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Document 00320 
 

GEOTECHNICAL INFORMATION 
 
 
1. DOCUMENT INCLUDES 
 

A. Soils investigation reports. 
B. Bidder's responsibilities. 

 
2. RELATED DOCUMENTS 
 

A. Section 02260 - Trench Safety Systems 
 
3. SITE INVESTIGATION REPORTS 
 

A. In the design and preparation of Contract documents for this Project, the 
City and Design Consultant have used information in geotechnical reports 
for the investigation and analysis of soils and subsurface conditions at the 
Project site. 

 
B. An electronic copy of the report for this project is included in a CD-Rom 

affixed to the inside front cover of the project manual. 
 

C. Neither the City nor Design Consultant is responsible for accuracy or 
completeness of any information or data. 

 
4. GEOTECHNICAL REPORTS 
 

A. Report No.  _____, prepared by the firm of HVJ Associates, entitled 
_________________, dated  ________, consisting of  _____ pages. 
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5. BIDDER RESPONSIBILITIES 
 

A. Bidder shall take full responsibility for interpretation and use of information 
contained in above listed reports for its bidding and construction purposes. 

 
B. Bidder may perform additional soils investigations as Bidder deems 

appropriate. 
 
 

END OF DOCUMENT 
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Document 00340 
 

ENVIRONMENTAL INFORMATION 
 
1.0 DOCUMENT INCLUDES 
 
 A. Environmental Site Assessment. 
 

B. Bidder's responsibilities. 
 
2.0 RELATED DOCUMENTS 
 
 A. Document 00320 - Geotechnical Information 
 
3.0 SITE INVESTIGATION REPORTS 
 

A. In the design and preparation of Contract documents for this Project, the 
City and Design Consultant have used information in environmental site 
assessment reports for the investigation and analysis of soils and 
subsurface conditions at the Project site. 

 
B. An electronic copy of each report for this project is included in a CD-Rom 

affixed to the inside front cover of the project manual.  
 

C. Neither the City nor Design Consultant is responsible for accuracy or 
completeness of any information or data. 

 
4.0 REPORTS 
 

A.  Environmental Assessment Surveys 
 

1. Report No. HE1417260, prepared by the firm of HVJ Associates, 
entitled Phase I Environmental Site Assessment Report District 203 
Water Well No. 3, dated July 8, 2016, consisting of 211 pages. 
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5.0 BIDDER RESPONSIBILITIES 
 
 A.  Bidder shall take full responsibility for interpretation and use of information 

contained in above listed reports for bidding and construction purposes. 
 

B.  Bidder may perform additional investigations as Bidder deems appropriate. 
 
 

END OF DOCUMENT 
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Document 00410A 

 
BID FORM – PART A 

 
To:  The Honorable Mayor and City Council of the City of Houston 

City Hall Annex 
900 Bagby Street 
Houston, Texas 77002 
 

 
Project:  New / Replacement of Water Well – D203 Water Well No. 3  
Project No.:   WBS No. S-000100-0019-3  
Bidder:    

(Print or type full name of business entity, such as corporation, LLC, etc) 
 
1.0 OFFER 

A. Total Bid Price: Having examined the Project location and all matters referred to in 
Bid Documents for the Project, we, the undersigned, offer to enter into a Contract to 
perform the Work for the Total Bid Price shown on the signature page of this 
Document 

B. Security Deposit:  Included with the Bid is a Security Deposit in the amount of 10 
percent of the Total Bid Price subject to terms described in Document 00200 – 
Instructions to Bidders. 

C. Period for Bid Acceptance:  This offer is open to acceptance and is irrevocable for 
90 days from Bid Date.  That period may be extended by mutual written agreement of 
the City and Bidder. 

D.  Addenda: All Addenda have been received.  Modifications to Bid Documents have 
been considered and all related costs are included in the Total Bid Price. 

E. Bid Supplements: The following documents are attached: 
[X] Security Deposit (as defined in Document 00200 – Instructions to Bidders) 
[X] Document 00450 - Bidder's Statement of MWSBE Status 
[X] Document 00452 - Contractor's Submission List - Fair Campaign Ordinance 

Form A 
[X] Document 00453 – Bidder’s Statement of Residency (not required for AIP 

funded project) 
[X] Document 00454 - Affidavit of Non-interest 
[X] Document 00455 - Affidavit of Ownership or Control 
[  ] Document 00456 - Bidder’s Certificate of Compliance with Buy American 

Program (required for AIP funded project) 
[X] Document 00457 – Conflicts of Interest Questionnaire (CIQ) 
[  ] Document 00458 - Bidder’s Certificate Regarding Foreign Trade Restriction 

(required for AIP funded project) 
[  ] Document 00459 -  Contractor’s Statement Regarding Previous Contracts  
 Subject to EEO (required for AIP funded project) 
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[X] Document 00460 – Pay or Play Acknowledgement Form (POP 1-A) 
[X] Document 00470 – Bidder’s MWSBE Participation Plan (required unless no 

MWSBE participation goal is provided in Document 00800 (the “Goal”)). 
[X] Document 00471 – Bidder’s Record of Good Faith Efforts (required if the goal in 

Bidder’s Participation Plan–Document 00470 is lower than the Goal). 
[X] Document 00472 – Bidder’s Goal Deviation Request (required if the goal in 

Bidder’s Participation Plan–Document 00470 is lower than the Goal). 
[X] Others as listed: Valid official letter from OBO with your designation as a City or 

Local Business   
  

 
 
 
 
 

2.0 CONTRACT TIME 
A. If offer is accepted, Contractor shall achieve Date of Substantial Completion within 

400 days after Date of Commencement of the Work, subject to adjustments of 
Contract Time as provided in the Contract.  
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Document 00410B 
 

BID FORM – PART B 
 

1.0 TOTAL BID PRICE HAS BEEN CALCULATED BY BIDDER, USING THE 
FOLLOWING COMPONENT PRICES AND PROCESS (PRINT OR TYPE 
NUMERICAL AMOUNTS): 

 
A. STIPULATED PRICE: $ [N/A] 

(Total Bid Price; minus Base Unit Prices, Extra Unit Prices, Cash Allowances and All Alternates, if any) 

 
B. BASE UNIT PRICE TABLE: 
 

Item 
No. 

Spec 
Ref. 

Base Unit Short Title 
Unit of 

Measure
Estimated 
Quantity 

Unit Price 
(this column 

controls) 

Total in 
Figures 

1. 01502 Mobilization  LS 1 $  60,000.00 
1 

$  60,000.00 
1 

2. 01110 Drill, construct, test and equip 
District 203 Water Well No. 3, 
including: 
a) Pilot hole drilled and 
sampled. 
b) Reaming of pilot hole and 
conductor casing set and 
cemented in place. 
c) Underreaming the pilot 
hole below the conductor 
casing. 
d) Production casing set in 
place. 
e) Graveling, sterilizing and 
developing the well. 
f) Furnishing the test pump. 
g) Concrete foundation for 
permanent pump. 
h) Permanent pump, with 
electric motor. 
i) A 1/4-inch, PVC-coated, 
stainless steel air-line tubing, 
water-level monitor assembly 
and 1-1/4-inch Schedule 80 
PVC solution tubing. 
j) Discharge piping manifold 
and pipe supports, complete. 
k) Well yard clearing and 
grubbing, grading, surfacing, 
fencing, bollards, topsoil, 
seeding and sodding. 

LS 1   

3. 01110 10-inch DIP at new well site, 
and at District 203 Water 
Plant by open cut 

LF 164   
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Item 
No. 

Spec 
Ref. 

Base Unit Short Title 
Unit of 

Measure
Estimated 
Quantity 

Unit Price 
(this column 

controls) 

Total in 
Figures 

4. 01110 All electrical work and related 
SCADA work 

LS 1   

5. 02511 10-inch C-900 DR 18 PVC 
Water Line, by open cut 
without restrained joints 

LF 1,275   

6. 02511 10-inch C-900 DR 18 PVC 
Water Line, by open cut with 
restrained joints 

LF 40   

7. 02511 10-inch C-900 DR 14 PVC 
water line by open cut with 
restrained joints 

LF 74   

8. 02511 10-inch DIP water line with 
restrained joints by open cut 

LF 73   

9. 02511 10-inch DIP Water Line, by 
bore and jack method with 
restrained joints in 18” steel 
casing 

LF 328   

10. 02525 20-inch by 10-inch tapping 
sleeve and valve with box 

EA 1   

11. 01555 Traffic Control and Regulation LS 1   

$  5,000.00 2 $  5,000.00 2 

12. 02260 Trench Safety System  LF 1,660   

13. 02336 Lime-Stabilized Subgrade SY 500   

14. 02741 Concrete Driveway SF 250   

15. 02751 Concrete Paving SY 475   

16. 02775 Concrete Sidewalk SF 170   

17. 02631 24-inch RCP storm sewer by 
open cut 

LF 108   

18. 02631 24-inch RCP storm sewer by 
bore and jack 

LF 50   

19. 02632 / 
2633 

Junction box with lid EA 2   

20. 01570 Reinforced Filter Fabric 
Barrier 

LF 3,985   

21. 01575 Stabilized Construction 
Access 

SY 110   

22. 01570 Inlet protection barrier LF 10   
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23. 02233 Clearing and grubbing of 
water line easement 

AC 0.30   

24. 01740 Site Restoration of 10-foot 
water line easement 

LF 1,415   

TOTAL BASE UNIT PRICES 
 

 $_________ 

 
REST OF PAGE INTENTIONALLY LEFT BLANK 
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C. EXTRA UNIT PRICE TABLE: 
 

Item 
No. 

Spec 
Ref. 

Extra Unit Short Title 
Unit of 

Measure
Estimated 
Quantity 

Unit Price 
(this column 

controls) 

Total in 
Figures 

25. 02529 Spectralog, if required by the 
City, in a pilot hole after making 
and reviewing Gamma Ray 
Log, all complete. 

EA 1 
 

  

26. 02529 Furnish and install 30-sack 
cement plug, if required, in a 
pilot hole below the selected 
completion depth of the well, 
complete. 

EA 1   

27. 02529 Extra sacks of cement more 
than the base amount of 30 
sacks in a cement plug below 
the selected completion depth 
of the well included in Item 31 
above. 

SK 20   

28. 02529 Complete water-sampling 
operation in a pilot hole from 
which the City requires water 
samples to be taken with a 
base development and 
pumping time of 36 hours, 
water samples and associated 
static water-level 
measurements, all complete. 

EA 2   

29. 02529 Pilot hole, as required, other 
than the 1,050-foot base depth. 
See Footnote (3) 

LF 100   

30. 02529 Abandonment, if required, of 
pilot hole included in Item 2. 

EA 1 $ 105,000.001 (leave blank) 

31. 02529 20-inch diameter surface 
casing, as required, cemented 
in place other than the 600-foot 
base depth for the well in Item 
2. See Footnote (3) 

LF 10   

32. 02529 14-inch diameter stainless 
steel blank production casing, 
as required, in place other than 
the 271-foot base length for the 
well in Item 2. See Footnote (3) 

LF 25   

33. 02529 14-inch diameter stainless 
steel screen wrapped on 
stainless steel pipe, as 
required in place other than the 
264-foot base length for the 
well in Item 2. See Footnote (3) 

LF 50   
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Item 
No. 

Spec 
Ref. 

Extra Unit Short Title 
Unit of 

Measure
Estimated 
Quantity 

Unit Price 
(this column 

controls) 

Total in 
Figures 

34. 15162 20-foot length of pump column 
assembly, air line, and 1 1/4-
inch Schedule 80 PVC tubes in 
place complete, if required, 
other than the 420-foot base 
length in Item 2. See Footnote (3) 

EA 4   

35. 15162 Intermediate stage of bowl 
assembly added to a pump, as 
quoted in Item 2, if required, 
and as shown in the pump data 
submittals for conditions. 

EA 2   

36. 02529 One-hour of pumping or water-
level recovery time, if required, 
other than 36 hours for a 
complete water sampling 
operation given in Item 33. See 

Footnote (3) 

HR 20   

37. 02529 One-hour of pumping test time, 
if required, other than 96 hours 
given in Item 2. See Footnote (3) 

HR 10   

TOTAL EXTRA UNIT PRICES 
 

 $_________ 

 
REST OF PAGE INTENTIONALLY LEFT BLANK 
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D. CASH ALLOWANCE TABLE: 
 
Item 
No. 

Spec 
Ref. 

Cash Allowance Short Title Cash 
Allowance in  

Figures(4) 

1.   01110 City of Houston Building Permit $ 30,000.00 

2.   01110 CenterPoint Energy Permanent Electrical Service to District 
203 Water Well No. 3 

$    40,000.00 

3.   01110 Harris County Right-of-Way Notification Processing Fee $ 200.00 

TOTAL CASH ALLOWANCES  $  70,200.00 

 
E. ALTERNATES TABLE: 
 

Item 
No. 

Spec 
Ref. 

Alternate Short Title Unit of 
Measure 

Estimated 
Quantity 

Unit Price 
(this column 

controls) 

Total Price for 
Alternate in 

figures 

1.    N/A         

       

TOTAL ALTERNATES 
 

   $ N/A 

 
 
 

REST OF PAGE INTENTIONALLY LEFT BLANK 
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F. TOTAL BID PRICE: $  
(Add Totals for Items A., B., C., D., and E. above) 

 
2.0 SIGNATURES:  By signing this Document, I agree that I have received and reviewed all 

Addenda and considered all costs associated with the Addenda in calculating the Total 
Bid Price. 

 
Bidder:   

(Print or type full name of your proprietorship, partnership, corporation, or joint venture.*) 

 
     ** By:   

Signature      Date 

 
Name:   

(Print or type name)    Title 

 
Address:   

(Mailing) 

 
  
(Street, if different) 

 
Telephone and Fax Number:   

(Print or type numbers) 

 
       * If Bid is a joint venture, add additional Bid Form signature sheets for each member of 

the joint venture. 
 
      ** Bidder certifies that the only person or parties interested in this offer as principals are 

those named above.  Bidder has not directly or indirectly entered into any agreement, 
participated in any collusion, or otherwise taken any action in restraint of free 
competitive bidding. 

 
Note: This document constitutes a government record, as defined by § 37.01 of the Texas 

Penal Code.  Submission of a false government record is punishable as provided in § 
37.10 of the Texas Penal Code.  

 
Footnotes for Tables B through E: 
(1) Fixed Unit Price determined prior to Bid.  Cannot be adjusted by the Bidder. 
(2) Minimum Bid Price determined prior to Bid.  Can be increased by the Bidder by crossing out the Minimum and noting 

revised price on the line above. 
(3) The same unit price applies if there is a unit quantity deduction. 
(4) Cash Allowance determined prior to Bid cannot be adjusted by the Bidder. Payment will be made in accordance with 

Contract Terms and Conditions. 
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 Section 01110 
 
 SUMMARY OF WORK 
 
 
PART 1    G E N E R A L 
 
1.01 SECTION INCLUDES 
 

A. Summary of the Work including work by City, City furnished products, Work 
sequence, future Work, Contractor use of Premises, and City occupancy. 

 
1.02 WORK COVERED BY CONTRACT DOCUMENTS 
 

A. Work of the contract is for the drilling, construction, testing and equipping of 
Forest Cove Water Well No. 5 and related facilities in the City of Houston Forest 
Cove Well Field. 
 

B. Work includes: 
 

1. Mobilization for D203 Water Well No. 3 as described in Section 01502. 
 
2. Drill, construct, test and equip D203 Water Well No. 3 of the D203 Well 

Field, including:  
 

a) Pilot hole drilled to a base depth of 1,050 feet with driller's log, 
circulated drill cutting samples, mechanical drift indicator survey, 
and geophysical logs, all as described in Section 02529. 

 
b) Reaming of pilot hole to a base depth of 605 feet, continuous 

alignment survey of uncased reamed hole, setting 20-inch surface 
casing to a base depth of 600 feet, sizing and alignment survey of 
surface casing in place, and cementing of surface casing, all as 
described in Section 02529 and shown on Drawings. 

 
c) Underreaming the pilot hole below the surface casing to a diameter 

of at least 26 inches to a depth of 1,035 feet, and making a section 
gauge log of the underreamed hole, all as described in Section 
02529 and shown on Drawings. 

 
d) Production casing set in place with a base total length of 535 feet, 

271 linear feet of 14-inch steel blank pipe and 264 linear feet of 14-
inch stainless steel screen wrapped on stainless steel pipe, to a 
base depth of 1,030 feet, all as described in Section 02529 and 
shown on Drawings. 
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e) Graveling, sterilizing and developing the well, all as described in 
Section 02529 and shown on Drawings. 

 
f) Furnishing the test pump, motor and equipment, and testing the 

well, all as described in Section 02529. 
 
g) Concrete foundation for permanent pump, complete and installed 

as described in Sections 02536, 03315 and 15162 and shown on 
Drawings. 

 
h) Permanent pump and electric motor, discharge assembly, 420 feet 

of column pipe, bowl assembly and accessory equipment, all 
installed and tested and complete as described in Section 15162.  

 
i) A 1/4-inch, PVC coated, stainless steel air-line tubing and a 1-1/4-

inch Schedule 80 PVC solution tubing, all set in place to a base 
depth of 460 feet, all as described in Section 15162 and shown on 
Drawings. 

 
j) Discharge piping manifold, complete, including valves, air and 

vacuum release, fittings, meters, blow-off, foundations, splash box, 
and auxiliary equipment, all installed and tested and complete as 
described in Sections 01570, 02316, 02320, 02521, 02536 and 
03315 and as shown on Drawings. 

 
k) Chlorine line from existing chemical room to welded steel fill line, all 

complete and installed as described in Section 02536 and shown 
on Drawings. 

 
l) Well yard clearing and grubbing, grading, surfacing, fencing, sound 

barrier, seeding and sodding, removing designated existing fencing, 
all complete and installed as described in applicable provisions of 
Sections 01570, 02233, 02821, 02911, 02921, 02922 and 03315 
and shown on Drawings. 

 
3. 10-inch Ductile Iron Piping (DIP) at well site between welded steel 

discharge piping and PVC piping, all installed, tested and complete as 
described in Sections 02316, 02320, 02501, 02511 and as shown on 
Drawings. 

 
4. All electrical and related SCADA work for Sims Bayou Well No. 7 as 

described in Sections 03315, Division 13 – Special Construction, and 
Division 16 - Electrical Specifications and shown on Drawings. 
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5. 10-inch AWWA C-900 DR 18 PVC Water Line, open cut without restrained 
joints, all complete and installed as described in applicable provisions of 
Sections 02316, 02320, 02506 and 02511 and shown on Drawings. 
 

6. 10-inch AWWA C-900 DR 18 PVC Water Line, open cut with restrained 
joints, all complete and installed as described in applicable provisions of 
Sections 02316, 02320, 02506 and 02511 and shown on Drawings. 
 

7. 10-inch AWWA C-900 DR 18 PVC Water Line by trenchless construction 
with restrained joints, all complete and installed as described in applicable 
provisions of Sections 02447, 02506 and 02511 and shown on Drawings. 

 
8. 10-inch DIP Water Line, pipe offset section by trenchless construction with 

restrained joints in 18-inch steel casing, all complete and installed as 
described in applicable provisions of Sections 02447, 02502, 02506 and 
02511 and shown on Drawings. 

 
9. Traffic Control and Regulation, provided as described in applicable 

provisions of Section 01555 and shown on Drawings. 
 

10. Trench Safety System as described in Section 02260 and as shown on the 
Drawings. 

 
11. Splash-pad inlet and storm sewer system, including storm sewer piping, 

subsurface drainage pipe, junction box, manholes, inlets, and connection 
to existing storm sewer, all complete and installed as described in 
applicable provisions of Sections 01570, 02084, 02087, 02317, 02320, 
02448, 02536 and 03315 and shown on Drawings.  
 

12. Concrete sidewalk, all complete and installed as described in applicable 
provisions of Section 02775 and shown on Drawings. 

 
13. Lime-stabilized subgrade, all complete and installed as described in 

applicable provisions of Section 02336 and shown on Drawings. 
 

14. Concrete paving and driveway, all complete and installed as described in 
applicable provisions of Sections 02751, 02752, 02753 and 02754 and 
shown on Drawings. 

 
15. Reinforced filter fabric barrier, installed as described in Section 01570 and 

as shown on Drawings. 
 

16. Inlet protection barrier, installed as described in Section 01570 and as 
shown on Drawings 
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17. Stabilized Construction Access, all complete and installed as described in 
applicable provisions of Section 01575 and shown on Drawings. 

 
18. Site restoration, complete as described in applicable provisions of Section 

01740 and shown on Drawings. 
 

C. SCADA Communications: 
 

1. The communications at the well shall be via Profibus radio antennas to 
communicate to the District 203 Water Plant. The City of Houston will 
provide the SCADA system software and the Contractor is responsible for 
the equipment installation, programming (including well, main PLCs and 
HMI) and functional communication with each well. 

 
D. Well requirements: 
 

1. A pilot hole shall be drilled prior to continuing with drilling the well at the 
site. Section 02529 includes a provision for paying the Contractor a lump 
sum amount if the pilot hole should be abandoned. 

 
2. Well No. 3 is to meet certain specific capacity requirements, pumping rate 

requirements and suspended solids production limits. These are described 
in Section 02529. Monetary penalty clauses for not meeting well specific 
capacity requirements and suspended solids production limits are given in 
Section 02529.  

 
E. Tree Protection: 
 

Tree Protection may be required in the project. Contractor shall adhere to City of 
Houston Tree Ordinance including latest amendments with regard to any trees 
that are to be removed. Contractor is responsible for preparing and submitting 
required documents and plans to obtain a tree removal permit prior to removing 
any protected tree. The permit can be obtained by contacting City of Houston, 
Department of Parks and Recreation representative Mr. Victor Cordova at 832-
395-8454. Notify Mr. Cordova at least two (2) weeks in advance of clearing and 
cutting any tree. Contractor shall adhere to the requirements of Section 01562 - 
Tree and Plant Protection, Section 01740 - Site Restoration and any tree 
protection plan approved for the project. 

 
1.03 CASH ALLOWANCES 
 

A. A cash allowance not to exceed $30,000.00 shall be reimbursed to the Contractor 
for the City of Houston Building Permits at Well No. 3. The reimbursements shall 
be based on the actual costs of the permits. 
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1.04 CITY FURNISHED PRODUCTS 
 

A. Items furnished by City for installation and final connection by Contractor: SCADA 
system software. 

 
B. Contractor's Responsibilities: 
 

1. Arrange and pay for product delivery to site. 
 
2. Receive and unload products at site; inspect for completeness or damage. 
 
3. Handle, store, install, and finish products. 
 
4. Repair or replace damaged items.  

 
1.05 WORK SEQUENCE  

 
A. Construct Work in phases during the construction period in accordance with the 

accepted construction schedule; coordinate construction schedule and 
operations with City. City reserves the right to change the sequence of work to 
meet project requirements at no penalty to City. 

 
B. Coordination of the Work: Refer to Section 01312 - Coordination and Meetings. 

 
1.06 CONTRACTOR USE OF PREMISES 
 

A. Comply with procedures for access to the site and Contractor's use of rights-of-
way as specified in Section 01145 - Use of Premises. 
 

B. Construction Operations:  Limited to property, rights-of-way or easements 
provided by City and designated area shown on the plans. 

 
C. Utility Outages and Shutdown:  Provide notification to City and private utility 

companies (if applicable) a minimum of 48 hours, excluding weekends and 
holidays, in advance of required utility shutdown.  Coordinate all work as 
required. 

 
D. The Contractor is responsible for cleaning any drilling fluids or other materials 

sprayed or splashed onto the ground storage tank at Well 5 and repainting a 
portion of the tank, if needed. 

 
1.07 WARRANTY 
 

A. Comply with warranty requirements in accordance with Document 00700 - 
General Conditions. Warranty all work, including equipment installed, for a 
minimum of 12 months following Substantial Completion.  
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B. In addition to the above warranty, assign to City all warranty from equipment and 

materials issued by manufacturers or Subcontractors which extends beyond the 
month period specified above. 

 
1.08 ALTERNATES 
 

A. No alternate bid items are specified or will be accepted for this project. 
 
1.09 CITY OCCUPANCY 
 

A. City will occupy a portion of the Forest Cove Water Plant III for its operations. 
 
1.10 GEOLOGIC, HYDROLOGIC AND DRILLING CONDITIONS 
 

A. Before submitting bid, make necessary geologic, hydrologic, drilling and 
construction condition studies insofar as they may affect bid for this Work. No 
plea of ignorance of conditions that exist or that may hereinafter exist or of 
conditions or difficulties that may be encountered in the execution of Work under 
this contract will be accepted as an excuse for failure or omission of the 
Contractor to fulfill in every detail all of the requirements of Contract, nor will such 
be accepted as a basis for any claim whatsoever for extra compensation or for an 
extension of time. 

 
1.11 QUANTITIES AND MEASUREMENTS 
  

A. The depths and lengths and the pumping and testing times given herein are 
estimated and approximate. They are used for the purpose of obtaining lump sum 
and unit price bids covering these items, but are not necessarily the exact depths 
and lengths and pumping and testing times that will be required during actual 
drilling, construction and testing.  Deviations from these depths, lengths and times 
are covered by the unit prices quoted in the Schedule of Extra Unit Prices in 
Document 00410 - Bid Form and apply as additions or deductions in depths, 
lengths and times. 
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1.12 INSPECTION 
 

A. City will appoint such representatives as City may deem proper to inspect the 
materials furnished and work done under this Contract to ensure that said 
materials are furnished and said Work is done in accordance with Specifications 
and other Contract Documents. 

 
1.13 CONTRACTOR'S DUTY 
 

A. Provide personal attention to prosecution and completion of Work and be present 
continually at the site of the work either in person or by duly authorized 
representative fully authorized to act for him in his absence. 

 
B. The Contractor is responsible for obtaining Cyberkeys to access City of Houston 

groundwater facilities at no additional cost to the City of Houston. The Contractor 
shall contact BLTl at 832-698-8000 to make arrangements to purchase the 
number of Cyberkeys for each drilling rig crew, technicians, field superintendents, 
etc. Once the Cyberkeys have been obtained, the Contractor is responsible for 
contacting the City of Houston Security Management Section to request access to 
the well sites by providing the name of the person each key will be assigned, a list 
of sites where access is needed, each key's serial number and expected hours of 
operation.  Once the keys have been programmed, it is the Contractor's 
responsibility to keep the keys updated as needed and at the Contractor's 
expense. 

 
1.14 CONTRACTOR'S EXPERIENCE  
 

A. Contractor must have been regularly engaged in drilling and construction of water 
wells of this general size and yield for the past five years in the Texas Gulf Coast 
area and be thoroughly familiar with the construction and development of gravel-
walled wells. During the past five years, he must have successfully and 
satisfactorily constructed and completed at least five wells substantially equivalent 
to the wells being bid in terms of depth, diameter, method of construction and 
development, yield, and equipping of wells. Provide to City names, locations and 
descriptions of five such wells as a part of bid submittal. Provide the City the 
names and Texas Drillers License Number of drillers who will work on the project 
as requested by the City after the Notice of Intent to Award has been issued. The 
Contractor must determine that he meets experience requirement before 
submitting a bid or that he has a working arrangement with a Subcontractor who 
does meet this experience.  

 
1.15 CODE REQUIREMENTS AND PERMITS 
 

A. Perform work in accordance with applicable statutes, ordinances, codes and 
regulations of governmental authorities having jurisdiction. The Contractor shall 
be fully responsible and obligated to maintain procedures for safety of all work, 
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personnel and equipment involved in the project. Contractor shall obtain any 
permits required for construction of the well and other facilities at his own 
expense. Well sites are located in proximity to residential areas and contractor is 
responsible for noise control. 

 
1.16 PURPOSE 
 

A. This project is part of the City’s program to upgrade and rehabilitate ground water 
production facilities. It will meet the area’s water demand and ensure compliance 
with the Texas Commission on Environmental Quality regulations. 

 
PART 2    P R O D U C T S 
 
2.01 QUALITY OF MATERIALS AND WORKMANSHIP 
 

A. Provide all new materials. All pipe, screen, and other equipment furnished shall 
have the manufacturers' type and quality designations stamped on them by 
manufacturers.  Provide City with written proof, at time of delivery, the required 
types and qualities of materials being furnished.  Provide City with mill test 
certificates on all piping, casing and pump column supplied on the Project. 

 
PART 3    E X E C U T I O N 
 
3.01 MEASUREMENTS AND DIMENSIONS 
 

A. Before purchasing any material or performing any work, Contractor shall verify all 
measurements and dimensions of the work and shall be responsible for the 
correctness thereof. Any discrepancy that may be found shall be reported to City 
for verification before proceeding with the work.  No extra charge or 
compensation will be allowed for differences between actual measurements and 
dimensions indicated on the drawings. 

 
3.02 SUBCONTRACTS 
 

A. The Contractor shall not employ any Subcontractor not acceptable to City.  
Failure of City to object to any Sub contractor proposed by the Contractor shall in 
no manner relieve or limit the Contractor's responsibility for the work done by the 
Subcontractor, and such failure to object by City shall in no manner by considered 
as a waiver, consent, acceptance or ratification of any work done by such 
Subcontractor, but all such work and the conformance thereof to the Plans and 
Specifications shall continue to be the responsibility of the Contractor. Approval of 
a Subcontractor shall be subject to at least the following requirements: 

 
1. Proof of financial ability and adequate insurance to perform the 

amount of work required of him and to provide assurance that he 
can maintain any guarantees required of him.  
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2. Evidence of acceptable completion on not less than five previous 

projects of work similar in scope and final effect to that required of 
him on this project. (In case of conflict between this and Sub-Item 
1.14 of Item 1, "Contractor's Experience," Sub-Item 1.14 shall 
govern.)  

 
3. A reputation for production of materials and/or work of the quality 

indicated in the Specifications. 
 
4. Demonstrated ability to comply with requirements of this Item or 

Items of the Specifications applicable to his work. 
 
3.03 DISPOSAL OF WATER, MUD AND OTHER WASTES 
 

A. No mud or sand pits may be excavated or built on these sites. The Contractor 
shall supply and use steel tanks for mud pits and sand containment.  All water, 
mud and other wastes which result from drilling, construction and testing 
operations of the Contractor shall be disposed of as approved by City and by any 
local agencies responsible for drainage in the vicinity of the well sites. Before 
submitting his proposal, the contractor shall investigate the means of such 
disposal. Contractor shall prepare and obtain any permits necessary for such 
disposal at his own expense, and he shall subsequently act accordingly to 
dispose of the water, mud and other wastes properly. 

  
B. Before commencing drilling operations, the Contractor shall submit a detailed 

written plan to City for all such disposal and shall obtain City's review of such 
plan.   City's review, however, shall not make City responsible for the adequacy 
of such plan, or for obtaining any permits for the Contractor, or to any other party 
for any damage or loss occasioned by the disposal of the water, mud and other 
wastes. 

 
C. The Contractor shall at all times maintain the premises to present a neat 

appearance. He also shall not discharge or allow the spillage of oil or any other 
material injurious to vegetation. If any oil or other material injurious to vegetation 
is accidentally spilled, it shall be immediately cleaned up and removed from the 
ground by the Contractor, and the Contractor shall pay for any damage caused 
by it. 
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3.04 WELDING 
 

A. Welding in the field for the described components shall be performed in 
accordance with best practices in construction of large deep water wells and 
accessory equipment in the Houston area. The field welding shall be inspected 
by representatives of testing laboratory. 

 
B. Field welding of any conductor casing, blank production casing, screened 

production casing and discharge header and appurtenances by the Contractor 
shall be performed by certified welders utilizing materials, equipment and 
methods designed specifically to achieve the operations herein described.  
General requirements for qualification shall be in accordance with AWS D1.1, 
Sec. 5, Part A, Qualification.  Welding procedures shall be qualified in 
accordance with AWS D1.1, Sec. 5, Part B, Procedure Qualifications.   Welders 
shall be certified for all position welding of each separate procedure, listed 
herein, in accordance with AWS D1.1, Sec. 5, Parts C, D and E, Welder and 
Welding-Operator Qualifications. The Contractor shall provide a copy of the 
welder’s current certification, welding procedure record and procedure 
qualification record prior to performing any welding covered by this contract, after 
issuance of the Notice to Proceed. 

 
C. All welding shall be performed in strict accordance with the qualification 

procedures stated herein utilizing the shielded metal-arc welding process to 
achieve 100 percent full penetration welds. City reserves the option of 
performing non-destructive, normally sonic or visual examination methods of any 
welds performed. Examination of casing and liner welds by X-ray shall be limited 
to a maximum of four welds per well.  Surfaces to be welded shall be free from 
scale, slag, heavy rust, grease, paint, cement, mud or any other foreign material. 
 Joint surfaces shall be smooth, uniform and free from defects that adversely 
affect proper welding procedure. Surfaces that have been torch-cut or air-arc 
gouged shall be ground smooth to remove all loose slag and oxidation. Welding 
shall not be performed when the ambient temperature is less than 0°F or when 
the surfaces are wet from rain, snow, ice, fog, or during periods of high wind 
velocity, unless the welder and the work are properly and adequately protected 
from the elements. When the ambient temperature is 50°F or less, preheating of 
the joint to be welded is required. Preheating to a minimum of 100°F shall extend 
ahead of the advancing arc a minimum distance of four times the wall thickness 
on each side of the joint. 

 
D. The welds shall be applied by means of continuous stringer beads or passes 

utilizing the shielded metal-arc welding process (SMAW). Welding procedures 
described herein require the use of the AWS electrode classification specified for 
each.  Each pass shall be thoroughly cleaned and descaled by means of 
chipping and wire brushing or buff grinding before the succeeding pass is 
applied.  The surface pass on groove welds shall be substantially central to the 
groove and shall be reasonably smooth and free from depressions. The final 
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weld surface shall be free from all weld slag. Fillet welds shall have legs of equal 
size. The finished fillet weld must be free of grooves, deep valleys or ridges and 
contain no abrupt changes in section at the toe. The face of fillet welds may be 
flat or slightly convex. Cracks in a groove or fillet weld and/or the base metal, 
incomplete fusion, weld overlap and pinholes are unacceptable. Arc strikes must 
be avoided. Any arc strikes will be repaired by grinding smooth. Defective welds 
will be repaired or replaced at no cost to City.   

 
E. Butt joints shall be accurately aligned and retained in position for the welding 

operation by use of line-up clamps preferred or fit-up clips, minimum of four per 
joint equally spaced around the circumference of the pipe joint. The line-up 
clamps or fit-up clips shall not be removed prior to completion of at least the root 
pass.  All weld splatter shall be removed by grinding smooth.   Butt joints of any 
pipe diameter and similar or dissimilar materials shall be gapped a minimum of 
1/16 inch and shall not exceed the 5/32-inch maximum. Inside penetration of any 
full penetration groove weld shall not exceed 1/8 inch. Surface cap build-up of 
any full penetration groove weld shall not exceed 5/32 inch. 

 
F. The assembly of random lengths of all materials stacked vertically for installation 

downhole, after welding in the form of surface casing liner, blank liner and screen 
liner, shall be connected to achieve at least the tensile strength of the pipe by 
means of gapped horizontal groove welds.  All groove welds shall be 
accomplished with a minimum of three weld passes, as herein described.  For a 
similar metal procedure of welding carbon steel to carbon steel, the root (first) 
pass of the gapped groove (butt) joint shall be made with a 1/8-inch maximum 
diameter E7010-A1 electrode utilizing the drag technique. The hot (second) pass 
shall be made with a 5/32-inch maximum diameter E7010-A1 electrode utilizing 
the drag technique. The filling, capping and surface (third or more) pass shall be 
made with a 3/16-inch maximum diameter E7018 electrode utilizing the drag 
technique. Low hydrogen electrodes require the specific use of proper and 
adequate furnace type drying and holding facilities. 

 
G. For a similar metal procedure of welding AISI Type 304 stainless steel to AISI 

Type 304 stainless steel, the root (first) pass of the gapped groove (butt) joint 
shall be made with a 5/32-inch maximum diameter E308-15 electrode utilizing 
the weaver technique. The hot (second) pass shall be made with a 5/32-inch 
maximum diameter E308-15 electrode utilizing the weaver technique. The filling, 
capping and surface (third or more) pass shall be made with a 3/16-inch 
maximum diameter E308-15 electrode utilizing the d rag technique. All specified 
requirements for either procedure of welding similar metals or the procedure of 
welding dissimilar metals is applicable to either operation except the use of 
electrodes. 
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H. For a dissimilar procedure of welding AISI Type 304 stainless steel to carbon 
steel, the root (first) pass of the gapped groove (butt) joint shall be made with a 
5/32-inch maximum diameter E309-15 electrode utilizing the weaver technique. 
The hot (second) pass shall be made with a 5/32-inch maximum diameter E309-
15 electrode utilizing the weaver technique. The filling, capping and surface (third 
or more) pass shall be made with a 3/16-inch maximum diameter E309-15 
electrode utilizing the drag technique. 

 
I. The welding required for the installation of flanged outlets and the fabrication of 

random length steel pipe joints with weld neck flanges for discharge header 
modifications shall be accomplished utilizing vertical and horizontal, as required, 
fillet welds. All fillet welds shall be accomplished with a minimum of two weld 
passes, as herein described. Build-up per pass shall be a minimum of 3/16 inch 
and shall not exceed 1/4 inch maximum. For a similar metal procedure of 
welding carbon steel to carbon steel, the root (first) pass of the fillet weld shall be 
made with a 1/8-inch maximum diameter E7010-A1 electrode utilizing the drag 
technique. The filling, capping and surface (second or more) pass shall be made 
with a 3/16-inch maximum diameter E7018 electrode utilizing the drag technique. 

 
J. All requirements for field welding of the various similar and dissimilar metal 

procedures, as described herein, shall apply to all shop welding for fabrication of 
components prior to delivery to the field for assembly and installation.  The 
Contractor may elect to utilize the gas tungsten arc (TIG) welding process for 
any shop welding of components fabrication, provided the welder and the 
welding procedure are fully certified, as herein specified.  The TIG welding 
process may be used for the root pass of any shop weld with additional passes 
made utilizing other approved welding processes. If the TIG welding process is 
not used for the root pass of any such shop weld, no additional passes of the 
weld can be made utilizing the TIG process. 

 
K. The Contractor shall submit to City for review the welding methods and 

procedure(s) the Contractor plans to use for field welding of the conductor 
casing, blank production casing, screened production casing, discharge header, 
and appurtenances. The description of the welding procedures shall state the 
conditions under which the welding will be performed, the type and size of 
welding rods to be utilized, the minimum number of passes required to weld the 
various wall thicknesses of casing, liner or pipe, and the method that will be used 
to remove weld splatter from surfaces to be welded . The method for keeping 
butt joints accurately aligned during welding operations shall be described.  Any 
other questions by City shall be answered. The welding methods and procedures 
submitted by the Contractor shall be reviewed and must be acceptable to City 
prior to the Contractor performing any field welding required herein. 
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3.05 PROGRESS REPORT 
 

A.  City shall be provided with two copies of each driller's or foreman's tour report on 
the work contained in this contract. These tour reports shall be delivered to City's 
representative each day for that day's progress. The form of the tour progress 
report shall be approved by the City. All data pertaining to progress of the work, 
such as drilling depth, formation descriptions, materials received, tallies of 
materials installed during construction work, development time, waiting time, and 
time spent on repairs, shall be recorded accurately on these reports during each 
tour.  Each tour report shall be prepared and signed by the Contractor's foreman 
in charge of the tour reporting.  A "tour" is defined for the purpose of tour reports 
as the period of time a driller or foreman and crew work continuously without 
interruption. 

 
Daily reports listing the personnel working at the site, number of hours worked 
per person, equipment used at the site, and a description of the work performed 
shall also be prepared by subcontractors working on the project. The form of the 
daily reports shall be submitted to the City for approval. These reports shall be 
delivered to the City's representative each day for that day's progress. 

 
3.06 DAILY REPORT 
 

A. The Contractor shall report plans and progress to City's designated 
representatives approximately 24 hours before work is to be started and daily 
thereafter during the course of the work. If City's representative is at the well site, 
the daily report may be made in person. Otherwise, the report is to be made by 
telephone. 

 
3.07 CLEAN UP  
 

A. Contractor shall clean all road surfaces to the well site at least on a weekly basis. 
 

B. Upon completion of the work at each site, the Contractor shall clear the 
construction site of all trash, rubbish, sand and other materials bailed or pumped 
from the well, temporary structures, and other temporary excavations to the 
original conditions, grade the entire site to City's satisfaction, hydro mulch seed 
the construction area, and replace and plant landscape plants removed during 
drilling. 

 
3.08 ADDITIONAL REQUIREMENTS FOR SUBSTANTIAL COMPLETION  
 

A. Contractor shall complete an Excel spreadsheet, provided by the City, that 
describes the items installed at the project site. The information shall include the 
manufacturer, model, serial number, year built, service life and original cost. 
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ATTACHMENT A 
 

SECURITY REQUIREMENTS FOR ALL PUD SITES 
 
Security Requirements: 
 
The Contractor agrees to strictly abide by all security and safety regulations issued by the 
City as stated below. 
 
All Contractor employees and subcontractors must be a U.S. Citizen or have a legal work 
permit. Each person must also present a valid unexpired U.S. state driver's license or photo 
identification card.  A U.S. issued resident alien card, with photo, passport, or other U.S. 
state or U.S. federal photo documentation is acceptable to present for identification 
purposes.  It is the responsibility of the Contractor to immediately inform the COH of any 
personnel changes. 
 
The COH/Public Utilities Division (PUD) Security Group will also conduct a criminal 
background check (at no cost to the Contractor) on all contractor and subcontractor 
employees assigned to work at any PUD site. The Contractor shall contact during normal 
business hours (8:00 am to 5:00 pm, M-F) one of the following PUD representatives 
identified below to coordinate completion of criminal background checks. 
 
Tammy Spriggs, 832-395-5175 
Shandra Jones, 832-395-5179 
 
The Contractor shall agree to completion of the City's Disclosure and Consent for Release 
of Information and any other documentation necessary to complete criminal background 
checks. 
 
Each employee of the Contractor and its subcontractors will be required to apply for, and 
receive, a COH identification card/access badge (at no cost to the Contractor) before being 
granted access to any PUD work site.   The COH photo identification office is located at 
611 Walker Street in Houston, Texas on the 3rd floor of the annex (832.395.5175 phone 
832.395.5187 fax).  Identification cards / access badges will only be issued by the City once 
a background check has been completed for the Contractor or subcontractor employee, 
and clearance has been granted by the City. 
 
All Contractor employees without current identification cards will be stopped by COH 
employees and/or security personnel and will not be given access to any COH/PUD facility. 
 All construction employees must show a valid identification card at the entrance gate and 
upon request while working on site. 
 
Contract employees must present their card to enter and exit the site at the guard shack. 
Lost cards are disabled and replacement cost is $5.00. 



New / Replacement of Water Well – D203 Water Well No. 3 
WBS No. S-000100-0019-3 SUMMARY OF WORK 
 

 
 01110-15  
 07-20-2016 

VEHICLES BELONGING TO CONTRACT EMPLOYEES AND THEIR SUBS: 
Vehicles that are required in the performance of a contractor's job duties (welding truck, flat 
bed, etc.) will be allowed to operate freely on the plant site, but with the following 
conditions: 
(1) They must have identification with the company's name and a phone number, along 
with the company's insignia, so that the operator's identity may be verified.  The sign must 
be no smaller than 12 inches tall by 12 inches wide; (2) The employee agrees to adhere to 
all of the posted speed limits and parking restrictions, which include but are not limited to 
parking on the grass or on curbs, or leaving vehicles unattended in heavily trafficked areas. 
CONTRACT EMPLOYEES AND THEIR SUBS: 
a. Contractors and/or Subs that will be working on any PUD site for less than 60 days will 
not be issued a City of Houston Contractor badge. However, they must still pass a criminal 
check and wear a Photo ID issued by their company (A picture ID displaying their name, 
the company's name, logo, and the position they hold within the organization) along with 
having their state issued unexpired driver's license or ID.  
 
b. Contractors and/or Subs that will be working on any PUD site for over 60 days will be 
issued a City of Houston Contractor badge with their picture after they pass a criminal 
check. They must also have in their possession their unexpired state issued driver's license 
or ID.  
 
In addition, they must have a valid Texas Driver's License on their person at all times. (A 
valid US driver's license will be accepted only if the employee does not reside in Texas.) 
 
c. Badges shall be worn in a clearly visible area on the employee's person.  Badges may 
not be kept in a wallet or pocket of any sort. 
 
d. Construction/Contract Management is responsible for providing security a monthly 
updated list of all employees (contractors and subs). 
 
Enforcement: 
No contract employee will be allowed to enter the facility without both badges in their 
possession. Any contract employee found on the plant site without proper identification will 
be immediately escorted off the property by HPD.  In addition, construction management 
will issue a non-compliance letter to the contractor responsible.  Furthermore, the City will 
not allow contract employees conditional access pending the arrival of requested badges.  
If an employee does not have proper identification, he/she should not be allowed to 
report to duty at any PUD site. 
All General Contractors/Sub Contractors and their employees will be held accountable for 
the return of ALL City issued badges of their employees and subcontractor employees.  
Criminal charges may be filed in an effort to recover the outstanding badges. 
 
 END OF SECTION 
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 Section 01145 
 
 USE OF PREMISES 
 
 
1.01 SECTION INCLUDES 

A. General use of the site including properties inside and outside of rights-of-way, 
work affecting road, ramps, streets and driveways and notification to adjacent 
occupants.  

 
1.02 RIGHTS-OF-WAY 

A. Confine access, and operations and storage areas to rights-of-way provided by the 
City as stipulated in Document 00700 - General Conditions; trespassing on 
abutting lands or other lands in the area is not allowed.  

 
 B. Make arrangements, at no cost to the City, for temporary use of private properties. 

Contractor and Surety shall indemnify and hold harmless the City against claims or 
demands arising from such use of properties outside of rights-of-way. Submit a 
copy of agreements between private property owners and Contractor prior to use 
of the area. Agreements between private property owners and Contractor shall be 
notarized or bear the signatures of two witnesses. 

  
C. Obtain written permission from City of Houston Parks and Recreation  

Department for storage of materials on esplanades and other areas within  
rights-of-way under that department's jurisdiction. Submit copies of written  
permission prior to use of the area.  

D. Restrict total length of distributed materials along the route of construction to 
1,000 linear feet unless otherwise approved in writing by City Engineer.  

1.03  PROPERTIES OUTSIDE OF RIGHTS-OF-WAY  

A. Do not alter the condition of properties adjacent to and along rights-of-way. 

B. Do not use ways, means, methods, techniques, sequences, or procedures 
that result in damage to properties or improvements.  

 C. Restore damaged properties outside of rights-of-ways at no cost to the city 
 
1.04 USE OF SITE  

A. Obtain approvals from governing authorities prior to impeding or closing public 
roads and streets. Do not close more than two consecutive intersections at one 
time. 
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B. Notify Project Manager and Public Works and Engineering Traffic Management 

Branch at least five working days prior to closing a street or street crossing. 
Obtain permits for street closures in advance.  

 
C. Maintain 10-foot-wide minimum access lanes for emergency vehicles including 

access to fire hydrants.  
 
D. Avoid obstructing drainage ditches or inlets. When obstruction is unavoidable due 

to requirements of the Work, provide grading and temporary drainage structures to 
maintain unimpeded flow.  

 
E. Locate and protect private lawn sprinkler systems that may exist within the site. 

Repair or replace damaged systems to condition existing at start of the Work, or 
better.  Test irrigation system prior to construction. 

 
F. Conform to daily clean-up requirements of Article 3 of Document 00700 - General  
 Conditions. 
  
G.  Beware of overhead power lines existing in area and in close proximity of the 

Project. When 10 feet of clearance between energized overhead power line and 
construction-related activity cannot be maintained, request Center Point Energy 
(CPE) de-energize or move conflicting overhead power line. Contact CPE 
representatives at (713) 207-2222. Schedule, coordinate and pay costs 
associated with de-energizing or moving conflicting overhead power lines. When 
there is no separate pay item for this effort, include these costs in various items of 
bid that make such work necessary.  
 

1.05 NOTIFICATION TO ADJACENT OCCUPANTS 

A. Notify individual occupants in areas to be effected by the Work of proposed 
construction and time schedule. Notify not less than 72 hours or more than two 
weeks prior to work performed within 200 feet of homes or businesses. Follow 
form and content of sample door hanger provided by Project Manager. 

 
B. Include in notification nature of the Work, and names and telephone numbers               

of  two company representatives for resident contact available on 24-hour call. 
 

C. Submit proposed notification to Project Manager for approval.  Consider ethnicity 
of the neighborhood where English is not the dominant language. Provide notice in 
an understandable language.  

 
1.06 PUBLIC, TEMPORARY, AND CONSTRUCTION ROADS AND RAMPS  

A. Construct and maintain temporary detours, ramps, and roads to provide for normal                                                                         
public traffic flow when it is necessary to close public roads or streets.
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B. Provide mats or other means to prevent overloading or damage to existing  

roadways from tracked equipment, large tandem axle trucks or equipment  
that will damage the existing roadway surfaces.  

C. Construct and maintain access roads and parking areas as specified in Section 
01504   - Temporary Facilities and Controls.  

 
1.07 EXCAVATION IN STREETS AND DRIVEWAYS 

A. Avoid hindering or inconveniencing public travel on streets or intersecting  
alleys for more than two blocks at any one time, except by permission of City 
Engineer.  

B. Obtain Traffic Management Branch and City Engineer's approval when nature 
of the Work requires closure of an entire street. Permits required for street  
closure are Contractor's responsibility. Avoid unnecessary inconvenience to  
abutting property owners.  

C. Remove surplus materials and debris and open each block for public use, as work 
in that block is complete.  

 
D. Acceptance of any portion of the Work will not be based on return of street to 

public use.  
 
E. Avoid obstructing driveways or entrances to private property. 

F. Provide temporary crossings or complete excavation and backfill in one continuous 
operation  to minimize duration of obstruction when excavation is required across 
drives or entrances.  

 
G. Provide barricades and signs in accordance with Section VI of the State of Texas 

Manual on Uniform Traffic Control Devices. 
 

1.08 TRAFFIC CONTROL 

A. Comply with traffic regulation as specified in Section 01555 - Traffic Control  
and Regulation.  

1.09 SURFACE RESTORATION 

A. Restore the site including landscaping to the condition existing before 
construction, or better. 

B. Repair paved areas per the requirements of Section 02951 - Pavement 
Repair and restoration.  
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C. Repair damaged turf areas, level with bank run sand conforming to Section  
02317 - Excavation and Backfill for Utilities, or topsoil conforming to Section  
02911 - Topsoil, and re-sod in accordance with Section 02922 - Sodding.  
Water and level newly sodded areas with adjoining turf using appropriate  
steel wheel rollers for sodding. Do not use spot sodding or sprigging.  

1.10 LIMITS OF CONSTRUCTION  

A. Confine operations to lands within construction work limits shown on  
Drawings. Unless otherwise noted on Drawings adhere to the following: 

1. Where utility alignment is within esplanade, and construction limits are 
shown on Drawings to extend to edge of esplanade, keep equipment,  
materials, stockpiles a minimum of five feet from back of curb.  

2. Where construction limits shown on Drawings extend to property line, 
keep sidewalks free of equipment, materials, and stockpiles.  

1.11 EQUIPMENT AND MATERIAL SALVAGE 

A. Upon completion of the Work, carefully remove salvageable equipment and 
material. Deliver them to City of Houston as directed by Project Manager.  
Dispose of equipment offsite at no additional cost to the City when Project  
Manager deems equipment unfit for further use.  

PART 2 P R O D U C T S - Not Used 

PART 3 E X E C U T I O N - Not Used 

END OF SECTION  
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CHANGE ORDER PROCEDURES

PART 1 G E N E R A L

1.01 SECTION INCLUDES

A. Procedures for processing Change Orders, including:

1. Assignment of a responsible individual for approval and 
communication of changes in the Work;

2. Documentation of change in Contract Price and Contract Time;

3. Change procedures, using proposals and Modifications;

4. Execution of Change Orders;

5. Correlation of Contractor submittals.

1.02 REFERENCES

A. Blue Book is defined as the Rental Rate Blue Book for Construction
Equipment (a.k.a. Data Quest Blue Book).

B. Rental Rate is defined as the full-unadjusted base rental rate for the 
appropriate item of construction equipment.

1.03 RESPONSIBLE INDIVIDUAL

A. Provide a letter indicating the name and address of the individual authorized 
to execute Modifications, and who will be responsible for informing others in 
Contractor's employ and Subcontractors of changes to the Work.  Provide 
this information at the pre-construction meeting.

1.04 DOCUMENTATION OF CHANGE IN CONTRACT PRICE AND CONTRACT 
TIME

A. Maintain detailed records of changes in the Work.  Provide full information 
required for identification and evaluation of proposed changes, and 
substantiate costs of changes in the Work.

B. Document each proposal for change in Contract Price or Contract Time with 
sufficient data to allow evaluation of proposal.
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C. Include the following minimum information on proposals:

1. Quantities of items in original Document 00410 – Bid Form with 
additions, reductions, deletions, and substitutions.

2. Quantities and cost of items in original Schedule of Values with 
additions, reductions, deletions and substitutions.

3. Provide Unit Prices for new items, with supporting information, for 
inclusion in Schedule of Unit Price Work.

4. Justification for changes in Contract Time.

5. Additional data upon request.

D. For changes in the Work performed on a time-and-material basis, provide the 
following additional information:

1. Quantities and description of Products.

2. Taxes, insurance and Bonds.

3. Overhead and profit as noted in Document 00700 - General 
Conditions.

4. Dates, times and by who work was performed.

5. Time records and certified copies of applicable payrolls.

6. Invoices and receipts for Products, rental equipment, and 
subcontracts, similarly documented.

E. For changes in the Work performed on a time-and-materials basis, rental 
equipment is paid as follows:

1. Actual invoice cost for duration of time required to complete extra work 
without markup for overhead and profit. When extra work comprises 
only a portion of a rental invoice where equipment would otherwise be 
on site, compute hourly equipment rate by dividing the actual monthly 
invoice by 176.  One day equals eight hours and one week equals 40 
hours.

2. Do not exceed estimated operating costs given in Blue Book for items
of equipment.  Overhead and profit will be allowed on the operating 
cost.
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F. For changes in the Work performed on a time-and-materials basis using 
Contractor-owned equipment, use Blue Book rates as follows:

1. Contractor-owned equipment will be paid at the Blue Book Rental Rate 
for the duration of time required to complete extra work without markup 
for overhead and profit.  Utilize lowest cost combination of hourly, 
daily, weekly or monthly rates.  Use 150 percent of Rental Rate for 
double shifts, one extra shift per day, and 200 percent of Rental Rate 
for more than two shifts per day.  Standby rates shall be 50 percent of 
the appropriate Rental Rate shown in Blue Book.  No other rate 
adjustments apply.

2. Do not exceed estimated operating costs given in Blue Book.
Overhead and profit will be allowed on operating costs.  Operating 
costs will not be allowed for equipment on standby.

1.05 CHANGE PROCEDURES

A. Changes to Contract Price or Contract Time can only be made by issuance of 
Document 00941 - Change Order.  Issuance of Document 00940 - Work 
Change Directive will be formalized into a Change Order.  Changes will be in 
accordance with requirements of Document 00700 - General Conditions.

B. City Engineer will advise of Minor Changes in the Work as authorized by the 
Document 00700 - General Conditions by issuing Document 00942 – Minor 
Change.

C. Request clarification of Drawings, Specifications, Contract documents or 
other information by using Document 00931- Request for Information.
Response by Project Manager to Requests for Information does not authorize 
Contractor to perform tasks outside scope of the Work.  Changes must be 
authorized as described in this Section.

1.06 PROPOSALS AND CONTRACT MODIFICATIONS

A. Project Manager may issue Document 00932- Request for Proposal, which
includes a detailed description of the proposed change with supplementary or 
revised Drawings and Specifications.  Project Manager may also request a 
proposal in response to a Request for Information.  Prepare and submit the 
proposal within seven days or as specified in request.

B. Submit requests for Contract changes to City Engineer describing proposed 
change and its full effect on the Work, with a statement describing reason for 
change and effect on Contract Price and Contract Time including full 
documentation.
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C. Design Consultant may review Change Orders.

1.07 WORK CHANGE DIRECTIVE

A. City Engineer may issue a signed Work Change Directive instructing 
Contractor to proceed with a change in the Work.  Work Change Directive will 
subsequently be incorporated into a Change Order.

B. Work Change Directives will describe changes in the Work and designate the 
method of determining change in Contract Price or Contract Time.

C. Proceed promptly to execute changes in the Work in accordance with the 
Work Change Directive.

1.08 STIPULATED PRICE CHANGE ORDER

A. A Stipulated Price Change Order will be based on an accepted proposal.

1.09 UNIT PRICE CHANGE ORDER

A. Where Unit Prices for affected items of the Work are included in Document 
00410 – Bid Form, the Change Order will be based on Unit Prices, subject to 
Articles 7 and 9 of Document 00700 - General Conditions.

B. Where Unit Prices of the Work are not pre-determined in Document 00410-
Bid Form, the Work Change Directive or accepted proposal will specify the 
Unit Prices to be used.

1.10 TIME-AND-MATERIAL CHANGE ORDER

A. Provide itemized account and supporting data after completion of change, 
within time limits indicated for claims in Document 00700 - General 
Conditions.

B. City Engineer will determine the change allowable in Contract Price and 
Contract Time as provided in Document 00700 - General Conditions.

C. Maintain detailed records for work done on time-and-material basis as 
specified in Paragraph 1.04 above.

D. Provide full information required for evaluation of changes and substantiate 
costs for changes in the Work.
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1.11 EXECUTION OF CHANGE DOCUMENTATION

A. City Engineer will issue Change Orders, Work Change Directives, or Minor 
Change in the Work for signatures of Parties as described in Document 
00700 - General Conditions.

1.12 CORRELATION OF CONTRACTOR SUBMITTALS

A. For Stipulated Price Contracts, promptly revise Schedule of Values and 
Application for Payment forms to record authorized Change Orders as 
separate line item.

B. For Unit Price Contracts, the next monthly estimate of the Work after 
acceptance of a Change Order will be revised to include new items not 
previously included with appropriate Unit Prices.

C. Promptly revise progress schedules to reflect change in Contract Time, and 
to adjust time for other items of work affected by the change, and resubmit for
review.

D. Promptly enter changes to on-site and record copies of Drawings, 
Specifications or Contract documents as required in Section 01785 - Project 
Record Documents.

PART 2 P R O D U C T S -  Not Used

PART 3 E X E C U T I O N -  Not Used

END OF SECTION
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Section 01270

MEASUREMENT AND PAYMENT

PART 1 G E N E R A L

1.01 SECTION INCLUDES

A. Procedures for measurement and payment plus conditions for 
nonconformance assessment and nonpayment for rejected Products.

1.02 AUTHORITY

A. Measurement methods delineated in Specification sections are intended to 
complement criteria of this Section.  In event of conflict, requirements of the 
Specification section shall govern.

B. Project Manager will take all measurements and compute quantities 
accordingly.

C. Assist by providing necessary equipment, workers, and survey personnel.

D. Measurement and Payment paragraphs are included only in those 
Specification sections of Division 01 where direct payment will be made.
Include costs in the total bid price for those Specification sections in Division 
01 that do not contain Measurement and Payment paragraphs, 

1.03 UNIT QUANTITIES SPECIFIED

A. Quantity and measurement estimates stated in the Agreement are for 
contract purposes only.  Quantities and measurements supplied or placed in 
the Work and verified by Project Manager will determine payment as stated in 
Article 9 of Document 00700 - General Conditions.

B. When actual work requires greater or lesser quantities than those quantities 
indicated in Document 00410 – Bid Form, provide required quantities at Unit 
Prices contracted, except as otherwise stated in Article 9 of Document 00700 
- General Conditions.

1.04 MEASUREMENT OF QUANTITIES

A. Measurement by Weight:  Reinforcing steel, rolled or formed steel or other 
metal shapes are measured by CRSI or AISC Manual of Steel Construction 
weights. Welded assemblies are measured by CRSI or AISC Manual of 
Steel Construction or scale weights.
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B. Measurement by Volume:

1. Stockpiles:  Measured by cubic dimension using mean length, width, 
and height or thickness.

2. Excavation and Embankment Materials:  Measured by cubic 
dimension using average end area method.

C. Measurement by Area:  Measured by square dimension using mean length 
and width or radius.

D. Linear Measurement:  Measured by linear dimension, at item centerline or 
mean chord.

E. Stipulated Price Measurement:  By unit designated in the Agreement.

F. Other:  Items measured by weight, volume, area, or linear means or 
combination, as appropriate, as completed item or unit of the Work.

G. Measurement by Each:  Measured by each instance or item provided.

H. Measurement by Lump Sum:  Measure includes all associated work.

1.05 PAYMENT

A. Payment includes full compensation for all required supervision, labor, 
Products, tools, equipment, plant, transportation, services, and incidentals; 
and erection, application or Installation of an item of the Work; and 
Contractor's overhead and profit.

B. Total compensation for required Unit Price work shall be included in Unit 
Price bid in Document 00410 – Bid Form.  Claims for payment as Unit Price 
work, but not specifically covered in the list of Unit Prices contained in 
Document 00410 – Bid Form, will not be accepted.

C. Interim payments for stored materials will be made only for materials to be 
incorporated under items covered in Unit Prices, unless disallowed in 
Document 00800 - Supplementary Conditions.

D. Progress payments will be based on Project Manager's observations and 
evaluations of quantities incorporated in the Work multiplied by Unit Price.

E. Final payment for work governed by Unit Prices will be made on the basis of 
actual measurements and quantities determined by Project Manager 
multiplied by the Unit Price for work which is incorporated in or made 
necessary by the Work.



CITY OF HOUSTON
STANDARD GENERAL REQUIREMENT MEASUREMENT AND PAYMENT

01270-3
08-01-2003

1.06 NONCONFORMANCE ASSESSMENT

A. Remove and replace work, or portions of the Work, not conforming to the 
Contract documents.

B. When not practical to remove and replace work, City Engineer will direct one 
of the following remedies:

1. Nonconforming work will remain as is, but Unit Price will be adjusted 
lower at discretion of City Engineer.

2. Nonconforming work will be modified as authorized by City Engineer, 
and the Unit Price will be adjusted lower at the discretion of City 
Engineer, when modified work is deemed less suitable than specified.

C. Specification sections may modify the above remedies or may identify a 
specific formula or percentage price reduction.

D. Authority of City Engineer to assess nonconforming work and identify 
payment adjustment is final.

1.07 NONPAYMENT FOR REJECTED PRODUCTS

A. Payment will not be made for any of the following:

1. Products wasted or disposed of in an unacceptable manner.

2. Products determined as nonconforming before or after placement.

3. Products not completely unloaded from transporting vehicles.

4. Products placed beyond lines and levels of required work.

5. Products remaining on hand after completion of the Work, unless 
specified otherwise.

6. Loading, hauling, and disposing of rejected Products.

PART 2 P R O D U C T S -  Not Used

PART 3 E X E C U T I O N -  Not Used

END OF SECTION
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SUPPLEMENTARY SPECIFICATION  

 
Section 01270 S 

 
MEASUREMENT AND PAYMENT 

 
 
The following supplement modifies Specification Section 01270. Where a portion of the 
Specification is modified or deleted by this supplementary specification, the unaltered 
portions of the specification shall remain in effect.  
 
 
 
1. Add the following to 1.02: 

 
E. Payment for all unit price items and unit of measure shall be defined in the 

unit price tables in Section 00410. 
 

2. Delete paragraph 1.05 D. and replace it with the following: 
 

D. Progress payments where applicable will be based on the City Engineer's 
observations and evaluations of quantities incorporated in the Work 
multiplied by the unit price. Once a decision is made to construct a well, a 
progress payment of $105,000.00 for Item 2 in Document 00410 - Bid Form 
will be made for the successful completion, including geophysical logging, 
of the pilot hole for each well and no additional progress payments will be 
made for the water well construction until the well meets the performance 
requirements in subsections 3.05 and 3.06 of Section 02529 - Water Wells. 

 
3. Add the following to 1.05: 

 
F. Progress payments for lump sum items other than water well construction 

will be based on percent of completion as determined by the City Engineer's 
evaluations. 

 
 
 

END OF SUPPLEMENT 
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Approved By: 
 
 
 
________________________                      ________________________  
Sonny Do, P.E.  Date 
Acting Assistant Director 
Water Engineering Section 
Engineering and Construction Division 
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Section 01292

SCHEDULE OF VALUES

PART 1 G E N E R A L

1.01 SECTION INCLUDES

A. Preparation and submittal of Schedule of Values for Stipulated Price 
Contracts or for Major Unit Price Work on Unit Price Contracts. 

1.02 PREPARATION

A. For Stipulated Price Contracts, subdivide the Schedule of Values into logical 
portions of the Work, such as major work items or work in contiguous 
construction areas.  Use Section 01325 - Construction Schedule as a guide 
to subdivision of work items.  Directly correlate Items in the Schedule of 
Values with tasks in the Construction Schedule.  Organize each portion using 
the Project Manual Table of Contents as an outline for listing value of the 
Work by Sections.  A pro rata share of mobilization, Bonds, and insurance 
may be listed as separate items for each portion of the Work.

B. For Unit Price Contracts, items should include a proportional share of 
Contractor's overhead and profit so that total of all items will equal Contract 
Price.

C. For lump sum equipment items, where submittal of operation and 
maintenance data and testing are required, include separate items for 
equipment operation and maintenance data where: 

1. submittal of maintenance data is valued at five percent of the lump sum 
amount for each equipment item and 

2. submittal for testing and adjusting is valued at five percent of the lump 
sum amount for each equipment item.

Round off figures for each item listed to the nearest $100.  Set the value of 
one item, when necessary, to make total of all values equal the Contract
Price for Stipulated Price Contracts or the lump sum amount for Unit Price 
Work.  



CITY OF HOUSTON
SCHEDULE OF VALUES STANDARD GENERAL REQUIREMENT

01292-2
08-01-2003

1.03 SUBMITTAL

A. Submit the Schedule of Values, in accordance with requirements of Section 
01330 - Submittal Procedures, at least 10 days prior to processing of the first
Certificate for Payment. 

B Submit the Schedule of Values in an approved electronic spreadsheet file 
and an 81/2-inch by 11-inch print on white bond paper.

C. Revise Schedule of Values for items affected by Contract Modifications.
After City Engineer has reviewed changes, resubmit at least 10 days prior to 
the next scheduled Certificate for Payment date.

PART 2 P R O D U C T S -  Not Used

PART 3 E X E C U T I O N -  Not Used

END OF SECTION
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Section 01312 
 

COORDINATION AND MEETINGS 
 

 
PART 1 G E N E R A L 
 
1.01 SECTION INCLUDES 
 

A. General coordination including pre-construction meeting, site mobilization 
conference, and progress meetings. 

       
1.02 COORDINATION OF DOCUMENTS 
 

A. Coordination is required throughout documents.  Refer to Contract 
documents and coordinate as necessary. 

 
1.03 CONTRACTOR COORDINATION 
 

A. Coordinate scheduling, submittals, and work of various Specification sections 
to assure efficient and orderly sequence of Installation of interdependent 
construction elements. 

 
B. Coordinate completion and clean up of the Work prior to the Date of 

Substantial Completion and for portions of the Work designated for City's 
partial occupancy. 

 
C. Coordinate access to the site for correction of nonconforming work to 

minimize disruption of the City's activities where the City is in partial 
occupancy. 

 
1.04 PRE-CONSTRUCTION MEETING 
 

A. Project Manager will schedule pre-construction meeting. 
 

B. Attendance Required:  City representatives, Design Consultant, special 
consultants as required by Project Manager, Contractor, and major 
Subcontractors and Suppliers. 

 
C. Agenda: 

 
1. Distribution of Contract documents. 
 
2. Designation of personnel representing the Parties and Design 

Consultant. 
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3. Review of insurance. 
 

4. Discussion of formats for Schedule of Values and Construction 
Schedule. 

 
5. Procedures and processing of Shop Drawings, substitutions, pay 

estimates or Applications for Payment, Requests for Information, 
Requests for Proposal, Modifications, and the Contract closeout, other 
submittals. 

 
6. Scheduling of the Work and coordination with other contractors. 

 
7. Review of Subcontractors and Suppliers. 

 
8. Appropriate agenda items listed for the site mobilization conference, 

Paragraph 1.05.C, when pre-construction meeting and site 
mobilization conference are combined. 

 
9. Procedures for testing. 

 
10. Procedures for maintaining record documents. 

 
1.05 SITE MOBILIZATION CONFERENCE 
 

A. When required by Contract documents, Project Manager will schedule a 
conference at the Project site prior to Contractor mobilization. 

 
B. Attendance Required:  City representatives, Design Consultant, special 

consultants, Superintendent, and major Subcontractors. 
 

C. Agenda: 
 

1. Use of premises by the City and Contractor. 
 
2. Safety and first aid procedures. 

 
3. Construction controls provided by the City. 

 
4. Temporary utilities. 

 
5. Survey and layout. 

 
6. Security and housekeeping procedures. 

 
7. Field office requirements. 
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1.06 PROGRESS MEETINGS 
 

A. Hold meetings at Project field office or other location designated by Project 
Manager.  Hold meetings at monthly intervals, or more frequently when 
directed by Project Manager. 

 
B. Attendance Required:  Superintendent, major Subcontractors and Suppliers, 

City representatives, Design Consultant and its subconsultants as 
appropriate for agenda topics for each meeting. 

 
C. Project Manager will make arrangements for meetings, and for recording 

minutes. 
 

D. Project Manager will prepare the agenda and preside at meetings. 
 

E. Provide required information and be prepared to discuss each agenda item. 
 

F. Agenda: 
 

1. Review minutes of previous meetings. 
 
2. Review of construction schedule, pay estimates, cash flow curve, 

payroll and compliance submittals. 
 

3. Field observations, problems, and necessary decisions. 
 

4. Identification of problems that impede planned progress. 
 

5. Review of submittal schedule and status of submittals. 
 

6. Review of RFI and RFP status. 
 

7. Modification status. 
 

8. Review of off-site fabrication and delivery schedules. 
 

9. Maintenance of Construction Schedule. 
 

10. Corrective measures to regain Construction Schedule. 
 

11. Planned progress during the succeeding work period. 
 

12. Coordination of projected progress. 
 

13. Maintenance of quality and work standards. 
 



14. Effect of proposed Modifications on Construction Schedule and coordination. 
 

15. Review Project Record Contract Drawings. 

16.  Other item relating to the Work.  

 PART 2 P R O D U C T S - Not Used  

PART 3 E X E C U T I O N - Not Used 

END OF SECTION 
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Section 01321

CONSTRUCTION PHOTOGRAPHS

PART 1 G E N E R A L

1.01 SECTION INCLUDES

A. Photographic requirements for construction photographs and submittals.

1.02 DEFINITIONS

A. Pre-construction Photographs:  Photographs taken, in sufficient numbers and 
detail, prior to Date of Commencement of the Work, to show original 
construction site conditions.

B. Progress Photographs:  Photographs, taken throughout the duration of 
construction at regular intervals and from fixed vantage points, pre-approved
by the City, that document progress of the Work.

C. Finished Photographs:  Photographs, taken by a professional photographer 
near Date of Substantial Completion and before City Council’s acceptance of 
the Work, that are suitable for framing and for use in brochures or on the
Internet

1.03 SUBMITTALS

A. Refer to Section 01330, Submittal Procedures, for submittal requirements.

B. Format and Media.  Film or digital photography may be used.  Submit color 
photographs, unless otherwise specified.

1. Prints.  Submit each Progress or Pre-construction Photograph print in 
a three-hole plastic pocket or sleeve, bound in a three-ring notebook.
Produce prints on photographic-quality paper approved by Project 
Manager.  Minimum size for Pre-construction Photograph prints shall 
be 3-inches by 5-inches.  Progress Photograph prints shall be 8-inches
by 10-inches.

2. Film.  Use 35mm or larger color film.  Submit negatives used to make 
submitted photographs, in 3-hole 8-1/2 inch by 11-inch plastic sheets 
with sleeves for negatives.

3. Digital Photography.  Use 2.1 megapixel density or greater for 
photographs.  Scanned photographs must equal or exceed 400 dots 
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per inch when scanned from 8-inch by 10-inch prints.  Submit digital 
photographic files on computer disks.   Format disks for MS-DOS
(Microsoft Disk Operating System) filing system and in JPEG (Joint 
Photographic Experts Group) format.

C. Submittal Quantities and Frequencies.

1. Pre-construction Photographs:
a. For Stipulated Price Contracts, submit two sets of Pre-

construction Photographs, if required, prior to first Application 
for Payment.

b. For Unit Price Contracts, submit two sets of Pre-construction
Photographs prior to start of construction operations. 

2. Progress Photographs:
a. For Stipulated Price Contracts, submit three sets of Progress 

Photographs with each Application for Payment at the times 
established for submittal of Applications for Payment.  Monthly 
Applications for Payment shall be deemed incomplete if not 
accompanied by the required Progress Photographs.
Contractor’s failure or election to not submit a monthly 
Application for Payment shall not affect the requirement for 
monthly Progress Photographs.

b. Progress Photographs are not required for Unit Price Contracts 
unless otherwise specified.

3. Finished Photographs:  For Stipulated Price Contracts submit two sets 
of Finished Photographs, if required, after Date of Substantial 
Completion and prior to final payment.  Each set shall contain one 11-
inch by 14-inch matte finish color photographic print from each of the 
two vantage points pre-approved by the City.  Vantage points for 
Finished Photographs will be approved separately from vantage points 
approved for Progress Photographs.  Finished Photographs are not 
required for Unit Price Contracts unless otherwise specified.

D. Labeling.  Place a label on the back of each photographic print, applied so as 
to not to show through on the front.  Labels shall contain the following 
information:

1. Name of Project, address of Project and GFS Number.

2. Name and address of Contractor.

3. Date photograph was taken.

4. Location photo was taken from and short description of photo subject.



CITY OF HOUSTON
STANDARD GENERAL REQUIREMENT CONSTRUCTION PHOTOGRAPHS

01321-3
08-01-2003

5. Name and address of professional photographer who took the 
photograph, if applicable.

E. Hand-deliver or transmit prints in standard photographic mailers marked 
“Photographs - Do Not Bend”.

F. Photographic prints, negatives, photographic files and disks become the 
property of the City.  Do not be publish photographs without written consent 
by the City.

1.04 QUALITY ASSURANCE

A. Contractor shall be responsible for the quality of and timely execution and
submittal of photographs.

B. For Finished Photographs, Contractor shall use a professional photographer, 
with five years minimum professional experience in the Houston area.
Contractor shall submit name, address and credentials of professional 
photographer for Project Manager’s review and approval.

PART 2 PRODUCTS -  Not Used

PART 3 EXECUTION

3.01 PRE-CONSTRUCTION PHOTOGRAPHS

A. Prior to commencement of construction operations, photograph the site to 
include initial construction corridor, detour routes, and staging or storage 
areas.

1. For Stipulated Price Contracts, unless specified as a requirement in 
other Sections, these photographs are optional for Contractor, but are 
highly recommended for areas bounded by other property owners.

2. Pre-construction photographs are required for Unit Price Contracts.
For line projects with scheduled construction segments, take Pre-
construction Photographs prior to commencement of work on each 
segment.
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B. Prepare Pre-construction Photographs as follows:

1. Show the following information on a non-reflective chalkboard placed 
within the picture frame:
a. Job number.
b. Project Number.
c. Date and time photographs were taken (Automatic date/time in 

negative is acceptable).
d. Baseline station, direction of view (i.e. N, S, NW, etc.) and 

house number or street address and street name.

2. Pre-construction Photographs shall indicate condition of the following:
a. Esplanades and boulevards.
b. Yards (near side and far side of street).
c. House walks and sidewalks.
d. Curbs.
e. Areas between walks and curbs.
f. Particular features (e.g. yard lights, shrubs, fences, trees).

3. Show date photographs were taken on negatives.

C. Show the location of vantage points and direction of shots on a key plan of 
the site.

3.02 PROGRESS PHOTOGRAPHS

A. Progress Photographs document monthly advancement of the Work.  Select 
vantage points for each shot so as to best show status of construction and 
progress since last photograph submittal. Select camera stations that will 
require little or no movement or adjustment over the duration of construction. 

B. Take monthly Progress Photographs at regular intervals to coincide with 
cutoff dates associated with each Application for Payment.

3.03 FINISHED PHOTOGRAPHS

A. Finished Photographs shall be “staged” and taken by a professional 
photographer to depict the most flattering images of a finished facility.    Two 
vantage points, from which Finished Photographs will be taken, shall be 
agreed to in advance by the City.  Photographer shall consider lighting, time 
of day, height of eye, landscaping and placement of vehicles, people and 
other props in each picture.  Filters and post-photography processing may be 
utilized to achieve a finished product acceptable to the City.
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3.04 LOCATION

A. Vantage points, times and conditions for camera stations and photography 
for Progress and Finished Photographs shall be mutually agreed upon by the 
City, Contractor and Photographer.  Progress Photograph vantage points 
may be changed by mutual agreement as the Work progresses, at no 
additional cost to the City.

END OF SECTION
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Section 01326

CONSTRUCTION SCHEDULE (BAR CHART)

PART 1 G E N E R A L

1.01 SECTION INCLUDES

A. Provide an initial Construction Schedule as required by this section for the 
Work.  Do not start construction until Project Manager reviews the schedule.

1.02 FORM AND CONTENT OF INITIAL CONSTRUCTION SCHEDULE

A. Bar Chart:

1. Show major construction activities such as pipe laying, by traffic 
control phases or other approved key areas; tunnel construction, 
pavement removal, pavement replacement, pressure testing, 
chlorination, clean up and punch list as separate activities on the 
schedule.

2. Show week duration for each activity.

3. Show separate activities for each Shop Drawing and Product Data 
submittal critical to timely completion.  Show submittal dates and dates 
Project Manager needs to provide approved submittals.

4. Provide separate horizontal bar for each activity.  List start and finish 
date for each activity at left side of diagram.

5. Horizontal Time Scale:  Identify first work day of each week.

6. Scale and Spacing:  Notes must be legible.  Allow space for notations 
and future revisions.

7. Order of Listings:  Order bar chart listings by phases or other approved 
groups of activities that are contiguous.  List activities in chronological 
order within each phase or group.

B. Narrative Description:

1. Submit narrative descriptions of anticipated work sequences as 
indicated by the sequence of activities presented in the schedule.
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2. Discuss any activity that affects the public (such as phases of traffic 
control), interaction with specific forces of the City (such as valve 
operation, chlorination and testing) or other associated contractors.

1.03 PROGRESS REVISIONS

A. Submit progress revisions or necessary information to complete and process 
Payment Applications. When required, re-submittals for rejected revisions 
must be submitted and reviewed prior to the following month’s processing of 
a Payment Application.  The following month’s Payment Application will not 
be processed until the re-submittal is reviewed and required progress 
revisions are received.

B. Provide a narrative report to describe:

1. Major changes in scope.

2. Revised projections in progress, completion, or changes in activity 
duration.

3. Other identifiable changes.

4. Problem areas, anticipated delays, and the impact on schedule.

5. Corrective action recommended and its effect.

6. Effect of changes on schedules or other contractors.

7. Product delivery lead times.

C. Include additional data with Bar Chart described in Paragraph 1.03A of this 
Section:

1. Show original dates for each activity in the approved initial progress 
schedule by narrow bar next to a wider bar for the current schedule.

2. Show date each activity actually started or finished when an event has 
occurred.  Clearly identify actual dates in two right-most columns in left 
portion of an 11 by 17-inch chart.

3. Indicate the percentage progress to the date of submittal for each 
activity.
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1.04 SUBMITTALS

A. Submit the initial progress schedule within 15 days after award of contract.
Project Manager will review the schedule and return a reviewed copy within 
21 days after receipt.

B. Cut-off dates for progress revisions may be as early as the 20th of the month 
to avoid delaying processing of Payment Applications.  Use the cut-off date 
for the first approved revision for further revisions.

C. When required, re-submit within seven days after return of review copy.

D. Include connecting lines between bars in the schedule to indicate the 
sequence that activities will be accomplished.  Connecting lines when the 
activity’s start or finish is modified will identify impact of preceding or 
succeeding activities.  Submit a minimum of six copies of the bar chart on 11 
by 17-inch opaque reproductions.  Project Manager will retain five copies and 
return the remaining copy.

PART 2 P R O D U C T S -  Not Used

PART 3 E X E C U T I O N -  Not Used

END OF SECTION
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Section 01330

SUBMITTAL PROCEDURES

PART 1 G E N E R A L

1.01 SECTION INCLUDES

A. Submittal procedures for:

1. Schedule of Values

2. Construction Schedules and Cash Flow Curve (billing forecast).

3. Shop Drawings, Product Data and Samples

4. Operations and Maintenance (O&M) Data

5. Manufacturer's Certificates

6. Construction Photographs

7. Project Record Documents and monthly certification.

8. Video Tapes

9. Design Mixes

1.02 SUBMITTAL PROCEDURES

A. Scheduling and Handling:

1. Submit Shop Drawings, data and Samples for related components as 
required by Specifications and Project Manager.

2. Schedule submittals well in advance of need for construction Products. 
 Allow time for delivery of Products after submittal approval.

3. Develop submittal schedule that allows sufficient time for initial review, 
correction, resubmission and final review of all submittals. Allow a 
minimum of 30 days for initial review.  Project Manager will review and 
return submittals to Contractor as expeditiously as possible but time 
required for review will vary depending on complexity and quantity of 
data submitted. 
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4. Project Manager’s review of submittals covers only general conformity 
to Drawings, Specifications and dimensions that affect layout.
Contractor is responsible for quantity determination.  No quantities will 
be verified by Project Manager.  Contractor is responsible for errors, 
omissions or deviations from Contract requirements; review of 
submittals does not relieve Contractor from the obligation to furnish 
required items in accordance with Drawings and Specifications.

5. Submit five copies of documents unless otherwise specified.

6. Revise and resubmit submittals as required.  Identify all changes made 
since previous submittal.

7. Assume risk for fabricated Products delivered prior to approval.  Do 
not incorporate Products into the Work, or include payment for 
Products in periodic progress payments, until approved by Project 
Manager.

B. Transmittal Form and Numbering:

1. Transmit each submittal to Project Manager with Transmittal letter 
which includes:
a. Date and submittal number
b. Project title and number
c. Names of Contractor, Subcontractor, Supplier and manufacturer
d. Identification of Product being supplied
e. Location of where Product is to be Installed
f. Applicable Specification section number

2. Identify deviations from Contract documents clouding submittal 
drawings.  Itemize and detail on separate 8-1/2 by 11-inch sheets 
entitled "DEVIATIONS FOR _________________." When no 
deviations exist, submit a sheet stating no deviations exist.

3. Have design deviations signed and sealed by an appropriate design 
professional, registered in the State of Texas.

4. Sequentially number transmittal letters beginning with number one.
Use original number for resubmittals with an alphabetic suffix (i.e., 2A 
for the first resubmittal of submittal 2, or 15C for third resubmittal of 
submittal 15, etc.).  Show only one type of work or Product on each 
submittal.  Mixed submittals will not be accepted.
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C. Contractor's Stamp:

1. Apply Contractor's Stamp certifying that the items have been reviewed 
in detail by Contractor and that they comply with Contract 
requirements, except as noted by requested variances.

2. As a minimum, Contractor's Stamp shall include:
a. Contractor's name
b. Job number
c. Submittal number
d. Certification statement Contractor has reviewed submittal and it 

is in compliance with the Contract
e. Signature line for Contractor

D. Submittals will be returned with one of the following Responses:

1. "ACKNOWLEDGE RECEIPT" when no response and resubmittal is 
required.

2. "NO EXCEPTION" when sufficient information has supplied to 
determine that item described is accepted and that no resubmittal is 
required.

3. "EXCEPTIONS AS NOTED" when sufficient information has been 
supplied to determine that item will be acceptable subject to changes, 
or exceptions, which will be clearly stated. When exceptions require 
additional changes, the changes must be submitted for approval.
Resubmittal is not required when exceptions require no further 
changes.

4. "REJECTED-RESUBMIT" when submittal does not contain sufficient
information, or when information provided does not meet Contract 
requirements.  Additional data or details requested by Project Manager
must be submitted to obtain approval.

1.03 MANUFACTURER'S CERTIFICATES

A. When required by Specification sections, submit manufacturers' certificate of 
compliance for review by Project Manager.

B. Place Contractor's Stamp on front of certification.

C. Submit supporting reference data, affidavits, and certifications as appropriate.

D. Product certificates may be recent or from previous test results, but must be 
acceptable to Project Manager.
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1.04 DESIGN MIXES

A. When required by Specification sections, submit design mixes for review.

B. Place Contractor's Stamp, as specified in this section, on the front of each 
design mix.

C. Mark each mix to identify proportions, gradations, and additives for each 
class and type of mix submitted.  Include applicable test results from samples 
for each mix.  Perform tests and certifications within 12 months of the date of 
the submittal. 

D. Maintain copies of approved mixes at mixing plant.

1.05 CHANGES TO CONTRACT

A. Changes to Contract may be initiated by completing a Request for 
Information form. Project Manager will provide a response to Contractor by 
completing the form and returning it to Contractor.

1. If Contractor agrees that the response will result in no increase in cost 
or time, a Minor Change in the Work will be issued by City Engineer.

2. If Contractor and Project Manager agree that an increase in time or 
cost is warranted, Project Manager will forward the Request for 
Proposal for negotiation of a Change Order.

PART 2    P R O D U C T S -  Not Used

PART 3    E X E C U T I O N -  Not Used

END OF SECTION
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Section 01340

SHOP DRAWINGS, PRODUCT DATA, AND SAMPLES

PART 1 G E N E R A L

1.01 SECTION INCLUDES

A. Methods, schedules, and processes to be followed for Shop Drawings, 
Product Data and Sample submittals.

1.02 REQUIREMENT

A. Submit Shop Drawings, Product Data and Samples as required by Document 
00700 - General Conditions and Specification sections, using procedures 
specified in Section 01330 - Submittal Procedures and the requirements of 
this Section.

B. Shop Drawings, Product Data and Samples are not considered Contract 
documents.

1.03 SHOP DRAWING/SUBMITTAL SCHEDULE

A. Submit a separate Shop Drawing submittal schedule at same time the 
Construction Schedule is submitted.  List Products for which Shop Drawings 
and other submittals are required in the order that they appear in 
Specifications.  Include Product Data and Sample submittals in the schedule. 
 Payment Applications or Certificates for Payment will not be processed until 
Project Manager has approved the Shop Drawing submittal schedule.

1.04 SHOP DRAWINGS

A. Submit a minimum of seven sets of Shop Drawings and Product Data in a 
form and quality suitable for microfilming.  Review and sign Shop Drawings 
indicating compliance with the Contract.

B. Place Contractor's Stamp on each drawing as described in Section 01330 -
Submittal Procedures. 

C. Show the following accurately and distinctly:

1. Field and erection dimensions;

2. Arrangement and section views;
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3. Relation to adjacent materials or structure, including complete 
information for making connections between the Work and work under 
other contracts;

4. Types of Products and finishes;

5. Parts list and descriptions;

6. Assembly drawings of equipment components and accessories 
showing respective positions and relationships to the complete 
equipment package;

7. Identify details by referencing drawing sheet and detail numbers, 
schedule or room numbers as shown on the Contract drawings, where 
necessary for clarity.

D. Scale drawings to provide a true representation of the specific equipment or 
item Furnished.

E. Coordinate and submit components, necessary for Project Manager to 
adequately review submittal, as a complete package.  Reproduction of the 
Drawings for use in Shop Drawings is not allowed.

F. For major changes to original documents, submit Computer-Aided Design 
(CAD) drawings on a media acceptable to Project Manager.

1.05 PRODUCT DATA

A. Submit Product Data for review as required in Specifications.

B. Place Contractor's stamp, on each data item submitted, as described in 
Section 01330 - Submittal Procedures.

C. Mark each copy to identify applicable Products, models, and options to be 
used in the Work.  Where required by Specifications, supplement 
manufacturers' standard data to provide information unique to the Work.

D. Give manufacturers, trade name, model or catalog designation and
applicable reference standard for Products specified only by reference 
standards.

E. Pre-approved and Pre-qualified Products.

1. For "pre-approved", "pre-qualified" and "approved" Products named in 
the City standard products list, provide an appropriate list designation,
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as described in Section 01630 - Product Substitution Procedures, 
within 30 days after Notice to Proceed.

2. For Products proposed as alternates to "approved" products, provide 
information required to demonstrate that the proposed Products meet 
the level of quality and performance criteria of the "approved” product.

1.06 SAMPLES

A. Submit Samples for review as required by Specifications.  Have Samples 
reviewed and signed by a Registered Professional.

B. Place Contractor's stamp on each Sample or firmly attach a sheet of paper 
with Contractor's stamp, as described in Section 01330 - Submittal 
Procedures.

C. Submit the number of Samples specified in Specifications; Project Manager 
will retain one.

D. Reviewed Samples that may be used in the Work are identified in
Specifications.

PART 2 P R O D U C T S -  Not Used

PART 3 E X E C U T I O N -  Not Used

END OF SECTION
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 SECTION 01351 
 
 ENVIRONMENTAL SAFETY AND WORKER PROTECTION 
 
 
PART 1  GENERAL 
 
1.01 SECTION INCLUDES 
 

Environmental Safety and Worker Protection including monitoring emissions and 
exposure to workers and providing an appropriate response.  The role of the 
Certified Industrial Hygienist (CIH) is also defined. 

 
1.02  MEASUREMENT AND PAYMENT 
 

No separate measurement and payment for work performed under this Section.  
The Contractor shall include the cost for this work in the contract bid price for 
work of which this is a component part. 

 
1.03  REFERENCES 
 

The following is a list of applicable requirements to this project.  It is not intended 
to be a complete listing of all laws and regulations to which the Contractor must 
comply. 

 
A. Code of Federal Regulations 

 
1. 29   CFR   1910,   "Occupational Safety and Health Standards". 

 
  a.  29  CFR  1910.146  "Permit-required confined spaces". 

 
2. 29 CFR 1926, "Safety and Health Regulations for Construction" 

(Construction Industry Standards). 
 

a.  29 CFR 1926.33 "Access to Employee Exposure and Medical 
Records". 

 
 b.  29 CFR 1926.51, "Sanitation Standard". 

 
 c.  29 CFR 1926.59, "Hazard Communication". 

 
 d.  29 CFR 1926.62, "Lead". 

 
 e.  29 CFR 1926.103 "Respiratory Protection". 

 
3. 40 CFR 50, "National Primary and Secondary Ambient Air Quality 
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Standards" 
 

a. 40 CFR 50 Appendix B, "Reference Method for the Determination 
of Suspended Particulate Matter in the Atmosphere (High Volume 
Method)". 

 
b.  40 CFR 50 Appendix G, "Reference Method for the Determination 

of Lead in Suspended Particulate Matter Collected from Ambient 
Air". 

 
4. 40 CFR 58, "Ambient Air Quality Surveillance". 
 
5. 40 CFR 60 Appendix A, "Visual Determination of Fugitive Emissions from 

Material Sources and Smoke Emissions from Fires". 
 

6. 40 CFR 117, "Determination of Reportable Quantities for Hazardous 
Substances". 

 
7. 40 CFR 122, "Administered Permit Program:  The National Pollutant 

Discharge Elimination System". 
 

B. National Institute for Occupational Health and Safety 
 
 NIOSH Method 7082, "Lead" (or equivalent). 
  
C. American Society for Testing and Materials 

 
ASTM D3335, "Test Method for Low Concentrations for Lead, Cadmium, and 
Cobalt in Paint by Atomic Absorption Spectroscopy." 

 
D.  EPA (Environmental Protection Agency) Publications 

 
1.  SW-846, "Test Methods for Evaluating Solid Waste - Physical/Chemical 

Methods". 
 
2.  EPA Method 3050, "Acid Digestion of Sediments, Sludges, and Soils". 

 
E. SSPC Guide 6, "Guide for Containing Debris Generated During Paint Removal 

Operations". 
 

F. SSPC Guide 7, "Guide for the Disposal of Lead Contaminated Surface 
Preparation Debris". 

 
  G. SSPC Publication 91-18, "Industrial Lead Paint Removal Handbook". 
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  H. Texas Commission on Environmental Quality 
 

1. Texas Administrative Code (TAC) 30, Chapter 101, "General Rules". 
 

2. Texas Administrative Code (TAC) 30, Chapter 111, "Control of Air 
Pollution from Visible Emissions and Particulate Matter". 

 
3. Texas Administrative Code (TAC) 30, Chapter 290, "Water Hygiene". 
 
4. Texas Administrative Code (TAC) 30, Chapter 307, "Surface Water Quality 

Standards". 
 
5. Texas Administrative Code (TAC) 30, Chapter 309, "Effluent Limitations". 
 
6. Texas Administrative Code (TAC) 30, Chapter 335, "Industrial Solid Waste 
           and Municipal Hazardous Waste". 

 
1.04 SUBMITTALS 
 

A.  Submittals shall conform to requirements of Section 01330 – Submittal 
Procedures. 

 
 B. Submittals shall conform to appropriate codes for regulatory requirements. 
 
1.05 DEFINITION 
 

A. Acceptance Criteria:  Minimum standards for the content of programs, plans, 
procedures, and designs required by this specification for the performance of this 
project.  Acceptance criteria will be the basis for judging the responsiveness of 
Contractors' programs and will also be used as a basis for suspending work, if 
necessary. 

  
B. Action Level:  Employee exposure, without regard to the use of respirators, to an 

airborne concentration of lead of 30 micrograms per cubic meter of air (μg/m3) 
calculated as an eight hour time-weighted average (TWA). 

 
C. CERCLA:  Comprehensive Environmental Response, Compensation, and Liability 

Act; commonly called Superfund.  Federal laws addressing the clean up of 
hazardous waste sites.  Amended in 1986 by Superfund Amendments and Re-
Authorization Act (SARA).  EPA implementing regulations are contained in 40 
CFR 300-373. 

 
D. Competent Person:  One who is capable of identifying existing and predictable 

lead hazards in the surroundings or working conditions and who has authorization 
to take prompt corrective measures to eliminate them. 
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E. Containment System:  An enclosure built around lead paint removal areas 
designed to contain lead paint debris and prevent emissions to the environment.  

 
F. Dust Collection: Mechanical ventilation system designed specifically for the 

containment, capture, and removal of airborne particulate from the containment.  
Dust collection systems shall include ductwork, plenums and/or hoppers, and 
dust collector(s) for the removal of leaded paint dust from the air stream prior to 
discharging to the atmosphere. 

 
G. Emission:  A release of material to the air, water, or ground. 
 
H. Entry/Exit Airlock:   An isolated enclosure located at the entrance of the 

containment in which the workers remove contaminated dust and debris from 
their work clothes. 

 
I. EPA:  The US. Environmental Protection Agency.  Regulations are contained in 

Title 40 of the Code of Federal Regulations (40 CFR). 
 
J. Hazardous Waste (lead paint debris):  Waste that is classified as hazardous due 

to its concentrations of regulated hazardous substances.  Paint debris is 
classified as hazardous waste if, after testing by the Toxicity Characteristic 
Leaching Procedure (TCLP), the leachate contains any of the 8 metals or other 
substances in concentrations at or above limits established in 40 CFR 261. 

 
K. HEPA:  A high efficiency particulate filter (HEPA) that  is 99.97% efficient against 

particles of 0.3 microns in size or larger. 
 
L. Lead Containing Dust and Debris:  Dust and debris generated during the project 

which contains lead in any amount, including but not limited to pulverized paint, 
spent abrasive, filters (wet and dry), and containment materials upon which lead 
is still present. 

 
M. NIOSH:  National Institute of Occupational Safety and Health. 
 
N. OSHA:  Occupational Safety and Health Administration.  Standards are contained 

in Title 29 of the Code of Federal Regulations, Parts 1910 and 1926 (29 CFR 
1910 and 29 CFR 1926). 

 
O. Owner: The City of Houston 
 
P. PEL:  Permissible Exposure Limit.  An employee exposure, without regard to the 

use of respirators, to an airborne concentration of lead of 50 μg/m3 over an 8 
hour TWA. 

 
Q. POTW:  Publicly Owned Treatment Works 
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R. RCRA:  Resource Conservation and Recovery Act.  Federal law pertaining to 

hazardous waste management.  EPA implementing regulations are contained in 
40 CFR 240-280. 

 
S. Regulated Area:  Area established by the Contractor to demarcate the zone(s) 

beyond which airborne concentrations of lead do not exceed the Action Level.  
 
T. SSPC:  Society for Protective Coatings.  An independent, non-profit organization 

of engineers, technical specialists, and Contractors whose goal is research and 
development of new coatings and methods for removal, application, and disposal 
of existing coatings on industrial structures. 

 
U. Tarpaulins:   Flexible fabric, vinyl, plastic or canvas cover sheets, impenetrable to 

dust, wind, and water, used to enclose the cable and/or scaffold support system 
comprising the containment enclosure. 

 
V. TCLP:  Toxicity Characteristic Leaching Procedure.  Laboratory tests conducted 

on wastes that determine the amount of hazardous materials that leach out into a 
test solution.  The test is intended to simulate the properties of water as it leaches 
through a solid waste landfill.   TCLP testing is defined in 40 CFR 261, Appendix 
II. 

  
W. TSP:  Total Suspended Particulate 
 

 
PART 2 PRODUCTS 
 
2.01 MATERIAL AND EQUIPMENT 
 

A. The Contractor is to supply materials and equipment to insure the safety and 
protection of workers and the environment in accordance with these 
specifications. 

 
PART 3 EXECUTION 
 
3.01 ENVIRONMENTAL PROTECTION AND MONITORING 
 

NOTE:  Section 09971 "Painting and Protective Coatings", 2.04  "Containment     
System”  specifically identifies containment system requirements. 

 
A. Protection of Ambient Air:  Visible emissions are to be controlled to meet, as a 

minimum, TAC 30 Chapter 111," Control of Air Pollution from Visible Emissions 
and Particulate Matter" requirements and SSPC-Guide 6I (CON), Level 1 
Emissions.  Air monitoring and analysis may be performed by the City during 
abrasive blast cleaning operations.  Such monitoring will be in accordance with 40 
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CFR 50, Appendix B, "Reference Method for the Determination of Suspended 
Particulate Matter in the Atmosphere" and/or 40 CFR 50, Appendix G, "Reference 
Method for the Determination of Lead in Suspended Particulate Matter Collected 
from Ambient Air".  The limits for down wind pollutant concentrations allowed 
during blasting operations are as follows: 

 
PM-10:  450 micrograms/cubic meter/ 8 hr..  (40 CFR 50.6) 

 
Lead (Pb):  13.5 micrograms/cubic meter/8 hr..  (40 CFR 50.12) 

 
Visible emissions and/or monitored emissions for PM-10 and TSP lead in excess 
of the above levels shall be cause for shut down of the project until corrections to 
control/ containment system or paint removal/ surface preparation operations are 
made to comply with these requirements. 

 
 B. Protection of Surface and Storm Water:  The Contractor shall take all necessary 

precautions to ensure lead contaminants do not enter surface waters or storm 
water drainage systems. 

 
1. The Contractor shall protect the area around ditches and drainage inlets. 

Daily verification of proper protection to minimize the potential 
contaminants reaching the drainage system shall be performed. 

 
2. The Contractor shall collect all potentially contaminated process waters for 

testing and, as appropriate, treatment.  Process water from pressure 
washing, wet abrasive blast cleaning or hygiene facilities shall not be 
discharged to drainage systems or surface waters. 

 
3. The Contractor may remove lead or other heavy metals from such waters 

through filtration, ion exchange or other approved means.  Following 
treatment, water samples must be tested prior to disposal.  Discharge to 
sanitary sewer lines requires authorization, in writing, from a POTW. 

 
C. Protection of Soil and Grounds:  The Contractor shall protect the soil around the 

structure to ensure that the soil does not become contaminated.  Where lead is 
present in the coatings to be removed, as indicated in Section 02136 "Waste 
Material Handling and Disposal", the Contractor shall provide for the sampling 
and analysis of soil samples for total lead content. 

 
1. Sampling and analysis shall be performed prior to commencement of paint 

removal operations to establish a background "base level".  Soil samples 
shall be taken 3 feet from the base of the tank(s), at a distance of 6-10 feet 
beyond the proposed containment structure and at the property line. 

 
2. Samples from each area shall be taken in a minimum of four directions, at 
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circular increments of 900, one of which shall include the direction of 
prevailing wind.  Samples shall also be obtained, at the direction of the 
engineer, at the closest points of public access (i.e. housing, park, school). 

 
3. The soil sampling procedure shall be as outlined in SSPC Guide 6 Section 

5.5.5.  Each sampling point shall be sufficiently identified on a site map to 
allow return to the exact location upon project completion. 

 
4. Each sample shall be split in two portions, one for immediate analysis and 

the other sealed, preserved and furnished to the Engineer.  The samples 
shall be analyzed in accordance with EPA Method 3050, "Acid Digestion of 
Sediments, Sludges and Soils", and shall be performed by a qualified 
laboratory approved by the Engineer. 

 
 
5. Samples shall be obtained at the completion of work (post-construction 

samples) from all locations from which pre-construction samples were 
obtained.  Samples shall be collected, handled and tested in the same 
manner as described above. 

 
6. Upon completion of the work, soils found to be contaminated with lead in 

greater quantity than found in the background "base level", established at 
the start of the work, shall be removed by the Contractor to the depth 
necessary to achieve a lead content equivalent to, or below, the pre-
construction back ground levels.  Disposal shall be in accordance with 
applicable regulations.   

 
7. The Contractor shall replace in-kind (i.e., topsoil, structural fill, etc.) with an 

equivalent amount of non-contaminated soil, compact in place and grade 
to pre-existing conditions.  The Contractor shall also replace in-kind any 
surface improvements, such as grass, shrubs, etc. that were damaged or 
destroyed by the work.  The soil removal, replacement and related work is 
to be performed by the Contractor at no additional cost to the Owner. 

 
3.02 WORKER PROTECTION 
 

A. The Contractor shall develop a written Compliance Program to establish and 
implement practices and procedures for assuring that no employee is exposed to 
lead at concentrations greater than 50 micrograms per cubic meter of air (μg/m3), 
the OSHA permissible exposure limit (PEL).  This program is in addition to other 
OSHA hazard communication and safety and health requirements of the project, 
and shall be revised and updated at least every six months. 

 
1. The program shall establish methods for complying with this specification 

and the OSHA Construction Industry Lead Standard, 29 CFR 
1926.62(e)(2)(ii).  The Federal regulation is referred to as the "Lead 
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Standard" for the purpose of this specification.  
 
2. The program shall apply to all Contractor employees associated with lead 

on the project, and to subcontractors working under the direct control of 
the Contractor who are associated with lead on the project.  

 
3. The program shall assign the specific responsibility for implementation and 

enforcement of the program to the Contractors' company management.  
The Contractor's Competent Person(s) shall be identified, by name, and 
qualifications submitted.  The Competent Person shall be on-site during 
any operations which involve the removal, handling or disturbing of lead 
containing materials. 

 
4. The program shall contain a description of each activity in which lead is 

emitted (e.g. equipment used, material involved, controls in place, crew 
size, employee job responsibilities, operating procedures and maintenance 
practices). 

 
5. The program shall contain a report of the technology considered in 

meeting the PEL and air monitoring data which documents the source of 
lead emissions. 

 
6. The program shall contain a work practice program which includes items 

required in the lead standard such as protective clothing and equipment, 
housekeeping, and hygiene facilities and practices. 

 
B. Exposure Monitoring:  The Contractor shall be responsible for conducting and 

reporting worker exposure assessments in accordance with 29 CFR 1926.62. 
 

1. Representative personal air samples shall be collected at the beginning of 
the lead removal work to determine employee lead exposures.  Tasks 
involving potential lead exposure include, but are not limited to, paint 
removal operations, clean-up, and debris handling operations.  Full shift 
(at least 7 hours) air samples shall be collected for each job classification 
in the exposure area.  The range of exposures for lead removal and 
cleanup activities shall be determined. 

 
2. During the initial monitoring, workers performing the following activities (or 

equivalent) shall be protected to the anticipated exposure levels which are 
dictated by the lead standard: 

 
a. 500 μg/m3 :  Manual demolition of structures containing lead-

containing coatings or paint (e.g., dry wall), manual scraping, 
manual sanding, heat gun applications, power tool cleaning with 
dust collection systems, and spray painting with lead paint. 
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b. 2,500 μg/m3 :  Using lead-containing mortar, lead burning, or 

conducting the following activities where lead-containing coatings 
or paint are present:  rivet busting, power tool cleaning without dust 
collection systems, clean-up activities where dry expendable 
abrasives are used, and the movement and removal of abrasive 
blasting enclosures. 

 
c. More than 2,500 μg/m3:  Activities involving lead containing 

coatings or paint on structures disturbed by abrasive blasting, 
welding, cutting, and torch burning. 

 
3. Protection requires compliance with the necessary respiratory protection, 

personal protective clothing and equipment, change areas and washing 
facilities, blood lead and zinc protoporphyrin monitoring, and employee 
training.  The protection measures shall be modified, as necessary, after 
the exposure results are received. 

 
4. Where initial monitoring indicates that lead exposures are below the Action 

Level, and where work activities and conditions remain the same as at the 
time of initial sampling, additional monitoring need not be repeated for that 
work activity. 

 
 
5. Where the initial monitoring of a given work activity indicates that lead 

exposures are at or above the Action Level, additional exposure 
monitoring shall be conducted monthly.  The monthly monitoring is more 
frequent than frequencies established in the lead standard which are at 
least every 6 months if above the Action Level, but below the PEL, or 
every 3 months if above the PEL. 

 
6. All air samples shall be collected and analyzed according to NIOSH 

Method 7082, or equivalent.  All samples shall be analyzed by laboratories 
accredited by the American Industrial Hygiene Association for metals 
analysis.  

 
7. All exposed employees shall be notified in writing of the monitoring results 

within five (5) days after receiving the results. 
 
8. The Action Level for airborne lead exposure is 30 μg/m3, as an 8-hour time 

weighted average (TWA) concentration, without regard to the use of 
respirators.  Whenever workers' airborne lead exposures exceed the 
Action Level, the Contractor shall implement the following: 

 
a. Periodic Exposure Monitoring 
b. Employee Information and Training 
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c. Employee Medical Surveillance and Medical Removal Protection 
d. Housekeeping 
e. Record keeping 
f. Signs and Regulated Areas 

 
9. The Permissible Exposure Limit (PEL) for airborne lead exposure is 50 

μg/m3, as an 8-hour TWA concentration.  When the work area contains 
airborne lead levels above the PEL the Contractor shall implement the 
following in addition to those items listed in 3.02.B.8 of this section: 

 
a. Compliance Program  
b. Respiratory Protection 
c. Protective Clothing and Equipment 
d. Hygiene Facilities and Practices 

 
C. Respiratory Protection:  After feasible engineering controls and work practices 

have been implemented, respiratory protection shall be used to maintain 
employees' lead exposures below the PEL. 
1. Respirators shall be worn by all employees, other Contractors, inspectors, 

or observers who enter regulated areas. 
 
2. The Contractor shall develop a written Respiratory Protection Program in 

compliance with 29 CFR 1910.134, paragraphs (b), (d), (e), and (f), and 
the lead standard.  The program shall address the selection, use, 
maintenance, and inspection of respirators, and qualifications for respirator 
users. 

 
D. Protective Clothing and Equipment:  The Contractor shall provide protective 

clothing and equipment and ensure they are worn by all employees whose lead 
exposures exceed the PEL, or who enter regulated areas.   

  
1. Protective clothing shall include washable and/or disposable full body 

coveralls, gloves, foot coverings, and hoods.  Other protective equipment 
shall include face shields, hard hats, eye protection, and hearing 
protection as appropriate. 

 
2. Disposable protective clothing shall be used for no more than one work 

day.  Such clothing may have to be disposed of as hazardous waste.   
 
3. Reusable protective equipment shall be cleaned or replaced weekly if 

exposure levels are less than 200 μg/m3, or daily if the exposure levels are 
greater than or equal to 200 μg/m3.  

 
4. Clothing shall not be removed or "cleaned" by any means which could 

reintroduce the lead dust into the ambient air.  This includes brushing, 
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shaking, and blowing.  Vacuums equipped with HEPA filters shall be used 
for this purpose. 

 
5. Reusable coveralls shall be collected at the end of each work day in 

closed containers. The containers shall be labeled in accordance with the 
requirements of 29 CFR 1926.62(g)(2)(vii).  Contaminated clothing shall 
be cleaned in accordance with all applicable Federal, State, or local 
regulations pertaining to lead-contaminated laundry and water discharge.  
Laundries shall be informed that the clothing contains lead.  If the clothing 
is washed on site, the discharge water shall be filtered, containerized, and 
arrangements made with the local POTW or other approved means of 
proper disposal.  

 
6. Protective clothing and equipment shall be removed in the contaminated 

section of the change area and shall not be worn into any clean areas. 
 
7. The Contractor shall provide the necessary clothing and equipment for use 

by the Owner and its designated representatives. 
 

E. Housekeeping:  Accumulations of lead-containing dust and debris generated by 
work activities shall be removed and cleaned daily. 

 
1.  All persons doing the cleanup shall be trained in performing lead activities, 

respirator qualified, and participate in the medical surveillance program.  
Respirators and protective clothing shall be worn by all persons doing the 
cleanup. 

 
2.  Compressed air may be used for housekeeping if used within containment 

and in conjunction with a ventilation system designed to capture the dust.  
Otherwise, HEPA-filtered vacuum cleaners shall be employed.  

 
3.  All lead-containing dust and debris shall be collected in sealed containers. 

 The waste shall be tested to determine whether it will be disposed of as 
hazardous waste. 

 
F. Personal Hygiene Facilities and Practices 

 
1. Clean change areas shall be provided when employees' lead exposures 

exceed the PEL.  The change areas shall be equipped with storage 
facilities for street clothing and a separate area for the removal and 
storage of lead-contaminated clothing and equipment. They shall be 
designed and used so that contamination of street clothing does not occur. 
 Employees shall not leave the project site wearing any clothing worn while 
performing lead activities.  Airborne lead exposures in the change area 
shall be maintained below the Action Level. 
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2. Shower facilities shall be provided whenever employees' lead exposures 
exceed the PEL.  Shower facilities shall comply with OSHA Sanitation 
Standard, 29 CFR 1929.51.  All employees whose lead exposures exceed 
the PEL shall shower at the end of each work shift or before leaving the 
project area.  The shower facilities shall be made available for use by the 
Owner and its representatives, such as inspectors or observers.   

 
3. Arrangements shall be made with the local POTW for the proper disposal 

of the shower and wash water after filtration (e.g., through a three stage 
100, 50, and 5 micron filtering system), ion exchange, or other approved 
treatment technology. 

 
4. Clean lunch areas shall be provided for all employees whose lead 

exposures exceed the PEL.  Employees shall remove or clean (by 
vacuuming) their protective clothing and wash their hands and face before 
entering the lunch area.  Lead exposures in the lunch area shall be 
maintained as free as practicable from lead contamination. 

 
5. An adequate number of clean lavatory and hand washing facilities shall be 

provided.  These shall comply with the OSHA Sanitation Standard, 29 
CFR 1929.51.  

 
6. Eating, drinking, smoking, chewing of food or tobacco products, or the 

application of cosmetics shall not be permitted in any areas where the lead 
exposures exceed the PEL.  Thorough washing of hands and face is 
required prior to undertaking any of these activities. 

 
G. Medical Surveillance and Medical Removal Protection 

 
1. All employees who are exposed to lead above the Action Level in a single 

day during this project shall be provided with initial and periodic medical 
examinations and blood lead tests as required by the lead standard.  A 
final blood lead test shall be provided for each worker upon completion of 
the project, or at any time a worker's employment at the project ceases.   

 
2. When blood lead levels over 50 μg/dl are encountered, the Contractor 

shall provide for the temporary removal of employees from lead exposure 
above the Action Level.  The required medical surveillance and periodic 
blood lead tests shall be provided in strict accordance with the lead 
standard throughout the removal. 

 
3. Employees who will be required to wear a respirator or who request one 

shall be provided with a respirator and the necessary medical 
examinations to determine their ability to wear a respirator. 
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4. All examinations shall be provided by the Contractor and shall be 
performed by or under the direct supervision of a licensed physician. 

 
H. Employee Information and Training 

 
1. The Contractor shall provide lead training for all employees who are 

exposed to lead above the Action Level for this project. 
 
2. The content of lead training shall include, as a minimum, those items listed 

in the lead standard. 
 
3. Training shall also include hazard communication in accordance with 29 

CFR 1926.59.   
 
4. The Contractor shall notify other employers at the project site of the nature 

of the lead exposure work, the need to remain out of exposure areas, the 
warning sign and labeling system in effect, and the potential need for them 
to take measures to protect their employees. 

 
I. Signs and Regulated Areas 

 
1. The Contractor shall establish a regulated area surrounding activities 

where lead exposures exceed the Action Level.  This includes locations 
where lead-containing debris is handled or transferred to storage 
containers.   

 
2. The regulated area shall be demarcated by ropes, tape, walls, or 

containment's with caution signs posted at all accessible sides.  Signs 
shall contain the legend:  

 
WARNING 

LEAD WORK AREA 
POISON 

NO SMOKING OR EATING 
 

3. The Contractor shall control access of persons into regulated areas.  
Access shall be limited to individuals with proper training and personal 
protective equipment, and medical surveillance testing. 

 
4. All persons entering regulated areas shall wear protective clothing and 

respirators. 
 
5. Eating, drinking, smoking, and chewing of food or tobacco products shall 

be prohibited in regulated areas and in any area where lead exposures 
exceed the Action Level. 
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J. Record keeping:  All records relating to training, medical examinations, blood lead 
monitoring, and exposure monitoring shall be maintained by the Contractor as 
required by the lead standard.  All records shall be available for review by the 
Owner or its representative upon request.  

 
3.03 CERTIFIED INDUSTRIAL HYGIENIST (CIH) 
 

A. The Contractor shall provide for the services of a Certified Industrial Hygienist 
(CIH) who must be certified by the American Board of Industrial Hygiene in 
comprehensive practice. 

 
B. Duties of the CIH shall be as follows: 

 
1. Conduct and/or verify training for contractor employees in accordance with 

29 CFR 1926.62 (l). 
  
2. Review and approve Contractor's Written Compliance Plan for 

conformance to 29 CFR 1926.62(e)(2)(ii) and this Specification. 
3. Monitor and evaluate work weekly to assure conformance with the 

approved plan and that hazardous exposure is adequately controlled in 
accordance with worker safety and health requirements of these 
specifications 

 
4. Provide monthly reports of work compliance with control requirements in 

regards to working in a lead environment. 
 

C. Activities of the CIH shall include: 
 

1. Meet with City to discuss details of Contractor's Written Compliance Plan 
for lead paint removal. 

 
2. Ensure worker and area air monitoring, testing and reporting are 

conducted by or under the direction of the CIH. 
 
3. Furnish a detailed worker and area air monitoring schedule coordinated 

with Contractor's proposed production schedule. 
  
4. Directing, monitoring and inspecting lead paint removal work to ensure 

that the requirements of the Contract have been satisfied during the entire 
lead paint removal operation. 

 
5. Report results of air monitoring samples to the Engineer, signed by the 

CIH within 48 hours after the air samples are taken. 
 
6. The CIH shall review sampling data, collected on a day when lead paint 
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removal operations occur, to determine if conditions require any change in 
work methods.  Removal work shall not continue until approval is given by 
the CIH. 

 
7. The CIH shall verify in writing and submit monitoring data to verify that: 

 
a. Air borne lead levels at and beyond the lead control (regulated) 

area were and remained less than 30 mg/m3 of air 
 
b. Contractor conformance to 29 CFR 1926.62 and Item 3.02, above 
 
c. There were no visible accumulations of lead contaminated paint, 

dust or debris on the work site.  Adjacent areas that may have 
become contaminated were properly cleaned and inspected. 

  
d. The CIH shall verify that the work area and contractor's equipment 

have been adequately cleaned of lead contamination prior to 
demobilization from the work site. 

 
3.04 DEMOBILIZATION 

 
The Contractor shall not remove the lead control area, boundaries, warning signs, 
etc. prior to proper removal of all hazardous wastes, debris and materials from 
the site and the City's receipt and acceptance of the CIH's verification. 

 
 

END OF SECTION 



G E N E R A L 
 

      Section 01410 

     TPDES REQUIREMENTS 

1.01  SECTION INCLUDES 

A.  Documentation to be prepared and signed by Contractor/Operator before 
 conducting construction operations, in accordance with the Texas Pollutant 
 Discharge Elimination System (TPDES) Construction General Permit Number 
 TXR 150000 issued February 15, 2008 (the Construction General Permit).  

 
B.  Implementation, maintenance inspection, and termination of storm water  

pollution prevention control measures including, but not limited to, erosion  
and sediment controls, storm water management plans, waste collection and 
disposal, off-site vehicle tracking, and other appropriate practices shown on  
the Drawings or specified elsewhere in the Contract.  

C.  Review of the Storm Water Pollution Prevention Plan (SWP3) implementation 
in a meeting with Project Manager prior to start of construction.  

1.02 DEFINITIONS 

A.  Commencement of Construction Activities: The exposure of soil resulting 
from activities such as clearing, grading, and excavation activities, as well as  

       other construction related activities (e.g., stock piling of fill material, demolition).  

B. Large Construction Activity: Project that:o 

1. disturbs five acres or more, or 

2. disturbs less than five acres but is part of a larger common plan of 
development that will disturb five acres or more of land.  

C.  Small Construction Activity: Project that:  

1. disturbs one or more acres but less than five acres, or 

2. disturbs less than one acre but is part of a larger common plan of  
development that will ultimately disturb one or more acres but less than 
five acres.  
 

D. TPDES Operator: 
 

Operator - The person or persons associated with a large or small construction 
 activity that is either a primary or secondary as defined below: 
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Primary Operator – the person or persons associated with a large or small  
construction activity that meets either of the following two criteria: 

 
(a) the persons have operational control over construction plans and specifications, 

including the ability to make modifications to those plans and specifications; or  
 

(b) the person or persons have day-to-day operational control of those activities  
 at a construction site that are necessary to ensure compliance with a storm  
 water pollution prevention plan (SWP3) for the site or other permit conditions  
 (e.g., they are authorized to direct workers at a site to carry out activities required 
  by the SWP3 or comply with other permit conditions). 

 
Secondary Operator – The person whose operational control is limited to the 
employment of other operators or to the ability to approve or disapprove changes  
to plans and specifications. A secondary operator is also defined as a primary operators 
if there are no other operators if there are no other operators at the construction site. 

 
PART 2 P R O D U C T S - Not Used 
 
PART 3 E X E C U T I O N 
 
3.01 SITE SPECIFIC STORM WATER POLLUTION PREVENTION PLAN (SWP3)  

 
A. Prepare a SWP3 following Part III of the Construction General Permit and the  

Storm Water Management Handbook for Construction Activities issued under  
City Ordinance Section 47-695(b). If conflicts exist between the Construction  
General Permit and the handbook, the more stringent requirements will apply.  

 
B. Update or revise the SWP3 as needed during the construction following Part 

III, Section E of the Construction General Permit.  
 
C. Submit the SWP3 and any updates or revisions to Project Manager for review 

and address comments prior to commencing, or continuing, construction  
activities.  

 
3.02 NOTICE OF INTENT For Large Construction Activity 

 
A. Fill out, sign, and date TCEQ Form 20022 (03/05/2008) Notice of Intent (NOI) for  

Storm Water Discharges Associated with Construction Activity under the  
TPDES Construction General Permit (TXR 150000), ATTACHMENT 1 of this 
Section 01410.  

 
B. Transmit the signed Contractor’s copy of TCEQ Form 20022 (03/05/2008), along 

with a $325.00 check, made out to Texas Commission on Environmental  
Quality, and the completed Payment Submittal Form to Project Manager.  
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C. Project Manager will complete a separate TCEQ Form 20022 (03/05/2008) for  

City’s Notice of Intent, and will submit both Notices, along with checks for 
application fees, to the TCEQ.  

D. Submission of the Notice of Intent form by both the City and Contractor to 
TCEQ if mailing is required a minimum of seven days before Commencement of  
Construction Activities.  
 

3.03 CONSTRUCTION SITE NOTICE FOR SMALL CONSTRUCTION ACTIVITY 
 
A. Fill out, sign, and date the Construction Site Notice, Attachment 2 to TPDES  

General Permit TXR 150000, “Construction Site Notice”, ATTACHMENT 2 of 
this Section 01410.  

B. Transmit the signed Construction Site Notice to Project Manager at least 
seven days prior to Commencement of Construction Activity.  

3.04 CERTIFICATION REQUIREMENTS 

A. Fill out TPDES Operator’s Information form, ATTACHMENT 3 of this Section  
01410, including Contractor’s name, address, and telephone number, and the 
names of persons or firms responsible for maintenance and inspection of  
erosion and sediment control measures. Use multiple copies as required to  
document full information.  

B. Contractor and Subcontractors shall sign and date the Contractor’s /  
Subcontractor’s Certification for TPDES Permitting, ATTACHMENT 4 of this  
Section 01410. Include this certification with other Project certification forms. 

C. Submit properly completed certification forms to Project Manager for review 
before beginning construction operations.  

D. Conduct inspections in accordance with TCEQ requirements. Ensure  
persons or firms responsible for maintenance and inspection of erosion and  
sediment control measures read, fill out, sign, and date the Erosion Control  
Contractor’s Certification for Inspection and Maintenance. Use the City of Houston 

 Storm Water Pollution Prevention Plan, Construction Site Inspection Report,           
 ATTACHMENT 5 of this Section 01410 to record maintenance inspections and 
 repairs.  

 
3.05 RETENTION OF RECORDS 
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A. Keep a copy of this document and the SWP3 in a readily accessible location  
at the construction site from Commencement of Construction Activity until  
submission of the Notice of Termination (NOT) for Storm Water Discharges  
Associated with Construction Activity under TPDES Construction General  
Permit (TXR 150000). Contractors with day-to-day operational control over  
SWP3 implementation shall have a copy of the SWP3 available at a central  
location, on-site, for the use of all operators and those identified as having  
responsibilities under the SWP3. Upon submission of the NOT, submit all  
required forms and a copy of the SWP3 with all revisions to Project Manager. 

 

3.06 REQUIRED NOTICES 

A. Post the following notices from effective date of the SWP3 until date of final 
site stabilization as defined in the Construction General Permit:  

1. Post the TPDES permit number for Large Construction Activity, with a  
signed TCEQ Construction Site Notice for large or Small Construction Activity.  
Signed copies of the City’s and Contractor’s NOI must also be posted. 

2. Post notices near the main entrance of the construction site in a  
prominent place where it is safely and readily available for viewing by  
General Public, Local, State, and Federal Authorities. Post name and telephone  
number of Contractor’s local contact person, brief project description and  
location of the SWP3.  
 
a. If posting near a main entrance is not feasible due to safety  

concerns, coordinate posting of notice with Project Manager to  
conform to requirements of the Construction General Permit.  

 
b. If Project is a linear construction project (e.g.: road, utilities,  

etc.), post notice in a publicly accessible location near active  
construction. Move notice as necessary.  

3. Post a notice to equipment and vehicles operators, instructing them to 
stop, check, and clean tires of debris and mud before driving onto  
traffic lanes. Post at each stabilized construction access area.  

4. Post a notice of waste disposal procedures in a readily visible location 
on site.  

3.07 ON-SITE WASTE MATERIAL STORAGE 

A. On-site waste material storage shall be self-contained and shall satisfy 
appropriate local, state, and federal rules and regulations.  
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B.      Prepare list of waste material to be stored on-site. Update list as necessary to 
       include up-to-date information. Keep a copy of updated list with the SWP3.  

C. Prepare description of controls to reduce pollutants generated from on-site  
 storage. Include storage practices necessary to minimize exposure of  

materials to storm water, and spill prevention and response measures  
 consistent with best management practices. Keep a copy of the description 

with the SWP3.  

3.08 NOTICE OF TERMINATION  
 

A. Submit a NOT, ATTACHMENT 7 of this Section 01410, to Project Manager 
 within 30 days after: 
  

1.  Final stabilization has been achieved on all portions of the site that are the 
 responsibility of the Contractor; or  
 
2.  Another operator has assumed control over all areas of the site that have 

 not been stabilized; and  

3.  All silt fences and other temporary erosion controls have either been  
 removed, scheduled to be removed as defined in the SWP3, or transferred 
 to a new operator if the new operator has sought permit coverage.  

B. Project Manager will complete City’s NOT and submit Contractor and City’s 
 notices to the TCEQ and MS4 entities.  

  END OF SECTION 
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TPDES OPERATOR’S INFORMATION 

Owner’s Name and Address: City of Houston  

Mr. ___________________________________ 
(City Official)  

______________________________________ 
(Department)  
P. O. Box 1562  
Houston, Texas 77251-1562  
(713) 247-1000 

Contractors’ Names and Addresses: 

General Contractor: 

Telephone: 

Site Superintendent: 

Telephone: 

Erosion Control and  
Maintenance Inspection: 

Telephone: 

Subcontractors’ Names and Addresses: 

Phone: Phone: 

Note: Insert name, address, and telephone number of person or firms  
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CONTRACTOR’S / SUBCONTRACTOR’S  

CERTIFICATION FOR TPDES PERMITTING 

I certify under penalty of law that I understand the terms and conditions of TPDES  
General Permit No. TXR150000 and the Storm Water Pollution Prevention Plan for the 
construction site identified as part of this certification.  

Signature: 
Name: (printed or typed) 

Title: 
Company: 

Address: 
Date: 

Signature: 
Name: (printed or typed) 

Title: 

Company: 
Address: 
Date: 

Signature: 
Name: (printed or typed) 

Title: 
Company: 
Address: 

Date: 
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TPDES/EPA Permit Number __________ 

COH Storm Water Quality Permit Number __________ 
DATE __________ 

  No exceptions noted.  
The following must be corrected prior to continuing work:  
  Public Notice improperly posted  
  Initial Construction Site Inspection Report information requires updating 
  Copy of NOI not on site  
  Storm water pollution prevention plan not on site  
  Erosion and sediment controls improperly installed  
  Erosion and sediment control devices improperly maintained  
  Fueling or washout areas not properly protected  
  Portocan or other sanitary facilities not properly protected  
  Self-inspection and maintenance records incomplete  
  Sediment from site outside area of construction  
  Other (see description below)  

Please contact the Storm Water Quality Engineer at 
611 Walker, RA-257, Houston TX 77002  

713-837-7383 fax 713-837-0570  

Once the above items have been corrected, call to arrange for reinspection. No further  
inspections for any construction related activity shall be made until the above items have been 
corrected.  

Inspector's Signature Contractor’s Signature 

Inspector's Name Contractor’s Name 
  not present

TPDES REQUIREMENTS 
CITY OF HOUSTON  
STANDARD GENERAL REQUIREMENT  

ATTACHMENT 6 

City of Houston  
Storm Water Pollution Prevention Plan  
Construction Site Inspection Report  

Distribution Stormwater Quality Engineer, Code Enforcement, Inspector, Operator  
(Operator is Contractor)  
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Section 01422

REFERENCE STANDARDS

PART 1   G E N E R A L

1.01 SECTION INCLUDES

A. Section includes general quality assurance as related to Reference 
Standards and a list of references.

1.02 QUALITY ASSURANCE

A. For Products or workmanship specified by association, trade, or Federal 
Standards, comply with requirements of the standard, except when more rigid 
requirements are specified or are required by applicable codes.

B. Conform to reference standard by date of issue current on the date as stated 
in the General Conditions.

C. Request clarification from Project Manager before proceeding should 
specified reference standards conflict with Contract documents.

1.03 SCHEDULE OF REFERENCES

AASHTO American Association of State Highway
and Transportation Officials
444 North Capitol Street, N.W.
Washington, DC  20001

ACI American Concrete Institute
P.O. Box 9094
Farmington Hills, MI  48333-9094

AGC Associated General Contractors of America
333 John Carlyle Street
Alexandria, VA  22314

AI Asphalt Institute
Research Park Drive
P.O. Box 14052
Lexington, KY  40512
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AITC American Institute of Timber Construction
7012 S. Revere Parkway, Suite 140
Englewood, CO  80112

AISC American Institute of Steel Construction
One East Wacker Dr.
Chicago, IL  60601

AISI American Iron and Steel Institute
1101 17th Street NW, Suite 1300
Washington, DC  20036

ASME American Society of Mechanical Engineers
Three Park Avenue
New York, NY  10016

ANSI American National Standards Institute
1819 L Street NW
Sixth Floor
Washington, D.C.  20036

APA American Plywood Association
Box 11700
Tacoma, WA  98411

API American Petroleum Institute
1220 L Street, N.W.
Washington, DC  20005

AREA American Railway Engineering and Maintenance-of-Way-
Association
8201 Corporate Drive, Suite 1125
Landover, Maryland  20785

ASTM American Society for Testing and Materials
100 Barr Harbor Drive
West Conshohocken, PA  19428

AWPA American Wood-Preservers' Association
P.O. Box 5690
Granbury, TX  76049

AWS American Welding Society
550 NW 42nd Avenue
Miami, FL  33126
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AWWA American Water Works Association
6666 West Quincy Avenue
Denver, CO  80235

COH City of Houston
P.O. Box 1562
Houston, TX  77251-1562

CLFMI Chain Link Fence Manufacturers Institute
9891 Broken Land Parkway, Suite 300
Columbia, MD  21046

CRSI Concrete Reinforcing Steel Institute
933 Plum Grove Road
Schaumburg, IL  60173-4758

EJMA Expansion Joint Manufacturers Association
25 North Broadway
Tarrytown, NY  10591

FS Federal Standardization Documents
General Services Administration
Specifications Unit (WFSIS)
7th and D Streets, S.W.
Washington, DC  20406

ICEA Insulated Cable Engineer Association
P.O. Box 440
S. Yarmouth, MA  02664

IEEE Institute of Electrical and Electronics Engineers
445 Hoes Lane
P.O. Box 440
Piscataway, NJ  08855-459

ISA International Society of Arboriculture
P.O. Box 3129
Champaign, IL  61826-3129

MIL Military Specifications
General Services Administration
Specifications Unit (WFSIS)
7th and D Streets,  S.W.
Washington, DC  20406
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NACE National Association of Corrosion Engineers
1440 South Creek Drive
Houston, TX  77084-4906

NEMA National Electrical Manufacturers' Association
1300 North 17th Street, Suite 1847
Rosslyn, VA  22209

NFPA National Fire Protection Association
1 Batterymarch Park
P.O. Box 9101
Quincy, MA  02269-9101

OSHA Occupational Safety Health Administration
U.S. Department of Labor
Office of Public Affairs – Room N3647
Washington, DC  20210

PCA Portland Cement Association
5420 Old Orchard Road
Skokie, IL  60077-1083

PCI Prestressed Concrete Institute
209 W. Jackson Blvd.
Chicago, IL  60606

SDI Steel Deck Institute
P.O. Box 25
Fox River Grove, IL  60021

SSPC Society for Protective Coatings (Steel Structures
Painting Council)
40 24th Street, Sixth Floor
Pittsburgh, PA  15222

TAC Texas Administrative Code
Texas Water Resources Conservation Commission
P. O. Box 13087
Library MC-196
Austin, TX  78711-3087

TxDOT Texas Department of Transportation
125 East 11th Street
Austin, TX   78701-2483
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UL Underwriters' Laboratories, Inc.
333 Pfingston Road
Northbrook, IL  60062

UNI-BELL UNI-BELL Pipe Association
2655 Villa Creek Drive, Suite 155
Dallas, TX  75234

PART 2 P R O D U C T S -  Not Used

PART 3 E X E C U T I O N -  Not Used

END OF SECTION
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Section 01450

CONTRACTOR'S QUALITY CONTROL

PART 1 G E N E R A L

1.01 SECTION INCLUDES

A. Quality assurance and control of Installation and manufacturers’ field services 
and reports.

1.02 QUALITY ASSURANCE AND CONTROL OF INSTALLATION

A. Monitor quality control over Suppliers, manufacturers, Products, services, site 
conditions and workmanship, to produce work of specified quality at no 
additional cost to the City.

B. Comply fully with manufacturers’ Installation instructions, including each step 
in sequence.

C. Request clarification from Project Manager before proceeding when 
manufacturers’ instructions conflict with the Contract.

D. Comply with specified standards as minimum requirements for the Work
except when more stringent tolerances, codes, or specified requirements 
indicate higher standards or more precise workmanship.

E. Perform the Work by persons qualified to produce a specified level of 
workmanship.

1.03 REFERENCES

A. Obtain copies of standards and maintain at job site when required by 
individual Specification sections.

1.04 MANUFACTURERS’ FIELD SERVICES AND REPORTS

A. When specified in individual Specification sections, or as required by Project 
Manager, provide Product suppliers’ or manufacturers’ technical 
representative to observe site conditions, conditions of surfaces and 
Installation, quality of workmanship, start-up of equipment, operator training, 
testing, adjusting and balancing of equipment as applicable and to initiate 
required operation.  Conform to minimum time requirements for start-up
operations and operator training when provided in Specification sections.
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B. At Project Manager’s request, submit qualifications of manufacturers’ 
representative to Project Manager 15 days in advance of required 
representatives’ services.  Representative is subject to approval by Project 
Manager.

C. Manufacturer’s representatives shall report observations and site decisions or 
instructions given to applicators or installers that are supplemental or contrary 
to a manufacturer’s written instructions.  Submit report within 14 days of
observation to Project Manager for review.

PART 2 P R O D U C T S -  Not Used

PART 3 E X E C U T I O N -  Not Used

END OF SECTION
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Section 01452

INSPECTION SERVICES

PART 1 G E N E R A L

1.01 SECTION INCLUDES

A. Inspection services and references

1.02 INSPECTION

A. City Engineer will appoint an Inspector to represent the City and perform 
inspections, tests, and other services specified in individual Specification 
sections.

B. City Engineer may also appoint, employ, and pay an independent firm to 
provide additional inspection or construction management services as 
indicated in Section 01454 - Testing Laboratory Services.

C. The independent firm will submit reports to Project Manager, indicating 
observations and results of tests and indicating compliance or noncompliance 
with Contract requirements.

D. Contractor shall assist and cooperate with the Inspector; furnish samples of
materials, design mix, equipment, tools, and storage.

E. Contractor shall notify Project Manager 24 hours prior to expected time for 
operations requiring services.

F. Contractor shall sign and acknowledge reports for Inspector.

PART 2 P R O D U C T S -  Not Used

PART 3 E X E C U T I O N -  Not Used

END OF SECTION
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Section 01454

TESTING LABORATORY SERVICES

PART 1 G E N E R A L

1.01 SECTION INCLUDES

A. Testing laboratory services and Contractor responsibilities related to those 
services.

1.02 REFERENCES

A. ASTM C 1077 - Standard Practice for Laboratories Testing Concrete and 
Concrete Aggregates for Use in Construction and Criteria for Laboratory 
Evaluation.

B. ASTM D 3666 - Standard Specification for Minimum Requirements for 
Agencies Testing and Inspecting Bituminous Paving Materials.

C. ASTM D 3740 - Standard Practice for Minimum Requirements for Agencies 
Engaged in the Testing and/or Inspection of Soil and Rock as Used in 
Engineering Design and Construction.

D. ASTM E 329 - Standard Specification for Minimum Requirements for 
Agencies Engaged in the Testing and/or Inspection of Materials Used in 
Construction.

E. ISO/TEC Guide 25 - General Requirements for the Competence of 
Calibration and Testing Laboratories.

1.03 SELECTION AND PAYMENT

A. The City will select, employ, and pay for services of an independent testing
laboratory to perform inspection and testing identified in Part 3 of individual 
Specification sections. 

B. Contractor shall employ and pay for services of an independent testing 
laboratory or laboratories to perform inspection and testing identified in Part 2 
of individual Specification sections.

C. Employment of a testing laboratory by the City shall not relieve Contractor of 
its obligation to perform work in accordance with requirements of Contract 
documents.
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D. The City will deduct a minimum two-hour charge for testing laboratory time 
from periodic progress payment when operations requiring testing or 
inspection are canceled without prior notification.

E. The City will deduct cost of retesting from periodic progress payment 
whenever failed work is removed, replaced and retested.

1.04 QUALIFICATION OF LABORATORY

A. Meet laboratory requirements of ASTM E 329 and applicable requirements of 
ASTM C 1077, ASTM D 3666, and ASTM D 3740.

B. Meet ISO/TEC Guide 17025 conditions for accreditation by the American 
Association for Laboratory Accreditation (A2LA) in specific fields of testing 
required in individual Specification sections.

C. If laboratory subcontracts are part of the testing services, such work will be 
placed with a laboratory complying with the requirements of this Section.

1.05 LABORATORY REPORTS

A. Testing laboratory shall provide and distribute copies of laboratory reports to 
the distribution list Project Manager provides at the pre-construction
conference.

B. Keep one copy of each laboratory report distributed or faxed at the site field 
office for duration of the Work.

C. Laboratory will fax material supplier, Contractor and Project Manager reports
that indicate failing test results by no later than close of business on the 
working day following test completion and review.

1.06 LIMITS ON TESTING LABORATORY AUTHORITY

A. Laboratory may not release, revoke, alter, or enlarge requirements of the 
Contract.

B. Laboratory may not approve or accept any portion of the Work.

C. Laboratory may not assume Contractor duties.

D. Laboratory has no authority to stop the Work.



CITY OF HOUSTON 
STANDARD GENERAL REQUIREMENT TESTING LABORATORY SERVICES

01454-3
08-01-2003

1.07 CONTRACTOR RESPONSIBILITIES

A. Provide safe access to the Work and to manufacturer’s facilities for Project
Manager and for testing laboratory personnel.

B. Provide testing laboratory with a copy of the Construction Schedule and a 
copy of each update to Construction Schedule.

C. Notify Project Manager and testing laboratory during normal working hours of 
the day previous to expected time for operations requiring inspection and 
testing services. When Contractor fails to make timely prior notification, do 
not proceed with the operations requiring inspection and testing services.

D. Notify Design Consultant 24 hours in advance when Specification requires 
presence of Design Consultant for sampling or testing.

E. Request and monitor testing as required to provide timely results and to avoid 
delays to the Work.  Provide samples to laboratory in sufficient time to allow 
required test to be performed in accordance with specified test methods 
before intended use of the Product.

F. Cooperate with laboratory personnel in collecting samples on site.  Provide 
incidental labor and facilities for safe access to the Work to be tested, to 
obtain and handle samples at site or at source of Products to be tested, and 
to facilitate tests and inspections including storage and curing of test 
samples.

G. Make arrangements with laboratory through Project Manager.  Payment for 
additional testing will be made in accordance with Document 00700 - General 
Conditions:

1. Re-testing required for failed tests.

2. Re-testing for nonconforming work.

3. Additional sampling and tests requested beyond specified 
requirements.

4. Insufficient notification of cancellation of tests for work scheduled but 
not performed.

PART 2 P R O D U C T S -  Not Used
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PART 3 E X E C U T I O N 

3.01 CONDUCTING TESTING

A Conform to laboratory sampling and testing methods specified in individual 
Specification sections to the latest issues of ASTM standards, TxDOT 
methods, or other recognized test standards as approved by Project 
Manager.

B Requirements of this Section shall also apply to those tests for approval of 
materials, for mix designs, and for quality control of materials as performed 
by employed testing laboratories. 

END OF SECTION
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Section 01502 
 

MOBILIZATION 
 
 
PART 1 G E N E R A L   
 
1.01  SECTION INCLUDES  
 

A. Mobilization of construction equipment and facilities onto the site.  
  
1.02  MEASUREMENT AND PAYMENT  
 

A.  Unit Price Contracts. If Contract is Unit Price Contract, measurement for mobilization is on a 
lump sum basis.  

 
B.  Stipulated Price (Lump Sum) Contract.  If Contract is Stipulated Price Contract, payment for 

Work in this Section is included in total Stipulated Price.  
 
C.  Mobilization payments will be included in monthly payment estimates upon written 

application by Contractor subject to the following provisions:  
 

1.  Authorization for payment of 50 percent of that portion of Contract Price designated 
for mobilization will be made upon receipt and approval by Project Manager of the 
following items, as applicable:  

 
a. Safety Program (Document 00700, Paragraph 10.1.1).  
 
b. Site Utilization Plan (Section 01145).  
 
c. Schedule of Values (Section 01292), if any.  
 
d. Initial Construction Photographs (Section 01321), if needed.  
 
e. Preliminary Construction Schedule and Billing Forecast (Section 01325).  
 
f. Construction Schedule (Section 01325 or Section 01326, as applicable).  
 
g. Submittal Schedule (Section 01330).  
 
h. Site specific Storm Water Pollution Prevention Plan (SWPPP) and Notice of 

Intent (NOI) along with storm water application fee (Section 01410), if 
required.  

 
i. Contractor’s Quality Control Plan (Section 01450), if required.  

01502-1 
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j. Establishment of a Field Office for Project Manager meeting requirements of 

Section 01520 - Temporary Field Office. 
 
k. Traffic Control Plan (Section 01555), if required.  
 
l. Plan for Control of Ground and Surface Water (Section 01578), if required.  
 
m. Project Signs Submittal (Section 01580).  
 
n. Trench Safety Program (Section 02260), if required.  
 
o. Dewatering plan, when required.  

 
2. Authorization for payment of the balance of that portion of Contract Price designated 

for mobilization will be made upon completion of the Work amounting to five 
percent of Original Contract Price.  The amount of Contract Price designated for 
mobilization may not be applied in computing whether or not five percent of the 
Original Contract Price has been obtained.  

 
3. Mobilization payments will be subject to retainage amounts stipulated in Document 

00700 – General Conditions.  
 
 
PART 2  P R O D U C T S -Not Used  
 
 
PART 3  E X E C U T I O N -Not Used  
 
 

END OF SECTION 
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SUPPLEMENTARY SPECIFICATION  

 
Section 01502 S 

 
MOBILIZATION 

 
 
The following supplement modifies Specification Section 01502. Where a portion of the 
Specification is modified or deleted by this supplementary specification, the unaltered 
portions of the specification shall remain in effect.  
 
 
 
1. Delete paragraph 1.02.C.1. and replace it with the following: 

 
C.1. Authorization for payment of 100 percent of the contract price for 

mobilization onto the well site will be made upon mobilization of construction 
equipment and facilities onto the well site and upon receipt and approval by 
Project Manager of the following items, as applicable: 

 
a. Safety Program (Document 00700, Paragraph 1 0.1.1).  

 
b. Site Utilization Plan (Section 01145). 

 
c. Schedule of Values (Section 01292), if any. 

 
d. Initial Construction Photographs (Section 01321), if needed. 

 
e. Preliminary Construction Schedule and Billing Forecast (Section 01325) 

 
f. Construction Schedule (Section 01325 or Section 01326 , as applicable) 

 
g. Submittal Schedule (Section 01330). 

 
h. Site specific Storm Water Pollution Prevention Plan (SWPPP) and 

Notice of Intent (NOI) along with storm water application fee (Section 
01410), if required. 

 
i. Contractor's Quality Control Plan (Section 01450), if required. 

 
j. Establishment of a Field Office for Project Manager meeting 

requirements of Section 01520 - Temporary Field Office. 
 

k. Traffic Control Plan (Section 01555), if required. 
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l. Plan for Control of Ground and Surface Water (Section 01578), if 

required. 
 

m. Project Signs Submittal (Section 01580). 
 

n. Trench Safety Program (Section 02260), if required. 
 

o. Dewatering Plan, when required. 
 
2. Delete paragraph 1.02.C.2. 

 
 

END OF SUPPLEMENT 
 
 
 
 
 
 
 
 
 
 
 
Approved By: 
 
 
 
 
______________________________                               ________________________  
Sonny Do, P.E.  Date 
Acting Assistant Director 
Water Engineering Section 
Engineering and Construction Division 
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 Section 01504 
 

 TEMPORARY FACILITIES AND CONTROLS  
 
 

PART 1 G E N E R A L 
 
1.01 SECTION INCLUDES 

A. Temporary facilities and necessary controls for the Project, including utilities, 
telephone, sanitary facilities, storage sheds and building, safety  
requirements, first aid equipment, fire protection, security measures,  
protection of the Work and property, access roads and parking,  
environmental controls, pest and rodent control and disposal of trash, debris  
and excavated material.  

B. Facilities and controls specified in this section are considered minimum for  
the Project. Provide additional facilities and controls for proper execution of 
the Work and to meet Contractor’s responsibilities for protection of persons  
and property.  

1.02 MEASUREMENT AND PAYMENT 

 A. UNIT PRICES 

 1. No separate payment will be made for any temporary facilities and controls 
  required under this section.  Include cost of such work in contract price listed 
  for mobilization. 

1.03 CONTRACTOR’S RESPONSIBILITY  

A. Comply with applicable requirements specified in other sections of  
Specifications.  

1. Maintain and operate temporary facilities and systems to assure 
continuous service.  

2. Modify and extend systems as the Work progress requires. 

3. Completely remove temporary materials and equipment when no  
longer required.  

4. Restore existing facilities used for temporary services to specified or 
original condition.  

PART 2  P R O D U C T S - NOT USED  
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PART 3  E X E C U T I O N 

3.01 TEMPORARY UTILITIES 

 A. Obtaining Temporary Service: 
 

 1. Make arrangements with utility service companies for temporary  
 services.  

 2. Abide by rules and regulations of the utility service companies or  
 authorities having jurisdiction.  

 3. Be responsible for utility service costs until Date of Substantial  
 Completion. Included are fuel, power, light, heat, and other utility 
 services necessary for execution, completion, testing, and initial 
 operation of work. 
 

B. Water: 
 

1. Provide water required for and in connection with work to be performed 
 and for specified tests of piping, equipment, devices, or for other use  
 as required for proper completion of the Work.  

 2. Water to be drawn from public fire hydrants. Obtain transit meter from 
 City of Houston, Department of Public Works and Engineering, Taps  
 and Meters Section. Pay required deposit based on rates established 
 by latest ordinance.  

 3. Provide and maintain an adequate supply of potable water for  
 domestic consumption by Contractor personnel, Project Manager and  

  representatives of the City. 
 
C.  Electricity and lighting: 

 
1. Provide electric power service required for the Work including required 

testing, lighting, operation of equipment, and other Contractor use.  

2. Electric power service includes temporary power or generators  
required to maintain plant operations during scheduled shutdowns. 

3. Minimum lighting level shall be 10 foot-candles for open areas;  
20-foot-candles for stairs and shops. Provide a minimum of one 
300-watt lamp for each 200 square feet of work area.  

 D. Temporary Heat and Ventilation: 
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1. Provide temporary heat necessary for protection or completion of the 
Work.  

2. Provide temporary heat and ventilation to assure safe working 
 conditions; maintain enclosed areas at a minimum of 50 degrees F.  

 
E. Telephone: 

1. Provide emergency telephone service at Project site for use by 
Contractor personnel and others performing work or furnishing  
services at the site.  

2. Provide Houston-Metro lines, allowing unlimited calls, without charge 
in Greater Houston Metropolitan area with "call waiting" and "call  
forwarding" options. Provide one telephone answering machine with  
beeperless remote message retrieval capability.  

F. Sanitary Facilities: 

1. Provide and maintain sanitary facilities for persons on the site; comply  
with regulations of State and local departments of health.  

2. Enforce use of sanitary facilities by construction personnel at site.  
Enclose sanitary facilities. Pit-type toilets are not permitted. No  
discharge will be allowed from these facilities. Collect and store  
sewage and waste so as not to cause nuisance or health problems.  
Haul sewage and waste off-site and properly dispose in accordance 
with applicable regulations.  

3. Locate toilets near the Work site and secluded from view insofar as  
possible. Keep toilets clean and supplied throughout the course of the  
Work.  

3.02 STORAGE SHEDS AND BUILDINGS 

A. Provide adequately ventilated, watertight storage facilities with floor above 
ground level for Products susceptible to weather damage.  

B. Storage of Products not susceptible to weather damage may be on blocks off 
the ground.  

C. Store Products in a neat and orderly manner. Place Products to permit easy 
access for identification, inspection and inventory.  

D. Fill and grade site for temporary structures to provide drainage away from  
temporary and existing buildings.  
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3.03 SAFETY REQUIREMENTS  

A. Submit a safety program at the pre-construction meeting and follow the  
  program in accordance with Document 00700 – General Conditions.  Include 

documented response to trench safety requirements of Section 02260 -  
Trench Safety System.  

B. Conduct operations in strict accordance with applicable Federal, State and 
local safety codes and statutes and with good construction practice.  
Establish and maintain procedures for safety of all work, personnel and  
equipment involved in the Work.  

C. Observe and comply with Texas Occupational Safety Act (Art. 5182a, V.C.S.) 
and with all safety and health standards promulgated by Secretary of Labor  
under Section 107 of Contract Work Hours and Standards Act, published in  
29 CFR Part 1926 and adopted by Secretary of Labor as occupational safety  
and health standards under Williams-Steiger Occupational Safety and Health  
Act of 1970, and to other legislation enacted for safety and health of  
Contractor employees. Safety and health standards apply to Subcontractors  
and Suppliers as well as to the Contractor.  

D. Observance of and compliance with safety regulations is Contractor’s  
responsibility without reliance or superintendence of or direction by Project  
Manager. Immediately advise Project Manager of investigation or inspection  
by Federal Safety and Health inspectors of Contractor’s or Subcontractor's  
work or place of work on site under the Contract, and after investigation or  
inspection, advise Project Manager of results. Submit one copy of accident  
reports to Project Manager within 10 days of occurrence.  

E. Protect areas occupied by workmen using the best available devices for  
detection of lethal and combustible gases. Test devices frequently to assure 
functional capability. Constantly observe infiltration of liquids into the Work  
area for visual or odor evidence of contamination, and immediately take  
appropriate steps to seal off entry of contaminated liquids to the Work area.  

F. Implement safety measures, including but not limited to safety personnel, 
first-aid equipment, ventilating equipment and other safety equipment  
specified or detailed on Drawings.  

G. Maintain required coordination with City Police and Fire Departments during 
entire period covered by the Contract.  

H. Include Project safety analysis in safety plan. Itemize major tasks and  
potential safety hazards. Plan to eliminate hazards or protect workers and public 
from each hazard. 
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3.04 FIRST AID EQUIPMENT 

A. Provide a first aid kit throughout the construction period. List telephone  
numbers for physicians, hospitals, and ambulance services in each first aid  
kit.  

B. Have at least one person thoroughly trained in first aid and CPR procedures  
present on the site when work is in progress. Contractor to conform to  
protocols and requirements for training and protection against “blood borne  
pathogens”.  

3.05 FIRE PROTECTION 

A. Conform to specified fire protection and prevention requirements established  
by Federal, State, or local governmental agencies and as provided in Safety  
Program.  

3.06 SECURITY MEASURES 

A. Protect the Work, materials, equipment, and property from loss, theft,  
damage, or vandalism. Protect City property used in performance of the  
Contract.  

B. If existing fencing or barriers are breached or removed for purposes of 
construction, provide and maintain temporary security fencing equal to 
existing.  

3.07 PROTECTION OF UTILITIES AND PIPELINES  

A. Prevent damage to existing public utilities during construction. Approximate  
locations of known utilities are shown on Drawings, but all lines may not be  
shown. Excavate with caution and repair lines damaged by construction  
operations.  

B. Use the Utility Coordinating Committee One Call System, telephone number,  
(713) 223-4567, which must be called 48 hours in advance. The toll free  
telephone number is 1-800-669-8344, Texas One Call System.  

C. Before excavating, locate underground utilities by appropriate means  
including the use of metal detection equipment, and probes, or by excavation 
or surveys. Repair damage caused by investigative work and by failure to  
locate or to preserve underground utilities.  

D. Give utility owners a minimum five days notice before commencing  
excavation to allow time to locate utilities and make adjustments or  
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relocations when they conflict with the Work.  Include cost for temporary 
relocation of water, wastewater, and storm drainage lines, necessary to  
accommodate construction, in unit prices for utility construction unless  
otherwise noted. Bypassing of sanitary waste to storm drainage facilities is  
not allowed.  

E. Prior to excavation near pipelines, request a representative of the pipeline  
company to meet with Contractor and Project Manager at the site to discuss  
procedures to be used. Request pipeline company's representative to locate 
the pipelines in at least three locations: at each side and at centerline of  
proposed excavation of proposed utility. Also request representative and  
Project Manager to be present to observe Contractor operations when  
excavation is conducted within 15 feet of pipeline.  
 

 F. Utility service lines are not shown on the construction document drawings.  Contractor 
  should anticipate that such service lines exit and should exercise extreme caution during 
  construction. The utility service lines should be repaired and restored immediately as per 
  the specification, if damaged due to any construction activities.  No separate payment will 
  be made for this repair and restoration work.  Include payment in unit price for work in 
  appropriate sections. 

 G. Prior to abandonment of utility, make appropriate arrangements with City and owner of 
  utility to terminate service, remove meters, tranformers, and poles as may be required by 
  site conditions. 

3.08 PROTECTION OF THE WORK AND PROPERTY  

A. Preventive Actions 

1. Take necessary precautions and actions to prevent damage, injury, or  
loss to the Work or public and private property, including:  
 
a. Storage of apparatus, supplies, and Products in an orderly, safe 

manner to limit interference with progress of the Work or work  
of other contractors, utility service companies, or the City's  
operations.  

 
b. Suitable storage for Products subject to damage by exposure to  

weather, theft, breakage, etc.  
 
c. Limitation of loading pressures imposed upon portions of the  

Work.  
 
d. Frequent clean up of refuse, scrap materials, and debris from  

construction operations, necessary to maintain the site in a safe  
and orderly condition.  
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e. Provision of barricades and guard rails to protect pedestrian  

and traffic around openings, scaffolding, temporary stairs and  
ramps, excavations, elevated walkways, and other hazardous  
areas.  

2. Protect public and private property adjacent to the site. Obtain written  
consent before entering or occupying privately-owned land except on  
easements provided for construction. Restore property damaged by  
construction operations to condition equal to or better than that  
existing before the damage.  

B. Barricades and Warning Systems  

1. Where work is performed on or adjacent to roadways, rights-of-ways, 
 or public land, provide barricades, fences, lights, warning signs, 

danger signals, and other precautionary measures necessary for  
protection of persons or property and for protection of the Work.  
 
a. Erect sufficient barricades to keep vehicles and pedestrians  

from entering the Work. Paint barricades to be visible at night.  
From sunset to sunrise, provide at least one light at each  
barricade.  

 
b. Maintain barricades, signs, lights, and provide watchmen until  

Project Manager approves removal. Whenever work creates  
encroachment onto public roadways, station flagmen to manage 
traffic flow in accordance with approved traffic control plan.  

 
c. Conform to requirements of section 01555 – Traffic Control and  

regulation.  

C. PROTECTION OF EXISTING STRUCTURES  

1. Underground Facilities  
 
a. Known Underground Facilities are shown on the Drawings but  

all Facilities may not be shown. Explore sufficiently ahead of  
trenching and excavation work to locate Underground Facilities  
in order to prevent damage to them and to prevent interruption  
of utility services. Restore damage to Underground Facilities to 
original condition at no additional cost to the City.  

 
b. If necessary to avoid unanticipated Underground Facilities,  

Project Manager may make changes in location of the Work.  
 
c. If permanent relocation of an Underground Facility is required  
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and not provided for in the Contract documents, City Engineer  
will direct Contractor in writing to perform the Work under  
Modification provisions in Document 00700 - General  
Conditions.  

2. Surface Structures include buildings, tanks, walls, bridges, roads,  
dams, channels, open drainage, piping, poles, wires, posts, signs,  
markers, curbs, walks, guard cables, fencing, and other facilities that 
are visible above the ground level.  

3. Protection of Underground Facilities and Surface Structures:  
 
a. Support in place and protect Underground Facilities and  

 Surface Structures located within or adjacent to the limits of the  
 Work from damage. Install supports as required by the owner  

of the structure. Satisfy Project Manager that the owner of the  
facility or structure has approved methods and procedures  
before installing structure supports.  

 
b. Avoid moving or changing public utility or private corporation  

    property without prior written consent of a responsible official of 
    the facility or structure.  Allow representatives of utilities to enter 
 the construction site for maintenance and repair purposes or to  
 make necessary changes.  
  

c. Notify utility and pipeline owners and operators of the nature of  
 construction operations and dates when operations will be  
 performed. When construction operations are required in  
 immediate vicinity of existing structures, pipelines, or utilities,  
 give a minimum of five working days advance notice. Probe  
 and flag location of Underground Facilities prior to  
 commencement of excavation. Keep flags in place until  
 construction operations uncover the facility.  
  

d. Assume risk for damages and expenses to Underground  
 Facilities and Surface Structures within or adjacent to the Work.  

D. Employ a structural engineer to ensure protection measures are adequate for  
the safety and integrity of structures and facilities.  

E. PROTECTION OF INSTALLED PRODUCTS:  

1. Provide protection of Installed Products to prevent damage from  
 subsequent operations. Remove protection facilities when no longer 
 needed, prior to completion of the Work.  
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2. Control traffic to prevent damage to Products and surfaces. 

3. Provide coverings to protect Products from damage. Cover  
 projections, wall corners, jambs, sills, and exposed sides of openings  
 in areas used for traffic and passage of materials in subsequent work.  

3.09 ROADS AND PARKING 

A. Prevent interference with traffic and operations of the City on existing roads. 

B. Designate temporary parking areas to accommodate construction and City 
 personnel. When site space is not adequate, provide additional off-site  
 parking. Locate as approved by Project Manager.  
 
C. Minimize use by construction traffic on existing streets and driveways. 
 
D. Do not allow heavy vehicles or construction equipment in existing parking areas. 

 
3.10 ENVIRONMENTAL CONTROLS 

 
A. Use methods, equipment, and temporary construction necessary for control 
 of environmental conditions at the site and adjacent areas. 
 
B. Comply with statutes, regulations, and ordinances relating to prevention of 
 environmental pollution and preservation of natural resources including  
 National Environmental Policy Act of 1969, PL 91-190, Executive Order  
 11514.  

C. Minimize impact to the surrounding environment. Do not use construction 
 procedures that cause unnecessary excavation and filling of terrain,  
 indiscriminate destruction of vegetation, air or stream pollution, or  
 harassment or destruction of wildlife.  

D. Limit disturbed areas to boundaries established by the Contract. Do not  
pollute on-site streams, sewers, wells, or other water sources.  

E. Do not burn rubbish, debris or waste materials. 

3.11 POLLUTION CONTROL 

A. Provide methods, means, and facilities necessary to prevent contamination of 
soil, water or the atmosphere by discharge of Pollutants from construction  
operations.  

B. Provide equipment and personnel to perform emergency measures to contain  
spillage, and to remove contaminated soils or liquids. Excavate and dispose  
of contaminated earth off-site in accordance with laws and regulations, and  
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replace with suitable compacted fill and topsoil.  

C. Provide systems necessary for control of Pollutants. 

1. Prevent toxic concentrations of chemicals. 

2. Prevent harmful dispersal of Pollutants into the environment.  

D. Use equipment that conforms to current Federal, State, and local laws and 
regulations.  

3.12 PEST AND RODENT CONTROL 

A. Provide rodent and pest control as necessary to prevent infestation of 
construction or storage areas.  

 B. Employ methods and use materials that will not adversely affect conditions at site or 
   on adjoining properties. 

3.13 NOISE CONTROL 

A. Provide vehicles, equipment, and use construction activities that minimize  
noise to the greatest degree practicable. Conform to noise levels of Chapter  
30 –Noise and Sound Level Regulation, City Code of Ordinances, and latest  
OSHA standards. Do not permit noise levels to interfere with the Work or  
create a nuisance to surrounding areas.  

B. Conduct construction operations during daylight hours except as approved by 
Project Manager.  

C. Select construction equipment that operates with minimum noise and vibration. 
When directed by Project Manager, correct objectionable noise or  
vibration produced by operation of equipment at no additional cost to the City.  
Sound Power Level (PWL) of equipment shall not exceed 85 dbA (re: 10-12  
watts) measured five feet from the equipment, or at a lower level if prescribed  
by City Ordinances. Equipment noise requirements are contained in  
equipment specifications.  

3.14 DUST CONTROL 

A. Use water or other methods approved by Project Manager to control amount  
of dust generated by vehicle and equipment operations.  

3.15 WATER RUNOFF AND EROSION CONTROL 
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A. Comply with requirements of section 01410 – TPDES Requirements.  

B. Conduct fill, grading and ditching operations and provide adequate methods  
necessary to control surface water, runoff, subsurface water, and water from 
excavations and structures in order to prevent damage to the Work, the site,  
or adjoining properties.  

1. Plan and execute construction and earthwork by methods that control 
surface drainage from cuts and fills, and from borrow and waste  
disposal areas.  

2. Minimize area of bare soil exposed at one time. 

3. Provide temporary control measures, such as berms, dikes, and drains. 
  
4. Provide, operate, and maintain equipment and facilities of adequate 
 size to control surface water. 

 
 5. Construct fill and waste areas by selective placement of materials to  
 eliminate erosion of surface silts or clays that may erode.  

 6. Direct water away from excavations, pits, tunnels, and other  
 construction areas to prevent erosion, sedimentation or damage.  

 7. Maintain existing drainage patterns adjacent to the site by constructing  
 temporary earth berms, sedimentation basins, retaining areas, and  
 temporary ground cover.  

 8. Dispose of drainage water in a manner to prevent flooding, erosion, or 
 other damage to the site or adjoining areas, in conformance with  
 environmental requirements.  

 9. Inspect earthwork periodically to detect any evidence of erosion. Take  
  corrective measures as required to control erosion.  

 
END OF SECTION 
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TEMPORARY FIELD OFFICE 

 
 
 

PART 1  G E N E R A L 
 

1.01  SECTION INCLUDES 
 

A  Temporary field office building and associated parking area. 
 

1.02  FACILITY DESCRIPTION 
 

A  Temporary field office to be utilized by authorized representatives of the City 
to coordinate and monitor daily construction activities performed by 
Contractor. 

 
B. Field office shall be a non-smoking facility. 

 
 
 

PART 2  P R 0 DUCTS 
 

2.01  FIELD OFFICE 
 

A  General: 
 

1. Locate office in vicinity of the Work at a location approved by Project 
Manager or where indicated on Drawings. 

 
2.   Furnish, Install and maintain field office for exclusive use of authorized 

representatives of the City.  Provide sufficient room for Project 
meetings and Inspector's office. 

 
3. Provide office within 10 days of Date of Commencement of the Work. 

 
4.  Construct two all-weather, hard surfaced parking spaces for exclusive 

use of authorized representatives of the City.  Provide all-weather 
surfaced walk between parking spaces and field office. 

 
B. Minimum Construction: 

 
1  Structurally sound foundation and superstructure. 

 
Weather tight with insulated roof, walls and 7-foot ceiling (minimum). 
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3. Stairs or walkway with handrail and covered entrance platform 

(minimum 4 feet by 4 feet) with mud scraper at door. 
 

4. Resilient floor covering. 
 

5. Screened windows with area equal to approximately 10 percent of 
floor area sufficient for light, view of the site, and ventilation.  
Provide each window with operable sash and burglar bars. 

 
6.  Secure exterior doors with dead-bolt cylinder locks and burglar bars. 

        C.  Minimum Services: 

1.  Exterior entrance light. 
 

2. Interior lighting of 75 foot-candles minimum at desktop height 
 

3. Automatic heating to maintain 65 degrees F in winter. 
 

4. Automatic cooling to maintain 75 degrees F in summer. 
 

5. Electric power service. 
 

6. Three telephone service lines one for voice, one for data, and one 
for fax, for exclusive use of authorized representatives of the City. 

 
7. Sanitary facilities in field office with one water closet, one lavatory, 

and one medicine cabinet for exclusive use of authorized 
representatives of the City. 

 
D. Minimum Furnishings: 

 
1.  One 5-drawer desk 

 
2. Two swivel desk chairs with casters. 

 
3. One plan table. 

 
4. One drawing plan rack. 

 
5. One 4-drawer legal file cabinet complete with fifty legal-size 

hanging folders and two full-sized carriers. 
 

6.  One marker board with cleaner and markers. 
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7.  Two waste baskets. 

 
8.  One 30-inch by 36-inch tack board. 

 
9.  One all-purpose fire extinguisher. 

 
10.  Six protective helmets (hard hats) with ratchet adjustment for exclusive 

use of authorized representatives of the City. 
 

11.  Conference table and chairs to accommodate 10 persons. 
 

12.  All in one printer, copier, plain paper fax machine. 
 

13.  Telephone instrument separate from fax machine. 
 

E.  Provide adequate space for one set of Contract documents for ready 
reference. 

 
 
 

PART 3  E X E C U T I 0 N  
 

3.01  MAINTENANCE 
 

A   Maintain all-weather surface driveway and parking areas, buildings, 
walkways, stairs and required furnishings and equipment for duration of the 
Contract. 

 
B.  Provide janitorial services for duration of the Contract consisting of twice 

weekly sweeping and mopping floors, trash removal, weekly restroom 
cleaning, and weekly dusting of furniture and equipment. 

 
C. Provide soap, paper towels, toilet paper, cleansers and other necessary 

consumables. 
 

D.  Immediately repair damage, leaks or defective service. 
 

3.02  PROJECT CLOSEOUT 
 

A  Remove temporary field office and signs and restore site as specified in 
Section 01770 - Closeout Procedures. 

 
 

END OF SECTION 
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 Section 01555 
 

 TRAFFIC CONTROL AND REGULATION 
 
 
PART 1 G E N E R A L 
 
1.01 SECTION INCLUDES 
 

A. Requirements for signs, signals, control devices, traffic barriers, flares, lights 
and traffic signals; construction parking control, designated haul routes, and  
bridging of trenches and excavations.  

B. Qualifications and requirements for use of flagmen. 

1.02 MEASUREMENT AND PAYMENT 

A. Unit Price Contracts.  

1. Traffic control and regulation. Payment for traffic control and  
regulation is on a lump sum basis. Include preparation and submittal  
of traffic control plan if different than shown on Drawings, and  
provision of traffic control devices, equipment, and personnel  
necessary to protect the Work and public. Payment will be based on  
Contractor’s Schedule of Values for traffic control and regulation.  

 2. Payment for traffic control will be authorized by Project Manager in three (3) 
  parts.  Partial payment will be made according to following schedule: 

  a. Payment of 25 percent of traffic control amount will be authorized 
when permanent control devices and necessary temporary markings, 
sufficiently deployed along job site as required to maintain progress of 
work, are installed at job site and approved.  This limiting percentage 
will be prorated based upon extent of Contractor’s setup. 

 b. A payment of 50 percent of traffic control amount will be authorized 
  when pavement replacement commences.  This limiting percentage 
  will be prorated based upon linear footage, as measured along  
  centerline axis of water main, of pavement replaced.  

c. A payment of 25 percent of traffic control amount will be authorized 
when permanent pavement markings are restored and all 
unnecessary permanent and temporary control devices removed.  
This limiting percentage will be prorated based upon the extent of 
restoration. 
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 3. Flagmen:  Measurement is on a lump sum basis for flagmen as required for 
  the project.  The amount invoiced shall be determined based on the  
  schedule of value submitted for flagmen.  

4. New Portable Concrete Low Profile Traffic Barrier Provided. Payment 
is on a unit price basis for each linear foot of low profile traffic barrier  
provided, installed with hardware assemblies and connected together  
in accordance with the approved traffic control plan.  

5. Portable Concrete Low Profile Traffic Barrier picked up from City of  
Houston Stockpile. Payment is on a unit price basis for each linear  
foot of low profile traffic barrier picked up from designated stockpile, 
moved onto the project, set at location and connected together.  

6. Portable Concrete Low Profile Traffic Barrier Installed. Payment is on  
a unit price basis for each linear foot of low profile traffic barrier  
delivered to the project location, installed with hardware assemblies  
and connected together in accordance with the approved traffic control 
plan. 

 
7. Portable Concrete Low Profile Traffic Barrier Moved and Reset.  

Payment is on a unit price basis for each linear foot of low profile traffic 
barrier disassembled, moved on the project, reset at the new locations  
and connected together. Include cost to repair roadway in the unit  
price.  

8. Portable Concrete Low Profile Traffic Barrier Removed. Payment is on 
a unit price basis for each linear foot of low profile traffic barrier  
removed from the project, including hardware assemblies, and  
stockpiling at location listed in Section 01110 – Summary of Work.  
Include cost to repair roadway in the unit price.  

9. Refer to Section 01270 - Measurement and Payment for unit price 
procedures.  

B. Stipulated Price Contracts. Include payment for work under this section in  
the total Stipulated Price.  

1.03 REFERENCES  

A. Texas Manual on Uniform Traffic Control Devices (TMUTCD)  

B. Article 4413 (29bb), commonly referred to as Private Investigators and  
Private Security Agencies Act, and Article 2.12, Texas Code of Criminal 
Procedure.  
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C. Code of Ordinances, City of Houston, Texas.  

1. Chapter 10 Buildings And Neighborhood Protection, Article X 
Cleanup After Demolition Or Removal Of Structures  

2. Chapter 40 Streets and Sidewalks, Article XVII Pedestrian Way 
Impairments  

1.04 SUBMITTALS 

A. Conform to requirements of Section 01330 - Submittal Procedures. 

B. Traffic control plan: 

1. If using traffic control plan contained in the Contract without  
modification, submit a letter confirming use of the plan.  

2. If using a different traffic control plan, submit the plan for approval.  
The plan must conform to TMUTCD requirements and be sealed by a 

 Registered Texas Professional Engineer.  
 
  C. Submit copies of approved lane closure permits issued by City Traffic 

Engineering Branch.  

D. Submit Schedules of Values for traffic control plan and flagmen within 30 
days following Notice to Proceed.  

E. Submit records verifying qualifications of Uniformed Peace Officers and 
Certified Flagmen proposed for use on the Work.  

F. When working in the central business district, submit copies of approved  
Pedestrian Way permits issued by the City’s Traffic Engineering Branch.  

1.05 FLAGMEN  

A. Use Uniformed Peace Officers and Certified Flagmen to control movement of  
vehicular and pedestrian traffic when construction operations encroach on  
public traffic lanes.  Unless otherwise approved by Project Manager, use Uniformed 
Peace Officer for work along major thoroughfares, schools, churches, hospitals and 
Work at signalized intersections. 

B. Uniformed Peace Officer: Individual employed full-time as a peace officer  
who receives separate compensation as a privately employed flagman.  
Private employment may be an employee-employer relationship or on an  
individual basis. Flagman may not be in the employ of another peace officer 
nor be a reserve peace officer.  
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1. Uniformed Peace Officers may be:  
 
a. sheriffs and their deputies;  
 
b. constables and deputy constables;  
 
c. marshals or police officers of an incorporated city, town or 

village; or  
 
d. as otherwise provided by Article 2.12, Code of Criminal  

Procedure.  

2. The Uniformed Peace Officer must be a full-time peace officer, must  
work a minimum average of 32 paid hours per week, and must be paid  
a rate not less than the prevailing minimum hourly wage rate set by the  
federal Wage and Hour Act. The individual must be entitled to  
vacation, holidays, and insurance and retirement benefits.  

C. Certified Flagman: Individual who receives compensation as a flagman and 
meets the following qualifications:  

1. Formally trained and certified in traffic control procedures by the City s 
E. B. Cape Center.  

2. Speaks English. Ability to speak Spanish is desirable but not required.  

3. Paid for flagman duty at an hourly rate not less than the wage rate set 
for Rough Carpenter under the City’s Wage Scale for Engineering  
Construction.  

D. Certified Flagmen must wear a distinctive uniform, bright-colored vest, and be 
equipped with appropriate flagging and communication devices while at the  
Work site. They must also have in their possession while on duty, a proof of  
training identification card issued by the appropriate training institute.  

PART 2 P R O D U C T S 

2.01 SIGNS, SIGNALS, AND DEVICES 

A. Comply with TMUTCD requirements.  

B. Traffic cones and drums, flares and lights: Conform to local jurisdictions’ 
requirements.  

C. When working in the Central business district, provide pedestrian pathway  
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signage approved by the City’s Traffic Engineering Branch.  

2.02 PORTABLE LOW PROFILE CONCRETE BARRIERS  

A. The low profile concrete barrier is a patented design. Information concerning 
this barrier may be obtained from Texas Transportation Institute, Texas A&M  
University System, College Station, Texas 77843-3135, (409) 845-1712.  

PART 3 E X E C U T I O N 

3.01 PUBLIC ROADS 

A. Submit requests forms for lane closure and sidewalk closure to the City’s 
Traffic Engineering Branch at least three working days prior to need for  
blocking vehicular lanes or sidewalks. Do not block lanes or sidewalks  
without approved permits. Obtain application from the City’s Traffic  
Engineering Branch at 611 Walker, 5th floor or at the following internet  
address: http://www.ci.houston.tx.us/pwe/mrow/laneclosure.htm.  

B. Follow laws and regulations of governing jurisdictions when using public  
roads. Pay for and obtain permits from jurisdiction before impeding traffic or 
closing lanes. Coordinate activities with Project Manager.                                          

  

 C. Give Project Manager one-week notice before implementing approved traffic  
  control phases.  Inform local businesses of impending traffic control activities. 

 D. Notified police department, fire department, METRO, and local schools,  
  churches, and businesses in writing a minimum of five business days prior to 
  beginning work. 

 E. Maintain 10-foot wide all-weather lanes adjacent to the Work for emergency 
  vehicle use.  Keep all-weather lanes free of construction equipment and  
  debris. 

F. Do not to obstruct normal flow of traffic from 7:00 a.m. to 9:00 a.m. and 4:00 
p.m. to 6:00 p.m. on designated major arterials or as directed by Project  
Manager.  

G. Maintain local driveway access to residential and commercial properties  
adjacent to work areas at all times. Use all-weather materials approved by  
Project Manager to maintain temporary driveway access to commercial and  
residential driveways.  

H. Keep streets entering and leaving job site free of excavated material, debris,  
and foreign material resulting from construction operations in compliance with 
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applicable ordinances.  

I. Remove existing signage and striping that conflict with construction activities  
or that may cause driver confusion.  

J. Provide safe access for pedestrians along major cross streets. 

K. Alternate closures of cross streets so that two adjacent cross streets are not 
 closed simultaneously.  

 L. Do not close more than two consecutive esplanade openings at a time 
 without prior approval from Project Manager.  

3.02 CONSTRUCTION PARKING CONTROL 

 A. Control vehicular parking to prevent interference with public traffic and 
 parking, access by emergency vehicles, and the City's operations.  

 B. Monitor parking of construction personnel's vehicles in existing facilities.  
 Maintain vehicular access to and through parking areas.  

 C. Prevent parking on or adjacent to access roads or in non-designated areas. 

3.03 FLARES AND LIGHTS 

 A. Provide flares and lights during hours of low visibility to delineate traffic lanes 
   and to guide traffic. 

3.04 HAUL ROUTS 

 A. Utilize haul routes designated by authorities or shown on drawings for   
  construction traffic.   

 B. Confine construction traffic to designated haul routes. 

 C. Provide traffic control at critical areas of haul routes to regulate traffic and 
 minimize interference with public traffic.  

3.05 TRAFFIC SIGNS AND SIGNALS 

 A. Construct necessary traffic control devices for temporary signals required to 
complete the Work including loop detectors, traffic signal conduits, traffic  
signal wiring and crosswalk signals. Notify the City’s Traffic Engineering  
Branch a minimum of 60 days in advance of need for control boxes and  
switchgear. The City will perform necessary service, programming or  
adjustments, to signal boxes and switchgear if required during construction.  
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B. Install and operate traffic control signals to direct and maintain orderly traffic  
flow in areas under Contractor's control affected by Contractor's operations.  
Post notices, signs and traffic controls before moving into next phase of traffic 
control.  

C. Relocate traffic signs and signals as the Work progresses to maintain 
effective traffic control.  

D. Unless otherwise approved by Project Manager, provide driveway signs with  
name of business that can be accessed from each crossover. Use two signs  
for each crossover.  

E. Replace existing traffic control devices in Project area. 

F. Project Manager may direct Contractor to make minor adjustments to traffic  
control signage to eliminate driver confusion and maintain orderly traffic flow 
during construction at no additional cost to the City.  

3.06 BRIDGING TRENCHES AND EXCAVATIONS 

A. When necessary, construct bridges over trenches and excavation to permit  
an unobstructed flow of traffic across construction areas and major drives.  

 Use steel plates of sufficient thickness to support H-20 loading and install to
 operate with minimum noise.  

B. Shore trench or excavation to support bridge and traffic. 

C. Secure bridging against displacement with adjustable cleats, angles, bolts or 
other devices when:  

1. bridging is placed over existing bus routes, 

2. more than five percent of daily traffic is comprised of commercial or 
truck traffic,  

3. more than two separate plates are used for bridging, and 

4. when bridge is to be used for more than five consecutive days. 

D. Extend steel plates used for bridging a minimum of 1 foot beyond edges of  
trench or excavation. Use temporary paving materials such as premix to  
feather edges of plates to minimize wheel impact on secured bridging.  

3.07 REMOVAL 

A. Remove equipment and devices when no longer required.  
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B. Repair damage caused by installation.  

C. Remove post settings to a depth of 2 feet. 

3.08 TRAFFIC CONTROL, REGULATION AND DIRECTION 

A. Use Flagmen to control, regulate and direct an even flow and movement of 
vehicular and pedestrian traffic, for periods of time as may be required to  
provide for public safety and convenience, where:  

1. multi-lane vehicular traffic must be diverted into single lane vehicular 
traffic,  

2. vehicular traffic must change lanes abruptly, 

3. construction equipment must enter or cross vehicular traffic lanes and 
walks,  

4. construction equipment may intermittently encroach on vehicular traffic  
   lanes and unprotected walks and crosswalk, 
 
  5. traffic regulation is needed due to rerouting of vehicular traffic around 

the Work site, and  

6. where construction activities might affect public safety and 
convenience.  

B. Use of Flagmen to assist in the regulation of traffic flow and movement does 
not relieve Contractor of responsibility to take other means necessary to  
protect the Work and public.  

3.09 INSTALLATION STANDARDS  

A. Place temporary pavement for single lane closures, in accordance with 
TMUTCD.  

B. Reinstall temporary and permanent pavement markings as approved by  
Project Manager. When weather conditions do not allow application  
according to manufacturer’s requirements, alternate markings may be  
considered. Submit proposed alternate to Project Manager for approval prior 
to installation. No additional payment will be made for use of alternate  
markings.  

3.10 MAINTENANCE OF EQUIPMENT AND MATERIAL 

A. Submit name, address and telephone number of individual designated to be 
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responsible for maintenance of traffic handling at construction site to Project 
Manager. Individual must be accessible at all times to immediately correct  
deficiencies in equipment and materials used to handle traffic including  
missing, damaged, or obscured signs, drums, barricades, or pavement  
markings.  

B. Inspect signs, barricades, drums, lamps and temporary pavement markings 
daily to verify that they are visible, in good working order, and conform with  
traffic handling plans as approved by Project Manager. Immediately repair,  
clean, relocate, realign, or replace equipment or materials that are not in  
compliance.  

C. Keep equipment and materials, signs and pavement markings, clean and free 
of dust, dirt, grime, oil, mud, or debris.  

D. Obtain approval of Project Manager to reuse damaged or vandalized signs,  
drums, and barricades.  

END OF SECTION 
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Section 01570  

STORM WATER POLLUTION PREVENTION CONTROL 

PART 1 G E N E R A L 

1.01 SECTION INCLUDES 

A. Implementation of Storm Water Pollution Prevention Plans (SWP3) described  
in Section 01410 – TPDES Requirement.   

B. Installation, maintenance and removal, of storm water pollution prevention            
      structures: diversion dikes, interceptor dikes, diversion swales, interceptor swales,         
      down spout extenders, pipe slope drains, paved flumes and level spreaders.  

Structures are used during construction and prior to final development of the  
site.  

C. Filter Fabric Barriers: 

1. Type 1: Temporary filter fabric barrier for erosion and sediment control 
in non-channelized flow areas.  

2. Type 2: Temporary reinforced filter fabric barrier for erosion and 
sediment control in channelized flow areas.  

D. Hay Bale Fence. 

E. Drop Inlet Basket 

F. Inlet Sediment Traps 

G. Brush Berm 

H. Sand Bag Barrier 

I. Bagged Gravel Barrier 

J. Sediment Basin 

K. Inlet Protection Barrier 

1.02 MEASUREMENT AND PAYMENT  

A. UNIT PRICES 

1. Payment for filter fabric barrier is on a linear foot basis measured 
between limits of beginning and ending of stakes.  
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2. Payment for reinforced filter fabric barrier is on a linear foot basis 
measured between limits of beginning and ending of stakes.  

3. Payment for drop inlet baskets is on a unit price basis for each drop 
inlet basket.  

4. Payment for storm inlet sediment traps is on a unit price basis for each 
storm inlet sediment trap.  

5. Payment for storm water pollution prevention structures is on a lump  
sum basis for the project. Earthen structures with outlet and piping  
include diversion dikes, interceptor dikes, diversion swales,  
interceptor swales, and excavated earth-outlet sediment trap, embankment  
earth-outlet sediment trap, down spout extenders, pipe slope drains,  
paved flumes, stone outlet sediment trap, and level spreaders. 
  

6. Payment for hay bale barrier, if included in Document 00410 - Bid  
Form, is on a linear foot of accepted bale barriers, if not include in cost 
of storm water pollution prevention structures.  
 

7. Payment for brush berm, if included in Document 00410 - Bid Form, is 
on a linear foot of accepted brush berm, if not include in cost of storm 
water pollution prevention structures.  

8. Payment for sandbag barrier, if included in Document 00410 - Bid  
Form, is on a linear foot basis measured between limits of beginning  
and ending of sandbags, if not include in cost of storm water pollution 
prevention structures.  

9. Payment for bagged gravel barrier, if included in Document 00410 - Bid  
Form, is on a linear foot basis measured between limits of beginning  
and ending of bagged gravel barrier, if not include in cost of storm water  
pollution prevention controls.  

 
10. Payment for inlet protection barriers, if included in Document 00410 -  

Bid Form, is on a linear foot basis measured along outside face of inlet  
protection barrier, if not include in cost of storm water pollution  
prevention structures.  

11. Refer to Section 01270 - Measurement and Payment for unit price  
procedures.  

B. Stipulated Price (Lump Sum) Contract. If Contract is Stipulated Price  
Contract, payment for Work in this Section is included in total Stipulated  
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1.03 REFERENCE STANDARDS 
A. ASTM 

 
1. A 36 – Standard Specification for Carbon Structural Steel. 
 
2.  D698 – Standard Test Methods for Laboratory Compaction Characteristics of Soil 

Using Standard Effort (12,400 ft-lbf/ft3 (600kN-m/m3)). 
 
3. D3786 – Standard Test Method for Hydraulic Bursting Strength for knitted Goods 

and Nonwoven Fabrics. 
 
4. D 4355 - Standard Test Method for Deterioration of Geotextiles from  

Exposure to Ultraviolet Light and Water (Xenon-Arc Type Apparatus).  

5. D 4491 - Standard Test Methods for Water Permeability of Geotextiles 
by Permittivity.  

6. D 4632 - Standard Test Method for Grab Breaking Load and 
Elongation of Geotextiles.  

7. D 4833 - Standard Test Method for Index Puncture Resistance of 
Geotextiles, Geomembranes, and Related Products.  

8. D 6382 - Standard Practice for Dynamic Mechanical Analysis and  
Thermogravimetry of Roofing and Waterproofing Membrane Material. 

B. Storm Water Management Handbook for Construction Activities prepared by 
City of Houston, Harris County and Harris County Flood Control District.  

1.04 SYSTEM DESCRIPTIONS 

A. Filter Fabric Barrier Type 1 and Type 2: Install to allow surface or channel 
runoff percolation through fabric in sheet-flow manner and to retain and  
accumulate sediment. Maintain Filter Fabric Barriers to remain in proper  
position and configuration at all times.  

B. Hay Bale Fence: Install to allow surface runoff percolation through hay in 
sheet-flow manner and to retain and accumulate sediment. Maintain Hay  
Bale Fence to remain in proper position and configuration at all times.  

C. Interceptor Dikes and Swales: Construct to direct surface or channel runoff 
around the project area or runoff from project area into sediment traps.  

D. Drop Inlet Baskets: Install to allow runoff percolation through the basket and  
to retain and accumulate sediment. Clean accumulation of sediment to  
prevent clogging and backups.  
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E. Sediment Traps: Construct to pool surface runoff from construction area to  
allow sediment to settle onto the bottom of trap.  

     F.        Sand Bags: Are used during construction activities in unstabilized minor swales,          
 ditches, or streambeds when the contributing drainage area is no greater than 2 acres. 
 It is also sediment barrier for stage one Inlet.  
 

G.         Bagged Gravel Barrier: Are used during construction activities in unstabilized minor 
swales, ditches, or streambeds when the contributing drainage area is no greater than 2 
acres. It is also sediment barrier for stage two Inlet. 

 
     H.        Drop Inlet Insert Basket: Is a temporary barrier placed within a storm drain inlet (Lower 
 Portion of Stage I and Upper Portion of Stage II Inlets) consisting of a filter fabric  
 supported by a metal frame work to prevent sediment and other pollutants from  
 entering convey system. 
 
     I.  Brush Berm: Brush Berm is constructed at the perimeter of a distribute site within the        
 developing area. 

1.05 SUBMITTALS 

A. Conform to requirements of Section 01330 - Submittal Procedures.  

B. Submit manufacturer's literature for product specifications and installation  
instructions.  

C. Submit manufacturer=s catalog sheets and other product data on geotextile or 
filter fabrics, outlet pipe, perforated riser and connectors.  

D. Submit proposed methods, equipment, materials, and sequence of operations 
for storm-water pollution prevention structures.  

E. Submit shop drawings for Drop Inlet Baskets.  

PART 2 P R O D U C T S 

2.01 CONCRETE 

A. Concrete: Class B in accordance with Section 03315 – Concrete for Utility 
Construction or as shown on the Drawings.  

2.02 AGREGATE MATERIALS 

A. Use poorly graded cobbles with diameter greater than 3 inches and less than  
5 inches.  
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B. Provide gravel lining in accordance with Section 2320 – Utility Backfill 
Materials or as shown on the drawings.  

C. Provide clean cobbles and gravel consisting of crushed concrete or stone.  
Use clean, hard crushed concrete or stone free from adherent coatings, salt,  
alkali, dirt, clay, loam, shale, soft or flaky materials, or organic matter.  

D. Sediment Pump Pit Aggregate: Use nominal 2-inch diameter river gravel.  

2.03 PIPE 

A. Polyethylene culvert pipe or PVC sewer pipe in accordance with Section  
02505- High Density Polyethylene (HDPE) Solid and Profile Wall Pipe and  
Section 02506 Polyvinyl Chloride Pipe or as shown on the Drawings.  

B. Inlet Pipes: Galvanized steel pipe in accordance with Section 02642 
Corrugated Metal Pipe or as shown on the Drawings. 
  

C. Standpipe for Sediment Pump Pits: Galvanized round culvert pipe or round  
PVC pipe, minimum of 12-inch and a maximum of 24-inch diameter, perforate 
at 6 to 12 inch centers around circumference.  
 

2.04 GEOTEXTILE FILTER FABRIC  
 
A. Woven or nonwoven geotextile filter fabric made of either polypropylene,  

polyethylene, ethylene, or polyamide material, in continuous rolls of longest 
practical length.  

B. Grab Strength: 100 psi in any principal direction (ASTM D-4632), Mullen  
burst strength >200 psi (ASTM D-3786), and equivalent opening size between 
50 and 140. 
  

C. Furnish ultraviolet inhibitors and stabilizers for minimum 6 months of expected 
usable construction life at temperature range of 0 degrees F to 120 degrees F.  

 
D. Mirafi, Inc., Synthetic Industries, or equivalent  
 

2.05 BARRIER 

A. Wire Barrier: Woven galvanized steel wire, 14 gauge by 6-inch square  
mesh spacing, minimum 24 inch roll or sheet width of longest practical length. 

B. Barrier Stakes: Nominal 2 by 2 inch moisture-resistant treated wood or steel  
posts (min. of 1.25 lbs. per linear foot and Brinell Hardness greater than 140) 
with safety caps on top; length as required for minimum 8 inch bury and full  
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height of filter fabric.  

2.06 SANDBAGS 

A. Provide woven material made of polypropylene, polyethylene, or polyamide 
material.  

1. Minimum unit weight of four ounces per square yard. 

2. Minimum grab strength of 100 lbs in any principal direction (ASTM 
D4632)  
 

3. Mullen burst strength exceeding 300 lbs (ASTM D4833). 
 
4. Ultraviolet stability exceeding 70 percent. After 500 hours of exposure                           

        (ASTM 4355). 
 
5. Size: Length:18 to 24 inches. Width: 12 to 18 inches. Thickness: 6 to 8 

inches. Weight: Approximately 40 to 50 pounds not to exceed 75                          
       pounds.  

 
2.07         Bagged gravel Barrier 
   

1. Minimum unit weight of four ounces per square yard. 

2. Minimum grab strength of 100 lbs in any principal direction (ASTM 
D4632)  
 

3. Mullen burst strength exceeding 300 lbs (ASTM D4833). 
 
4. Ultraviolet stability exceeding 70 percent. After 500 hours of exposure                           

        (ASTM 4355). 
 
5. Size: Length:18 to 24 inches. Width: 12 to 18 inches. Thickness: 6 to 8 

inches. Weight: Approximately 40 to 50 pounds not to exceed 75                          
       pounds.  
   
2.08 DROP INLET BASKET 

A. Provide steel frame members in accordance with ASTM A36.  
 
B. Construct top frame of basket with two short sides of 2 inch by 2 inch and  

single long side of 1 inch by 1 inch, 1/8 inch angle iron. Construct basket  
hangers of 2 inch by 1/4 inch iron bars. Construct bottom frame of 1 inch by 
1/4 inch iron bar or 1/4 inch plate with center 3 inches removed. Use  
minimum 1/4 inch diameter iron rods or equivalent for sides of inlet basket.  
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Weld minimum of 14 rods in place between top frame/basket hanger and  
bottom frame. Exact dimensions for top frame and insert basket will be  
determined based on dimensions of type of inlet being protected.  
 

2.09 HAY BALE 

A. Hay: Standard-baled agricultural hay bound by wire, nylon, or  
polypropylene rope. Do not use jute or cotton binding.  

B. Hay Bale Stakes (applicable where bales are on soil): No. 3 (3/8 diameter) 
reinforcing bars, deformed or smooth at Contractor's option, length as  
required for minimum 18 inch bury and full height bales.  

PART 3 E X E C U T I O N 

3.01 PREPARATION, INSTALLATION AND MAINTEINANCE 

A. Provide erosion and sediment control structures at locations shown on the 
Drawings.  

B. Do not clear, grub or rough cut until erosion and sediment control systems are 
in place unless approved by Project Manger to allow installation of erosion  
and sediment control systems, soil testing and surveying.  

C. Maintain existing erosion and sediment control systems located within project 
site until acceptance of Project or until directed by Project Manger to remove  
and discard existing system.  

D. Regularly inspect and repair or replace damaged components of erosion and  
sediment control structures. Unless otherwise directed, maintain erosion and  
sediment control structure until project area stabilization is accepted. .  
Redress and replace granular fill at outlets as needed to replenish depleted  
granular fill. Remove erosion and sediment control structures promptly when  
directed by Project Manger. Dispose of materials in accordance with Section 
01576 - Waste Material Disposal.  

E. Remove and dispose sediment deposits at the designated spoil site for the 
Project. If a project spoil site is not designated on Drawings, dispose of  
sediment off site at approved location in accordance with Section 01576 -  
Waste Material Disposal.  

F. Unless otherwise shown on the Drawings, compact embankments,  
excavations, and trenches in accordance with Section 02315 Roadway  
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Excavation or Section 2317 Excavation and Backfill for Utilities.  

G. Prohibit equipment and vehicles from maneuvering on areas outside of  
dedicated right of way and easements for construction. Immediately repair 
damage caused by construction traffic to erosion and sediment control  
structures.  

H. Protect existing trees and plants in accordance with Section 1562 – Tree and  
Plant Protection.  

3.02 SEDIMENT TRAPS 

A. Install sediment traps so that surface runoff shall percolate through system in 
sheet flow fashion and allow retention and accumulation of sediment.  

B. Inspect sediment traps after each rainfall, daily during periods of prolonged 
rainfall, and at a minimum once each week. Repair or replace damaged  
sections immediately.  

C. Use fill material for embankment in accordance with Section 02320 – Utility 
Backfill Materials.  

D. Excavation length and height shall be as specified on Drawings. Use side 
slopes of 2:1 or flatter.  

E. Stone outlet sediment traps: 

1. Maintain minimum of 6 inches between top of core material and top of  
stone outlet, minimum of 4 inches between bottom of core material and 
existing ground and minimum of 1 foot between top of stone outlet and  
top of embankment.  

2. Embed cobbles minimum of 4 inches into existing ground for stone 
outlet. Core shall be minimum of 1 foot in height and in width and  
wrapped in triple layer of geotextile filter fabric.  

F. Sediment Basin with Pipe Outlet Construction Methods: Install outlet pipe and 
riser as shown on the Drawings.  
 

G. Remove sediment deposits when design basin volume is reduced by one- 
third or sediment level is one foot below principal spillway crest, whichever is 
less. 
  

3.03 FILTER FABRIC BARRIER CONSTRUCTION METHODS 
 

A. Fence Type 1: Filter Fabric: Barrier 
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1. Install stakes 3 feet on center maximum and firmly embed minimum 8 

inches in soil. If filter fabric is factory preassembled with support  
netting, then maximum support spacing is 8 feet. Install wood stakes  
at a slight angle toward the source of anticipated runoff.  

2. Trench in the toe of the fence lines so the downward face of the 
trenches is flat and perpendicular to direction of flow. V-trench  
configuration as shown on Drawings may also be used.  

3. Lay fabric along edges of trenches in longest practical continuous runs  
to minimize joints. Make joints only at a support post. Splice with  
minimum 6-inch overlap and seal securely.  

4. Staple filter fabric to stakes at maximum 3 inches on center. Extend 
fabric minimum 18 inches and maximum 36 inches above natural  
ground.  

5. Backfill and compact trench.  

B. Barrier Type 2: Reinforced Filter Fabric Barrier 

1. Layout barrier same as for Type 1.  

2. Install stakes at 6 feet on center maximum and at each joint in wire  
fence, firmly embedded 1-foot minimum, and inclined it as for Type 1. 

3. Tie wire fence to stakes with wire at 6 inches on center maximum. 
Overlap joints minimum one bay of mesh.  

4. Install trench same as for Type 1. 

5. Fasten filter fabric wire fence with tie wires at 3 inches on center  
maximum.  

6. Layout fabric same as for Type 1. Fasten to wire fence with wire ties  
at 3 inches on center maximum and, if applicable, to stakes above top 
of wire fence it as for Type 1.  

7. Backfill and compact trench.  

           8. Attach filter fabric to wooden fence stakes spaced a maximum of 6 feet apart  
          or steel fence stakes spaced a maximum of 8 feet apart and embedded a  
          minimum of 12 inches. Install stakes at a slight angle toward source of  
          anticipated runoff.  

      
      9. Trench in toe of filter fabric barrier with spade or mechanical trencher so that 

downward face of trench is flat and perpendicular to direction of flow. A V-trench     
configuration may also be used. Lay filter fabric along edges of trench. Backfill 
and compact trench upon completion of Construction.  



STORM WATER POLLUTION                                                               CITY OF HOUSTON 
PREVENTION CONTROL    STANDARD GENERAL REQUIREMENT 

 

    01570-10 
   01-26-2012 

 
10. Filter fabric fence shall have a minimum height of 18 inches and a maximum  
 height of 36 inches above natural ground.  
 
11.      Cut length of fence to minimize use of joints. When joints are necessary,  
 splice fabric together only at support post with minimum 6 inch overlap and 
 seal securely.  
 
12. When used in swales, ditches or diversions, elevation of barrier at top of filter fabric at 

flow line location in channel shall be lower than bottom elevation of filter fabric at ends 
of barrier or top of bank, whichever is less, in order to keep storm water discharge in 
channel from overtopping bank. 

 
C. Triangular Filter Fabric Barrier Construction Methods  

1. Attach filter fabric to wire fencing, 18 inches on each side. Provide a  
fabric cover and skirt with continuous wrapping of fabric. Skirt should 
form continuous extension of fabric on upstream side of fence.  

2. Secure triangular fabric filter barrier in place using one of the following  
methods:  
a. Toe-in skirt 6 inches with mechanically compacted material;  
b. Weight down skirt with continuous layer of 3-inch to 5-inch  

graded rock; or  
c. Trench-in entire structure 4 inches.  

3. Anchor triangular fabric filter barrier structure and skirt securely in place  
using 6-inch wire staples on 2-foot centers on both edges and on skirt,  
or staked using 18-inch by 3/8-inch diameter re-bar with tee ends.  

4. Lap fabric filter material by 6 inches to cover segment joints. Fasten 
joints with galvanized shoat rings.  

3.04 DIKE AND SWALE 
 
A. Unless otherwise indicated, maintain minimum dike height of 18 inches,  

measured from cleared ground at up slope toe to top of dike. Maintain side 
slopes of 2:1 or flatter.  

B. Dike and Swale Stabilization: When shown on the Drawings, place gravel  
lining 3 inches thick and compacted into the soil or 6 inches thick if truck  
crossing is expected. Extend gravel lining across bottom and up both sides of 
swale minimum height of 8 inches vertically, above bottom. Gravel lining on  
dike side shall extend up the up slope side of dike a minimum height of 8  
inches, measured vertically from interface of existing or graded ground and  
up slope toe of dike, as shown on Drawings.  
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C. Divert flow from dikes and swales to sediment basins, stabilized outlets, or  
sediment trapping devices of types and at locations shown on Drawings.  
Grade dikes and swales as shown on Drawings, or, if not specified, provide 
positive drainage with maximum grade of 1 percent to outlet or basin.  

D. Clear in accordance with Section 2233 – Clearing and Grubbing Compact 
embankments in accordance with Section 2315 – Roadway Excavation.  

E. Carry out excavation for swale construction so that erosion and water  
pollution is minimal. Minimum depth shall be 1 foot and bottom width shall be 
4 feet, with level swale bottom. Excavation slopes shall be 2:1 or flatter.  
Clear, grub and strip excavation area of vegetation and root material.  

3.05 DOWN SPOUT EXTENDER  

A. Down spout extender shall have slope of approximately 1 percent. Use pipe  
diameter of 4 inches or as shown on the Drawings. Place pipe in accordance  
with Section 2317 - Bedding and Backfill for Utilities.  

3.06 PIPE SLOPE DRAIN  

A. Compact soil around and under drain entrance section to top of embankment  
in lifts appropriately sized for method of compaction utilized.  

B. Inlet pipe shall have slope of 1 percent or greater. Use pipe diameter as 
shown on the Drawings.  

 
C. Top of embankment over inlet pipe and embankments directing water to pipe 

shall be at least 1 foot higher at all points than top of inlet pipe.  
 
D. Pipe shall be secured with hold-down grommets spaced 10 feet on centers. 
 
E. Place riprap apron with a depth equal to pipe diameter with 2:1 side slopes. 

 
3.07 PAVED FLUME 

 
A. Compact soil around and under the entrance section to top of the  

embankment in lifts appropriately sized for method of compaction utilized.  
 
B. Construct subgrade to required elevations. Remove and replace soft sections 

and unsuitable material. Compact subgrade thoroughly and shape to a  
smooth, uniform surface.  

 
C. Construct permanent paved flumes in accordance with Drawings.  
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D. Remove sediment from riprap apron when sediment has accumulated to 
depth of one foot.  

3.08 LEVEL SPREADER 

A. Construct level spreader on undisturbed soil and not on fill. Ensure that  
spreader lip is level for uniform spreading of storm runoff.  

B. Maintain at required depth, grade, and cross section as specified on  
Drawings. Remove sediment deposits as well as projections or other 
irregularities which will impede normal flow.  

3.09 INLET PROTECTION BARRIER 
 

A. Place sandbags for Stage I, Bagged gravel for Stage II and filter fabric barriers at          
 locations shown on the SWP3. Maintain to allow minimal inlet in flow restrictions /          
 blockage during storm event.                                                
 
3.10 DROP INLET BASKET CONSTRUCTION METHODS 
 

A. Fit inlet insert basket into inlet without gaps around insert at locations shown  
on the SWP3.  

B. Support for inlet insert basket shall consist of fabricated metal as shown on 
Drawings.  

C. Push down and form filter fabric to shape of basket. Use sheet of fabric large 
enough to be supported by basket frame when holding sediment and extend  
at least 6 inches past frame. Place inlet grates over basket/frame to serve as 
fabric anchor.  

 
D. Remove sediment deposit after each storm event and whenever  

accumulation exceeds 1-inch depth during weekly inspections.  
 

3.11 HAY BALE FENCE CONSTRUCTION METHODS 
 
A. Place bales in row with ends tightly abutting adjacent bales. Place bales with 

bindings parallel to ground surface.  
 
B. Embed bale in soil a minimum of 4 inches. 
 
C. Securely anchor bales in place with Hay Bale Stakes driven through bales a 

minimum of 18-inches into ground. Angle first stake in each bale toward  
previously laid bale to force bales together.  

D. Fill gaps between bales with straw to prevent water from channeling between 
bales. Wedge carefully in order not to separate bales.  
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E. Replace with new hay bale fence every two months or as required by 
Project Manager.  

3.12 BRUSH BERM CONSTRUCTION METHODS  

A. Construct brush berm along contour lines by hand placing method. Do not 
use machine placement of brush berm.  

B. Use woody brush and branches having diameter less than 2-inches with 6- 
inches overlap. Avoid incorporation of annual weeds and soil into brush  
berm.  

C. Use minimum height of 18-inches measured from top of existing ground at  
upslope toe to top of berm. Top width shall be 24 inches minimum and side 
slopes shall be 2:1 or flatter.  

D. Embed brush berm into soil a minimum of 4-inches and anchor using wire,  
nylon or polypropylene rope across berm with a minimum tension of 50  
pounds. Tie rope securely to 18-inch x 3/8-inch diameter rebar stakes driven  
into ground on 4-foot centers on both sides of berm.  

3.13 STREET AND SIDEWALK CLEANING 

A. Keep areas clean of construction debris and mud carried by construction  
vehicles and equipment. If necessary, install stabilized construction exits at  
construction, staging, storage, and disposal areas, following Section 01575- 
Stabilized Construction Exit.  

B. In lieu of or in addition to stabilized construction exits, shovel or sweep  
pavements as required to keep areas clean. Do not waterhose or sweep  
debris and mud off street into adjacent areas, except, hose sidewalks during  
off-peak hours, after sweeping.  

 
3.14 WASTE COLLECTION AREAS 

 
A. Prevent water runoff from passing through waste collection areas, and  

prevent water runoff from waste collection areas migrating outside collection 
areas.  

 
3.15 EQUIPMENT MAINTENANCE AND REPAIR 

 
A. Confine maintenance and repair of construction machinery and equipment to 

areas specifically designated for that purpose, so fuels, lubricants, solvents,  
and other potential pollutants are not washed directly into receiving streams  
or storm water conveyance systems. Provide these areas with adequate  
waste disposal receptacles for liquid and solid waste. Clean and inspect  
maintenance areas daily.  
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B. Where designated equipment maintenance areas are not feasible, take  
precautions during each individual repair or maintenance operation to prevent 
potential pollutants from washing into streams or conveyance systems.  
Provide temporary waste disposal receptacles.  

3.16 VEHICLE/ EQUIPMENT WASHING AREAS 

A. Install wash area (stabilized with coarse aggregate) adjacent to stabilized  
construction access, as required to prevent mud and dirt run-off. Release  
wash water into drainage swales or inlets protected by erosion and sediment  
controls. Build wash areas following Section 01575- Stabilized Construction  
access. Install gravel or rock base beneath wash areas.  

B. Wash vehicles only at designated wash areas. Do not wash vehicles such as 
concrete delivery trucks or dump trucks and other construction equipment at  
locations where runoff flows directly into waterways or storm water  
conveyance systems.  

C. Locate wash areas to spread out and evaporate or infiltrate wash water  
directly into ground, or collect runoff in temporary holding or seepage basins. 

3.17 WATER RUNOFF AND EROSION CONTROL 

A. Control surface water, runoff, subsurface water, and water from excavations  
and structures to prevent damage to the Work, the site, or adjoining  
properties.  Follow environment requirements. 

B. Control fill, grading and ditching to direct water away from excavations, pits,  
tunnels, and other construction areas, and to direct drainage to proper runoff 
courses to prevent erosion, sedimentation or damage.  

 
C. Provide, operate, and maintain equipment and facilities of adequate size to 

control surface water.  
 
D. Retain existing drainage patterns external to the site by constructing  

temporary earth berms, sedimentation basins, retaining areas, and temporary 
ground cover as required to control conditions.  

 
E. Plan and execute construction and earth work to control surface drainage 

from cuts and fills, and from borrow and waste disposal areas, to prevent  
erosion and sedimentation. 
  
1. Hold area of bare soil exposed at one time to a minimum.  

2. Provide temporary controls such as berms, dikes, and drains. 

 
F. Construct fill and waste areas by selective placement to eliminate surface silts 

or clays which will erode.  
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G. Inspect earthwork periodically to detect start of erosion. Immediately apply  
corrective measures as required to control erosion.  

H.       Dispose of sediments offsite, not in or adjacent to waterways or floodplains, nor  
allow sediments to flush into streams or drainage ways. Assume  
responsibility for offsite disposal location.  

I. Unless otherwise indicated, compact embankments, excavations, and  
trenches by mechanically blading, tamping, and rolling soil in maximum of 8- 
inch layers. Provide compaction density at minimum 90 percent Standard  
Proctor ASTM D-698-78 density. Make at least one test per 500 cubic yards 
of embankment.  
 

J. Prohibit equipment and vehicles from maneuver on areas outside of dedicated rights-
of-way and easements for construction. Immediately repair damage to erosion and 
sedimentation control systems caused by construction traffic.  

 
K. Do not damage existing trees intended to remain.  
 

3.18 REMOVAL OF CONTROLS 
 

A. Remove erosion and sediment controls when the site is finally stabilized or as 
directed by Project Manager.  
 

B. Dispose of sediments and waste products following Section 01505-Temporary Facilities. 
 
 
  

END OF SECTION 
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Section 01575 

STABILIZED CONSTRUCTION ACCESS 

PART 1 G E N E R A L 

1.01 SECTION INCLUDES 

A. Installation and removal of erosion and sediment control for stabilized construction 
access used during construction and prior to final development of site, as shown in City 
of Houston Standard Construction details, DWG No. 01571-01. 

 
1.02 MEASUREMENT AND PAYMENT  

A. Unit Price Contracts. If Contract is Unit Price Contract, payment for work in 
this Section will be based on the following:  

1. Stabilized construction roads, parking areas, access and wash areas: 
per square yard of aggregate/recycled concrete without reinforcing 
placed in 8-inch layers. No separate payment will be made for street cleaning 
necessary to meet TPDES requirements. Include cost of 
work for street cleaning under related Specification section. 
  

B. Stipulated Price (Lump Sum) Contracts. If the Contract is a Stipulated Price 
Contract, include payment for work under this Section in the total Stipulated  
Price.  

1.03 SUBMITTALS 

A. Conform to requirements of Section 01330 - Submittal Procedures. 

B. Submit manufacturer=s catalog sheets and other Product Data on geotextile 
fabric.  

C. Submit sieve analysis of aggregates conforming to requirements of this 
Specification.  

1.04 REFERENCES 

A. ASTM D 4632 - Standard Test Method for Grab Breaking Load and  
Elongation of Geotextiles.  

B. Storm Water Quality Management Handbook For Construction Activities prepared by the 
City of Houston, Harris County and Harris County Flood Control District.  



   CITY OF HOUSTON    
 STABILIZED CONSTRUCTION ACCESS               STANDARD GENERAL REQUIREMENT 

 
 

01575-2 
02-01-2011 

 

PART 2 P R O D U C T S 

2.01 GEOTEXTILE FABRIC 

A. Provide woven or non-woven geotextile fabric made of polypropylene, 
polyethylene, ethylene, or polyamide material.  

B. Geotextile fabric: Minimum grab strength of 200 lbs in any principal direction 
(ASTM D-4632) and equivalent opening size between 50 and 140.  

C. Geotextile and threads: Resistant to chemical attack, mildew, and rot and  
contain ultraviolet ray inhibitors and stabilizers to provide minimum of six  
months of expected usable life at temperature range of 0 to 120 degrees F.  

D. Representative Manufacturers: Mirafi, Inc. or equal. 

2.02 COARSE AGGREGATES 

A. Coarse aggregate: Crushed stone, gravel, crushed blast furnace slag, or  
combination of these materials. Aggregate shall be composed of clean, hard, 
durable materials free from adherent coatings of, salt, alkali, dirt, clay, loam,  
shale, soft or flaky materials, or organic and injurious matter.  

B. Coarse aggregates to consist of open graded rock 2” to 8” in size.  
 
 

PART 3 EXECUTION  
 

3.01 PREPARATION AND INSTALLATION 
 
A.  Provide stabilized construction roads and access at construction, staging, parking, 

storage, 
 and disposal areas to keep street clean of mud carried by construction vehicles and  
 equipment. Construct erosion and sediment controls in accordance with Drawings  
 and Specification requirements.  
 
B. Do not clear grub or rough cut until erosion and sediment control systems are  

in place, unless approved by Project Manager to allow soil testing and  
surveying.  

C. Maintain existing construction site erosion and sediment control systems until 
acceptance of the Work or until removal of existing systems is approved by  
Project Manager.  

D. Regularly inspect, repair or replace components of stabilized construction  
access. Unless otherwise directed, maintain stabilized construction roads and 
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access until the City accepts the Work. Remove stabilized construction roads  
and access promptly when directed by Project Manager. Discard removed  
materials off-site.  

 
E. Remove and dispose of sediment deposits at designated spoil site for Project. 

If a spoil site is not designated on Drawings, dispose of sediment off-site at a  
location not in or adjacent to stream or flood plain. Assume responsibility for  
off-site disposal.  
 

F. Spread compacted and stabilized sediment evenly throughout site. Do not  
 allow sediment to flush into streams or drainage ways. Dispose of  
 contaminated sediment in accordance with existing federal, state, and local  
 rules and regulations.  
 
G. Prohibit equipment and vehicles from maneuvering on areas outside of  
 dedicated rights-of-way and easements for construction. Immediately repair 
 damage to erosion and sediment control systems caused by construction  
 traffic.  
 
H. Conduct construction operations in conformance with erosion control  
 requirements of Specification 01570 – Storm Water Pollution Control. 
 

3.02 CONSTRUCTION MAINTENANCE 
 

A. Provide stabilized access roads, subdivision roads, parking areas, and other  
 on-site vehicle transportation routes where shown on Drawings.  
 
B. Provide stabilized construction access and vehicle washing areas, when approved 
 by Project Manager, of sizes and at locations shown on Drawings or as  
 specified in this Section.  
 
C. Clean tires to remove sediment on vehicles leaving construction areas prior to 
 entering public right-of-ways. Construct wash areas needed to remove sediment.  
 Release wash water into drainage swales or inlets protected by erosion and sediment 

control measures.  
 
D. Details for stabilized construction access are shown on Drawings. Construct  
 other stabilized areas to same requirements. Maintain minimum roadway  
 widths of 14 feet for one-way traffic and 20 feet for two-way traffic and of  
 sufficient width to allow ingress and egress. Place geotextile fabric as a  
 permeable separator to prevent mixing of coarse aggregate with underlaying 
 soil. Limit exposure of geotextile fabric to elements between laydown and  
 cover to a maximum 14 days to minimize potential damage.  
 
E. Grade roads and parking areas to provide sufficient drainage away from  
 stabilized areas. Use sandbags, gravel, boards, or similar materials to  
 prevent sediment from entering public right-of-ways, waterways or 
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 storm water conveyance systems.  
F.  Inspect and maintain stabilized areas daily. Provide periodic top dressing  

with additional coarse aggregates to maintain required depth. Repair and  
clean out damaged control systems used to trap sediment. Immediately  
remove spilled, dropped, washed, or tracked sediment from public right-of- 
ways.  

 
G. Maintain lengths of stabilized areas as shown on Drawings or a minimum of  

50 feet. Maintain a minimum thickness of 8 inches. Maintain minimum widths 
at all points of ingress or egress.  

 
H. Stabilize other areas with the same thickness, and width of coarse aggregate  

required for stabilized construction access, except where shown otherwise on  
Drawings.  

 
I. Stabilized areas may be widened or lengthened to accommodate truck  

washing areas when authorized by Project Manager.  
 
J. Clean street daily before end of workday. When excess sediments have  

tracked onto streets, Project Manager may direct Contractor to clean street as  
often as necessary. Remove and legally dispose of sediments.  

 
K. Use other erosion and sediment control measures to prevent sediment runoff 

during rain periods and non-working hours and when storm discharges are  
expected.  

 
 
END OF SECTION 
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Section 01576

WASTE MATERIAL DISPOSAL

PART 1 G E N E R A L

1.01 SECTION INCLUDES

A. Disposal of waste material and salvageable material.

1.02 SUBMITTALS

A. Conform to requirements of Section 01330 - Submittal Procedures.

B. Submit copy of approved "Development Permit", as defined in Chapter 19 of 
Flood Plain Ordinance (City Ordinance Number 81-914 and Number 85-
1705), prior to disposal of excess material in areas designated as being in 
"100-year Flood Hazard Area" within the City.  Contact the City of Houston 
Flood Plain Manager, 3300 Main Street, at (713) 525-7605 for flood plain 
information.

C. Obtain and submit disposal permits for proposed disposal sites, if required by 
local ordinances.

D. Submit copy of written permission from property owner, with description of 
property, prior to disposal of excess material adjacent to Project.  Submit 
written and signed release from property owner upon completion of disposal 
work.

E. Describe waste materials expected to be stored on-site and a description of 
controls to reduce Pollutants from these materials, including storage practices 
to minimize exposure of materials to storm water; and spill prevention and 
response measures in the Project’s Storm Water Pollution Prevention Plan 
(SWPPP).  Refer to Section 01410 – TPDES Requirements.

PART 2 P R O D U C T S -  Not Used

PART 3 E X E C U T I O N

3.01 SALVAGEABLE MATERIAL

A. Excavated Material: When indicated on Drawings, load, haul, and deposit 
excavated material at location or locations shown on Drawings outside limits 
of Project.
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B. Base, Surface, and Bedding Material:  Load shell, gravel, bituminous, or other 
base and surfacing material designated for salvage into City trucks.

C. Pipe Culvert:  Load culverts designated for salvage into City trucks.

D. Other Salvageable Materials:  Conform to requirements of individual 
Specification Sections.

E. Coordinate loading of salvageable material on City trucks with Project 
Manager.

3.02 EXCESS MATERIAL

A. Remove and legally dispose of vegetation, rubble, broken concrete, debris, 
asphaltic concrete pavement, excess soil, and other materials not designated 
for salvage from job site.

B. Excess soil may be deposited on private property adjacent to Project when 
written permission is obtained from property owner.  See Paragraph 1.02 D 
above.

C. Verify flood plain status of any proposed disposal site.  Do not dispose of 
excavated materials in area designated as within 100-year Flood Hazard 
Area unless “Development Permit” has been obtained.  Remove excess 
material placed in "100-year Flood Hazard Area" within the City, without 
“Development Permit", at no additional cost to the City.

D. Remove waste materials from site daily, in order to maintain site in neat and 
orderly condition.

END OF SECTION
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 Section 01578  

CONTROL OF GROUND AND SURFACE WATER 

PART 1  G E N E R A L 

1.01  SECTION INCLUDES 

A. Dewatering, depressurizing, draining, and maintaining trenches, shaft  
excavations, structural excavations and foundation beds in stable condition, 
and controlling ground water conditions for tunnel excavations.  

B. Protecting work against surface runoff and rising floodwaters. 

C. Trapping suspended sediment in the discharge form the surface and ground 
water control systems.  

1.02  MEASUREMENT AND PAYMENT 

A. UNIT PRICES 

 1. When noted, dewatering of trench or excavation during course of project 
shall be measured per linear foot and paid for at contract unit prices for 
dewatering, when directed to perform such work by Project Manager.  
Dewatering must be fully detailed in submittal and submittal must be 
approved prior to performing dewatering work before payment will be made 
for dewatering.  No payment will be made for work unless directed to perform 
work by Project Manager. 

 
 2. Presence of a pump on project does not constitute dewatering for payment 

 under bid item "Ground Water Control for Open Cut Construction."  
 

 3. Dewatering required during course of project to lower water table for other 
utility installation less than 24 inches in diameter, construction of structures, 
removal of standing water, surface drainage seepage, or to protect against 
rising  waters or floods shall be considered incidental to Work unless 
otherwise noted.  

 
 4. No separate payment will be made for groundwater control associated with 

 augering, tunnels or casing.  Include cost in unit price for augering. 
 

 5. Refer to Section 01270 - Measurement and Payment for unit price 
 procedures. 

 
B. Stipulated Price (Lump Sum) Contract. If the Contract is a Stipulated Price  

Contract, include payment for work under this section in the total Stipulated 
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Price.  

1.03  REFERENCES 

A. ASTM D 698 - Standard Test Methods for Laboratory Compaction of Soils  
Using Standard Effort (12,400 ft-lbf/ft3 (600kN-m/m3)  

B. Federal Regulations, 29 CFR Part 1926, Standards-Excavation, Occupational Safety 
and Health Administration (OSHA) 

 
C. Storm Water Management Handbook for Construction Activities prepared by 

City of Houston, Harris County and Harris County Flood Control District.  

1.04  DEFINITIONS 

A. Ground water control system: system used to dewater and depressurize 
water-bearing soil layers.  

1. Dewatering: lowering the water table and intercepting seepage that  
would otherwise emerge from slopes or bottoms of excavations, or into 
tunnels and shafts; and disposing of removed water. Intent of  
dewatering is to increase stability of tunnel excavations and excavated  
slopes, prevent dislocation of material from slopes or bottoms of  
excavations, reduce lateral loads on sheeting and bracing, improve  
excavating and hauling characteristics of excavated material, prevent  
failure or heaving of bottom of excavations, and to provide suitable  
conditions for placement of backfill materials and construction of  
structures and other installations.  

2. Depressurization: includes reduction in piezometric pressure within  
strata not controlled by dewatering alone, necessary to prevent failure  
or heaving of excavation bottom or instability of tunnel excavations.  

B. Excavation drainage: includes keeping excavations free of surface and 
seepage water.  

C. Surface drainage: includes use of temporary drainage ditches and dikes and 
installation of temporary culverts and sump pumps with discharge lines  
necessary to protect Work from any source of surface water.  

D. Monitoring facilities for ground water control system: includes piezometers, 
monitoring wells and flow meters for observing and recording flow rates.  

1.05  PERFORMANCE REQUIREMENTS 

A. Conduct subsurface investigations to identify groundwater conditions and to  



CITY OF HOUSTON CONTROL OF GROUND 
STANDARD GENERAL REQUIREMENT AND SURFACE WATER  
 

 
 01578-3 
 01-01-2011 

provide parameters for design, installation, and operation of groundwater  
control systems. Submit proposed method and spacing of readings for review 
prior to obtaining water level readings.  

 
B. Design ground water control system, compatible with requirements of Federal 

Regulations 29 CFR Part 1926 and Section 02260 - Trench Safety Systems,  
to produce following results:  

  
  1. Effectively reduce hydrostatic pressure affecting: 

    
   a. Excavations 
    
   b. Tunnel excavation, face stability or seepage into tunnels  
  
 2. Develop substantially dry and stable subgrade for subsequent 

construction operations  
 
3. Preclude damage to adjacent properties, buildings, structures, utilities, 

installed facilities and other work  
 
4. Prevent loss of fines, seepage, boils, quick condition, or softening of 

foundation strata  

5. Maintain stability of sides and bottom of excavations 

C. Provide ground water control systems that include single-stage or multiple- 
stage well point systems, eductor and ejector-type systems, deep wells, or  
combinations of these equipment types.  

D. Provide drainage of seepage water and surface water, as well as water from  
other sources entering excavation. Excavation drainage may include  
placement of drainage materials, crushed stone and filter fabric, together with  
sump pumping.  

E. Provide ditches, berms, pumps and other methods necessary to divert and 
drain surface water from excavation and other work areas.  

F. Locate ground water control and drainage systems so as not to interfere with  
utilities, construction operations, adjacent properties, or adjacent water wells.  

G. Assume sole responsibility for ground water control systems and for any loss  
or damage resulting from partial or complete failure of protective measures  
and settlement or resultant damage caused by ground water control  
operations. Modify ground water control systems or operations if they cause  
or threaten to cause damage to new construction, existing site improvements, 
adjacent property, adjacent water wells, or potentially contaminated areas.  
Repair damage caused by ground water control systems or resulting from  
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failure of system to protect property as required.  

H.  Install an adequate number of piezometers installed at proper locations and  
depths, necessary to provide meaningful observations of conditions affecting  
excavation, adjacent structures and water wells.  

I. Install environmental monitoring wells at proper locations and depths  
necessary to provide adequate observations of hydrostatic conditions and  

  possible contaminant transport from contamination sources into work area or  
  ground water control system. 

 
1.06  SUBMITTALS 

A. Conform to requirements of Section 01330 - Submittals Procedures. 

B. Submit Ground Water and Surface Water Control Plan for review by Project  
Manager prior to start of excavation work. Include the following:  

1. Results of subsurface investigations and description of extent and  
characteristics of water bearing layers subject to ground water control 

2. Names of equipment Suppliers and installation Subcontractors 

3. Description of proposed ground water control systems indicating  
arrangement, location, depth and capacities of system components, 
installation details and criteria and operation and maintenance  
procedures  

4. Description of proposed monitoring facilities indicating depths and  
locations of piezometers and monitoring wells, monitoring installation 
details and criteria, type of equipment and instrumentation with  
pertinent data and characteristics  

5. Description of proposed filters including types, sizes, capacities and 
manufacturer's application recommendations  

6. Design calculations demonstrating adequacy of proposed systems for 
intended applications. Define potential area of influence of ground  
water control operation near contaminated areas.  

7. Operating requirements, including piezometric control elevations for 
dewatering and depressurization  

8. Excavation drainage methods including typical drainage layers, sump  
pump application and other means  
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9. Surface water control and drainage installations 

10. Proposed methods and locations for disposing of removed water  

C. Submit following records upon completion of initial installation:  

1. Installation and development reports for well points, eductors, and 
deep wells  

  2. Installation reports and baseline readings for piezometers and monitoring wells 
 

3. Baseline analytical test data of water from monitoring wells 

4. Initial flow rates 

D. Submit the following records weekly during control of ground and surface 
water operations:  

1. Records of flow rates and piezometric elevations obtained during  
monitoring of dewatering and depressurization. Refer to Paragraph  
3.02, Requirements for Eductor, Well Points, or Deep Wells.  

2. Maintenance records for ground water control installations, 
piezometers and monitoring wells  

1.07  ENVIRONMENTAL REQUIREMENTS 

A. Comply with requirements of agencies having jurisdiction. 

B. Comply with Texas Commission on Environmental Quality regulations and  
Texas Water Well Drillers Association for development, drilling, and  
abandonment of wells used in dewatering system.  

C. Obtain necessary permits from agencies with jurisdiction over use of  
groundwater and matters affecting well installation, water discharge, and use 
of existing storm drains and natural water sources. Since review and  
permitting process may be lengthy, take early action to obtain required  
approvals.  

D. Monitor ground water discharge for contamination while performing pumping 
in vicinity of potentially contaminated sites.  

PART 2  P R O D U C T S 

2.01  EQUIPMENT AND MATERIALS  
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A. Select equipment and materials necessary to achieve desired results for  
dewatering. Selected equipment and materials are subject to review by  
Project Manager through submittals required in Paragraph 1.06, Submittals. 

B. Use experienced contractors, regularly engaged in ground water control  
system design, installation, and operation, to furnish and install and operate 
educators, well points, or deep wells, when needed 

 
 C. Maintain equipment in good repair and operating condition. 
 

D. Keep sufficient standby equipment and materials available to ensure 
continuous operation, where required.  

E. Portable Sediment Tank System: Standard 55-gallon steel or plastic drums, 
free of hazardous material contamination.  

1. Shop or field fabricate tanks in series with main inlet pipe, inter-tank 
pipes and discharge pipes, using quantities sufficient to collect  
sediments from discharge water.  

PART 3  E X E C U T I O N 

3.01  GROUND WATER CONTROL 

A. Perform necessary subsurface investigation to identify water bearing layers,  
piezometric pressures and soil parameters for design and installation of  
ground water control systems. Perform pump tests, if necessary to determine 
draw down characteristics. Present results in the Ground Water and Surface  
Water Control Plan. submittal  

B. Provide labor, material, equipment, techniques and methods to lower, control  
and handle ground water in manner compatible with construction methods  
and site conditions. Monitor effectiveness of installed system and its effect on 
adjacent property.  

C. Install, operate, and maintain ground water control systems in accordance  
with the Ground Water and Surface Water Control Plan. Notify Project  
Manager in writing of changes made to accommodate field conditions and  
changes to Work. Provide revised drawings and calculations with notification.  

D. Provide continuous system operation, including nights, weekends, and  
holidays. Arrange appropriate backup if electrical power is primary energy  
source for dewatering system.  

E. Monitor operations to verify systems lower ground water piezometric levels at 
rate required to maintain dry excavation resulting in stable subgrade for  
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subsequent construction operations.  

F. Depressurize zones where hydrostatic pressures in confined water bearing  
layers exist below excavations to eliminate risk of uplift or other instability of  
excavation or installed works. Define allowable piezometric elevations in the 

 Ground Water and Surface Water Control Plan.  
 

G. Removal of ground water control installations. 

1. Remove pumping system components and piping when ground water 
control is no longer required.  

2. Remove piezometers, including piezometers installed during design  
phase investigations and left for Contractor’s use, upon completion of 
testing, as required in accordance with Part 3 of applicable  
specification.  

3. Remove monitoring wells when directed by Project Manager. 

4. Grout abandoned well and piezometer holes. Fill piping that is not 
removed with cement-bentonite grout or cement-sand grout.  

H. During backfilling, maintain water level a minimum of 5 feet below prevailing  
 level of backfill. Do not allow the water level to cause uplift pressures in  

excess of 80 percent of downward pressure produced by weight of structure 
or backfill in place. Do not allow water levels to rise into cement-stabilized  
sand until at least 48 hour after placement.  

I. Provide uniform pipe diameter for each pipe drain run constructed for  
dewatering. Remove pipe drains when no longer required. If pipe removal is 
impractical, grout connections at 50-foot intervals and fill pipe with cement- 
bentonite grout or cement-sand grout after removal from service.  

J. The extent of ground water control for structures with permanent perforated  
underground drainage systems may be reduced, for units designed to  
withstand hydrostatic uplift pressure. Provide a means to drain affected  
portions of underground systems, including standby equipment. Maintain  
drainage systems during construction operations.  

K. Remove systems upon completion of construction or when dewatering and  
 control of surface or ground water is no longer required. 

  
L. Compact backfill to not less than 95 percent of maximum dry density in  

accordance with ASTM D 698.  

M. Foundation Slab: Maintain saturation line at least 3 feet below lowest  
elevations where concrete is to be placed. Drain foundations in areas where 
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concrete is to be placed before placing reinforcing steel. Keep free from water for 3 
 days after concrete is placed. 

 
3.02  REQUIREMENTS FOR EDUCTOR, WELL POINTS, OR DEEP WELLS 

A. For aboveground piping in ground water control system, include a 12-inch  
minimum length of clear, transparent piping between each eductor well or well 
point and discharge header to allow visual monitoring of discharge from each  
installation.  

B. Install sufficient piezometers or monitoring wells to show that trench or shaft  
excavations in water bearing materials are pre-drained prior to excavation.  
Provide separate piezometers for monitoring of dewatering and for monitoring 
of depressurization. Install piezometers and monitoring wells for tunneling as  
appropriate for selected method of work.  

C. Install piezometers or monitoring wells at least one week in advance of the 
start of associated excavation.  

D. Dewatering may be omitted for portions of under drains or other excavations, 
where auger borings and piezometers or monitoring wells show that soil is  
pre-drained by existing systems and that ground water control plan criteria  
are satisfied.  

E. Replace installations that produce noticeable amounts of sediments after  
development.  

F. Provide additional ground water control installations, or change method of  
control if, ground water control plan does not provide satisfactory results  
based on performance criteria defined by plan and by specifications. Submit  
revised plan according to Paragraph 1.06B.  

3.03  SEDIMENT TRAPS 

A. Install sediment tank as shown on approved plan. 

B. Inspect daily and clean out tank when one-third of sediment tank is filled with 
sediment.  

3.04  SEDIMENT SUMP PIT 

A. Install sediment sump pits as shown on approved plan. 

 B. Construct standpipe by perforating 12 inch to 24-inch diameter corrugated 
  metal or PVC pipe. 
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 C. Extend standpipe 12 inches to 18 inches above lip of pit. 
 

D. Convey discharge of water pumped from standpipe to sediment trapping 
device.  

E. Fill sites of sump pits, compact to density of surrounding soil and stabilize 
surface when construction is complete.  

3.05  EXCAVATION DRAINAGE 

A. Use excavation drainage methods if well-drained conditions can be achieved. 
Excavation drainage may consist of layers of crushed stone and filter fabric,  
and sump pumping, in combination with sufficient ground water control wells  
to maintain stable excavation and backfill conditions.  

3.06  MAINTENANCE AND OBSERVATION 

A. Conduct daily maintenance and observation of piezometers or monitoring  
wells while ground water control installations or excavation drainage is  
operating at the site, or water is seeping into tunnels, and maintain systems in  
good operating condition.  

B. Replace damaged and destroyed piezometers or monitoring wells with new 
piezometers or wells as necessary to meet observation schedules.  

C. Cut off piezometers or monitoring wells in excavation areas where piping is  
exposed, only as necessary to perform observation as excavation proceeds.  
Continue to maintain and make specified observations  

D. Remove and grout piezometers inside or outside of excavation area when  
ground water control operations are complete. Remove and grout monitoring 
wells when directed by Project Manager.  

3.07  MONITORING AND RECORDING  

A. Monitor and record average flow rate of operation for each deep well, or for  
each wellpoint or eductor header used in dewatering system. Also, monitor  
and record water level and ground water recovery. Record observations daily  
until steady conditions are achieved and twice weekly thereafter.  

B. Observe and record elevation of water level daily as long as ground water  
control system is in operation, and weekly thereafter until Work is completed  
or piezometers or wells are removed, except when Project Manager  
determines more frequent monitoring and recording are required. Comply  
with Project Manager's direction for increased monitoring and recording and  
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 take measures necessary to ensure effective dewatering for intended purpose.  
 

3.08  SURFACE WATER CONTROL 

A. Intercept surface water and divert it away from excavations through use of  
dikes, ditches, curb walls, pipes, sumps or other approved means.  
Requirement includes temporary works required to protect adjoining  
properties from surface drainage caused by construction operations.  

B. Divert surface water and seepage water into sumps and pump it into drainage  
channels or storm drains, when approved by agencies having jurisdiction.  
Provide settling basins when required by agencies. 
 

 
 END OF SECTION 
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Section 01580 

 
PROJECT IDENTIFICATION SIGNS 

 
PART 1 G E N E R A L 

 
1.01 SECTION INCLUDES 

 
A. Project identification sign description. 

B. Project sign installation. 

C. Maintenance and removal of Project sign. 
 

1.02 SYSTEM DESCRIPTION 
 

A. Sign Construction: Construct signs of new materials in accordance with 
Standard Detail provided at the Pre-construction Conference. 

 
B. Appearance: Maintain signs to present a clean and neat look throughout 

contract duration. 
 

C. Sign Manufacturer: Experienced professional sign company. 
 

D. Sign Placement: At locations shown in Drawings unless otherwise specified 
by Project Manager at pre-construction meeting. 

 
1. Provide one sign at each end of a linear Project involving paving, 

overlay, sewer line, storm drainage, or water main construction located 
in rights-of-ways. 

 
2. Provide one sign for site or building construction Contracts 

 
3. Provide one sign at each site for Contracts with multiple sites. 

 
4. Sign Relocation: As work progresses, relocate signs if directed by 

Project Manager in writing. Include cost for one relocation of post- 
mounted signs in Contract Price. Subsequent relocations, if directed 
by Project Manager in writing, will be subject to Change Order. 

 
E. Skid-mounted signs: Use for projects with noncontiguous locations where 

work progresses from one location to another. Design skid structure to 
withstand a 60 mile-per-hour wind load to the face or back of sign using 
stakes, straps, or ballast. Contractor shall be responsible for security of signs 
at each site. 
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1.03 SUBMITTALS 

 
A. Submit Shop Drawings under provisions of Section 01330 - Submittal 

procedures. 
 

B. Show content, layout, lettering style, lettering size, and colors. Make sign and 
lettering to scale, clearly indicating condensed lettering, if used. 

 
 
 
PART 2 P R O D U C T S 

 
2.01 SIGN MATERIALS 

 
A. Structure and Framing: Use new sign materials. 

 
1. Sign Posts: 4-inch by 4-inch pressure treated wood posts, 9 feet long 

for skid mounting and 12 feet long minimum for in-ground mounting. 
 

2. Skid Bracing: 2-inch by 4-inch wood framing material. 
 

3. Skid Members: 2-inch by 6-inch wood framing material. 
 

4. Fasteners: 
a. Galvanized steel. 
b. Attach sign to posts with 1/2-inch by 5-1/2 inch button head 

carriage bolts and secure with nuts and flat head washers. 
c. Cover button heads with white reflective film or paint to match 

sign background. 
d. Use metal brackets and braces and 3/4-inch wood screws to 

attach sign header. 
 

B. Sign and Sign Header: 3/4-inch thick marine plywood. Use 4-foot by 8 -foot 
sheet for the sign and a single piece for the header to minimize joints. Do not 
piece wood sheets to fabricate sign face. 

 
C. Paint and Primers: White industrial grade, fast-drying, oil-based paint with 

gloss finish for structural and framing members, sign, and sign header 
material surfaces. Paint all sign surfaces prior to adding adhesive 
applications. 

 
D. Colors: 

 
1. Sign Background: Reflective white 3M Scotchlite Engineer Grade, 

Pressure Sensitive Sheeting (White), or approved equal. 
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2. Border: For red border around area, which designates project name 

and project amount, use reflective red 3M Scotchlite Engineer Grade, 
Pressure Sensitive Sheeting (Red), or approved equal. 

 
3. Sign Film: 3M Scotchcal Pressure Sensitive Films, or approved equal 

for legends, symbols, lettering, and artwork. Match colors to 3M 
Scotchcal Pressure Sensitive Films. 

 
a. Lettering Below Seal: Black 
b. Lettering Above Project Name: Vivid Blue 
c. Lettering on Blue Background: White 
d. Background Behind Project Name: Vivid Blue 

 
E. City Seal: Project Manager will provide City seals to Contractor, as needed. 

 
2.02 SIGN LAYOUT 

A. Lettering: 

1. Style, Size, and Spacing: Helvetica Regular lettering. 
 

2. Condensed Style: Text may be condensed if needed to maintain sign 
composition. 

 
B. Composition: 

 
1. Lines with Standard Text 

a. Top line shall read “BUILDING TOGETHER FOR THE 
FUTURE”. 

b. Use lower left below City Seal to list names and titles for Mayor, 
Controller and Council Members. Place as shown on Drawings 
with indicated size and spacing. 

c. Center telephone number of the Customer Response Center, 
“311”, near the bottom of the area with the blue background. 

 
2. Lines with Variable Text. Use blue background space for Project name 

and dollar amount. 
a. Project Manager will provide Project name and dollar amount of 

Project for preparation of sign. Center name on one or two 
lines, and dollar amount immediately below Project name, in 
area with blue background. Use condensed lettering if 
necessary. 
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2.03 LAYOUT AND COMPOSITION FOR HEADER 

 
A. City of Houston Seal: 

1. A space of approximately 24 inches in diameter is provided for the City 
seal, the top 6 inches of which extends above the sign on the sign 
header. 

 
2. Construct sign header of same material as sign face. Cut material to 

match curve of the City seal. 
 

3. Project Manager will provide the seal to be affixed to the sign by sign 
maker. 

 
 
 
PART 3 E X E C U T I O N 

 
3.01 INSTALLATION 

 
A. Install Project identification signs within seven days after Date of 

Commencement of the Work. 
 

B. Erect signs at locations shown in Drawings unless otherwise designated by 
Project Manager at pre-construction meeting. Position sign so it is fully visible 
and readable to general public. 

 
C. Erect sign level and plumb. 

 
D. If mounted on posts, sink posts 3 to 4 feet below grade and stabilize posts to 

minimize lateral motion. Leave a minimum of 8 feet of post above existing 
grade for mounting of sign. 

 
E. Erect sign so that top edge of sign is at a nominal 8 feet above existing grade. 

 
3.02 MAINTENANCE AND REMOVAL 

 
A. Keep signs and supports clean. Repair deterioration and damage. 

 
B. Remove signs, framing, supports, and foundations to a depth of at least 2 feet 

upon completion of Project. Restore area to a condition equal to or better 
than before construction. 
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PROJECT No.: 
(FILE NO: ) 

CONTRACT No.: REVIEWED BY: 

 

 

*INSTRUCTIONS TO SIGN MAKER (LIST COMPANY NAME): 

QTY. ACTION ITEMS: 
  

Make new sign(s) 
  

Follow City standards attached 
  

Provide submittal (drawing) to the City for project sign showing content, layout, lettering 
style, lettering size, and colors 

VARIABLE TEXT 
 

Line 1 
 

Project Name:  

 

Line 2 
 

Project Amount (rounded to nearest $1000): 

ATTACHMENTS INCLUDED 

QTY. SEALS / LOGOS 

  

City of Houston - 24" diameter 
 STANDARDS 

  

Standard Specification Section 01580 - Project Identification Signs 
  

Standard Detail 
01580-03 Construction Sign 

(Instructions on reverse.) 
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INSTRUCTIONS 

 
Contractor produces this form. Contractor shall insert the information and provide the form to the sign 
maker with Contractor’s purchase order. 

 
List PROJECT No., (FILE No.), CONTRACT No., and name of City’s Project Manager REVIEWED BY. 

 
INSTRUCTIONS TO SIGN MAKER: 

 
• Give COMPANY NAME of sign maker. 

 
• Indicate QUANTITY of new signs to be made. 

 
• Direction for sign maker to follow City Standards in making signs. 

 
• Require submittals from sign maker, who provides Shop Drawing of Project sign showing content, 

layout, lettering style, lettering size, and colors. 
 

VARIABLE TEXT: 
 

• Give PROJECT NAME. Write it out in all caps and suggest line break. Lines are required. 
 

• Give Project amount to be listed on sign. Round off to nearest $1000. 
 

ATTACHMENTS INCLUDED: 
 

• Seals 
 

City provides the quantity of City seals required one for each Project sign. 
 

• Standards 
 

Contractor provides set of Standards to sign maker, including (Specification Section 01580 - 
Project Identification Signs, and Standard Detail No. 01580-03 - Construction Sign. 



CITY OF HOUSTON 
STANDARD GENERAL REQUIREMENT BASIC PRODUCT REQUIREMENTS  
 

 
 01610-1 
 01-01-2011 

 Section 01610 
 

 BASIC PRODUCT REQUIREMENTS 

PART 1 G E N E R A L 

1.01 SECTION INCLUDES 

A. Requirements for transportation, delivery, handling, and storage of Products. 

1.02 PRODUCTS 

A. Products: Defined in Document 00700 – General Conditions. Does not  
include machinery and equipment used for preparation, fabrication,  
conveying and erection of the Work. Products may also include existing 
materials or components designated for reuse.  

 B. For material and equipment specifically indicated or specified to be reused in the 
  work: 

1. Use special care in removal, handling, storage and reinstallation, to assure proper
 function in completed work. 

2. Arrange for transportation, storage and handling of products which require off-site 
storage, restoration or renovation.  Include cost in unit price for related items. 

 C. When contract documents require that installation of work comply with manufacturer’s 
printed Instructions, obtain and distribute copies of such instructions to parties involved in 
installation, including two copies to Project Manager.  Maintain one set of complete 
instructions at job site during installation until completion. 

D. Provide Products from the fewest number of manufacturers as practical, in  
order to simplify spare parts inventory and to allow for maximum  
interchangeability of components. For multiple components of the same size, 
type or application, use the same make and model of component throughout  
the Work.  

1.03 TRANSPORTATION  

A. Make arrangements for transportation, delivery, and handling of Products 
required for timely completion of the Work.  

B. Transport and handle Products in accordance with manufacturer’s instructions. 
  
C. Consign and address shipping documents to proper party giving name of the 

Project and its complete street address. Shipments shall be delivered to  
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Contractor.  

1.04 DELIVERY 

A. Arrange deliveries of Products to accommodate short-term site completion  
 schedules and in ample time to facilitate inspection prior to Installation. Avoid 
 deliveries that cause lengthy storage or overburden of limit storage space. 

 
B. Coordinate deliveries to avoid conflict with the Work and conditions at the site 

and to accommodate the following:  

1. Work of other contractors or the City.  

2. Limitations of storage space. 

3. Availability of equipment and personnel for handling Products.  

4. The City's use of premises. 

C. Have Products delivered to the site in manufacturer's original, unopened, 
labeled containers.  

D. Immediately upon delivery, inspect shipment to assure:  

1. Product complies with requirements of the Contract. 

2. Quantities are correct. 

3. Containers and packages are intact; labels are legible. 

4. Products are properly protected and undamaged. 

1.05 PRODUCT HANDLING 

A. Coordinate off-loading of Products delivered to the site. If necessary during 
construction, move and relocate stored Products at no additional cost to the 
City.  

B. Provide equipment and personnel necessary to handle Products, including  
those provided by the City, by methods to prevent damage to Products or  
packaging.  

C. Provide additional protection during handling as necessary to prevent  
breaking, scraping, marring, or otherwise damaging Products or surrounding 
areas.  

D. Handle Products by methods to prevent over-bending or overstressing. 
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E. Lift heavy components only at designated lifting points. 

F. Handle Products in accordance with manufacturer's recommendations. 

G. Do not drop, roll, or skid Products off delivery vehicles. Hand-carry or use  
 Suitable materials handling equipment. 

 
1.06 STORAGAE OF PRODUCTS 
 

A. Store and protect Products in accordance with manufacturer's  
recommendations and requirements of these Specifications.  

B. Make necessary provisions for safe storage of Products. Place Products so  
as to prevent damage to any part of the Work or existing facilities and to  
maintain free access at all times to all parts of the Work and to utility service  
company installations in the vicinity of the Work. Keep Products neatly and  
compactly stored in locations that will cause minimum inconvenience to other  
contractors, public travel, adjoining owners, tenants, and occupants. Arrange 
storage in a manner so as to provide easy access for inspection.  

C. Restrict storage to areas available on the site for storage of Products as  
shown on Drawings or approved by Project Manager.  

D. Provide off-site storage and protection when on-site storage is not adequate.   
Provide addresses of, and access to, off-site storage locations for inspection  
by Project Manager.  

E. Do not use lawns, grass plots, or other private property for storage purposes 
without written permission of owner or other person in possession or control  
of premises.  

F. Protect stored Products against loss or damage. 

G. Store in manufacturers' unopened containers. 

H. Neatly, safely, and compactly stack Products delivered and stored along the  
line of the Work to avoid inconvenience and damage to property owners and 
general public, and maintain at least 3 feet clearance around fire hydrants.  
Keep public, private driveways and street crossings open.  

I. Repair or replace damaged lawns, sidewalks, streets or other improvements  
to satisfaction of Project Manager. Total length that Products may be  
distributed along route of construction at one time is 1000 linear feet, unless  
otherwise approved in writing by Project Manager.  

PART 2 P R O D U C T S - Not Used 
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PART 3 E X E C U T I O N - Not Used 

END OF SECTION 
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Section 01630

PRODUCT SUBSTITUTION PROCEDURES

PART 1 G E N E R A L

1.01 SECTION INCLUDES

A. Options for making Product or process selections.

B. Procedures for proposing equivalent Products or processes, including pre-
approved, pre-qualified, and approved Products or processes.

1.02 DEFINITIONS

A. Product:  As defined in Document 00700 – General Conditions.  Product 
does not include machinery and equipment used for production, fabrication, 
conveying, and erection of the Work.  Products may also include existing 
materials or components designated for reuse.

B. Process:  Any proprietary system or method for installing system components 
resulting in an integral, functioning part of the Work.  For this Section, the 
word Products includes Processes.

1.03 SELECTION OPTIONS

A. Pre-approved Products:  Construction products of certain manufacturers or 
Suppliers designated in Specifications as "pre-approved."  The City maintains 
a list of pre-approved products.  Pre-approved Products for this Project are 
designated as pre-approved in Specifications.  Products of other 
manufacturers or suppliers are not acceptable for this Project and will not be 
considered under the submittal process for approving alternate products.

B. Pre-qualified Products:  Construction products of certain manufacturers or 
Suppliers designated in Specifications as "pre-qualified."  Pre-qualified
Products for this Project are designated as pre-qualified in Specifications.
Products of other manufacturers or suppliers are not acceptable for this
Project and will not be considered under the submittal process for approving 
alternate products.

C. Approved Products:  Construction products of certain manufacturers or 
Suppliers designated in Specifications followed by words "or approved equal." 
Approval of alternate products not listed in Specifications may be obtained 
through provisions for product options and substitutions in Document 00700 -
General Conditions, and by following submittal procedures specified in 
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Section 01330- Submittal Procedures. The procedure for approval of 
alternate products is not applicable to pre-approved or pre-qualified products.

D. Product Compatibility:  To the maximum extent possible, provide Products 
that are of the same type or function from a single manufacturer, make, or
source. Where more than one choice is available, select Product that is 
compatible with other Products already selected, specified, or in use by the 
City.

1.04 CONTRACTOR'S RESPONSIBILITY

A. Responsibility related to Product options and substitutions is defined in 
Document 00700 - General Conditions.

B. Furnish information Project Manager deems necessary to judge equivalency 
of alternate Product.

C. Pay for laboratory testing, as well as any other review or examination costs, 
needed to establish equivalency between products in order to obtain 
information upon which Project Manager can base a decision.

D. If Project Manager determines alternate product is not equal to that named in 
Specifications, Furnish one of the specified Products.

1.05 CITY REVIEW

A. Use alternate Products only when approved in writing by Project Manager.
Project Manager's determination regarding acceptance of proposed alternate 
Product is final.

B. Alternate Products shall be accepted if Products are judged by Project 
Manager to be equivalent to specified Product or to offer substantial benefit 
to the City.

C. The City retains the right to accept any Product deemed advantageous to the 
City, and similarly, to reject any product deemed not beneficial to City.

1.06 SUBSTITUTION PROCEDURE

A. Collect and assemble technical information applicable to the proposed 
Product to aid in determining equivalency as related to the approved Product 
specified.

B. Submit a written request for a construction Product to be considered as an 
alternate Product.
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C. Submit Product information after the effective date of the Contract and within 
the time period allowed for substitution submittals given in Document 00700 -
General Conditions.  After the submittal period has expired, requests for 
alternate Products shall be considered only when specified Product becomes 
unavailable because of conditions beyond Contractor's control.

D. Submit five copies of each request for alternate Product approval.  Include 
the following information:

1. Complete data substantiating compliance of proposed substitution with 
the Contract.

2. For Products:
a. Product identification, including manufacturer's name and 

address.
b. Manufacturer's literature with Product description, performance

and test data, and reference standards.
c. Samples, as applicable.
d. Name and address of similar projects on which Product was 

used and date of installation.  Include names of Owner, design 
consultant, and installing contractor.

3. For construction methods:
a. Detailed description of proposed method.
b. Drawings illustrating methods.

4. Itemized comparison of proposed substitution with Product or method 
specified.

5. Data relating to changes in Construction Schedule.

6. Relation to separate contracts, if any.

7. Accurate cost data on proposed substitution in comparison with 
Product or method specified.

8. Other information requested by Project Manager.

E. Approved alternate Products will be subject to the same review process as 
the specified Product would have been for Shop Drawings, Product Data, and 
Samples.

PART 2 P R O D U C T S - Not Used
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PART 3 E X E C U T I O N -  Not Used

END OF SECTION
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 Section 01725 
 
 FIELD SURVEYING 
 
 
PART 1    G E N E R A L 
 
1.01 QUALITY CONTROL 

A. Conform to State of Texas laws for surveys requiring licensed surveyors.  
Employ a surveyor acceptable to Project Manager if required by the Contract.  

1.02 MEASUREMENT AND PAYMENT 

 A. UNIT PRICES 

   1. No separate payment will be made for field surveying.  Include cost in unit 
    price for related items. 

1.03 SUBMITTALS 

A. Conform to requirements of Section 01330 - Submittal Procedures. 

B. Submit name, address, and telephone number of Surveyor to Project  
Manager before starting survey work.  

C. Submit documentation verifying accuracy of survey work on request. 

D. Submit certificate signed by Surveyor, that elevations and locations of the 
Work are in conformance with the Contract.  

1.04 PROJECT RECORD DOCUMENTS  

A. Maintain a complete and accurate log of control and survey work as it 
progresses.  

B. Prepare a certified survey setting forth dimensions, locations, angles, and  
elevations of construction and site work upon completion of foundation walls 
and major site improvements.  

C. Submit record documents under provisions of Section 01785 - Project Record  
Documents.  

1.05 EXAMINATION 

A. Verify locations of survey control points prior to starting the Work. 
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B. Notify Project Manager immediately if any discrepancies are discovered. 

1.06 SURVEY REFERENCE POINTS  

A. The City will establish survey control datum as provided in Document 00700 -  
  General Conditions and as indicated on Drawings. Inform Project Manager in 
  Advance of time horizontal and vertical control points will be established so 
 

verification deemed necessary by Project Manager may be done with 
minimum inconvenience to the City or Contractor.  

B. Locate and protect survey control points prior to starting site work; preserve 
permanent reference points during construction.  

C. Notify Project Manager a minimum of 48 hours before relocation of reference 
points is needed due to changes in grades or other reasons.  

D. Promptly report loss or destruction of reference points to Project Manager. 

E. Reimburse the City for cost of reestablishment of permanent reference points 
disturbed by construction operations.  

1.07 SURVEY REQUIREMENTS 

A. Utilize recognized engineering survey practices. 

B. Establish a minimum of two permanent benchmarks on site, referenced to 
established control points. Record horizontal and vertical location data on 
Project record documents.  

C. Establish elevations, lines and levels to provide quantities required for  
measurement and payment and for appropriate controls for the Work. Locate 
and lay out the following with appropriate instruments:  

1.  Site improvements including grading, fill and topsoil placement, utilities, 
 and footings and slabs  

2.  Grid or axis for structures 

3.  Building foundation, column locations, and ground floor elevations  

D. Periodically verify layouts. 

PART 2 P R O D U C T S - Not Used 
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PART 3 E X E C U T I O N - Not Used 

 
 END OF SECTION 
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 Section 01731 
 
 CUTTING AND PATCHING 
 
 
PART 1    G E N E R A L 
 
1.01 SECTION INCLUDES 

A. Cutting, patching and fitting of the Work or work under construction.  
Coordinating Installation or connection of the Work to existing facilities, or 
uncovering work for access, inspection or testing and related submittals.  

1.02 MEASUREMENT AND PAYMENT 

 A. UNIT PRICES 

   1. No separate payment will be made for cutting and patching.  Include cost in 
    unit price for related items. 

1.03 CUTTING AND PATCHING 

A. Perform activities to avoid interference with facility operations and work of  
others in accordance with Document 00700 - General Conditions of Contract.  

B. Execute cutting and patching, including excavation, backfill and fitting to: 

1. Remove and replace defective work or work not conforming to 
Drawings and Specifications;  

2. Take samples of installed work as required for testing; 

3. Remove construction required to provide for specified alterations or 
additions to existing work;  

4. Uncover work to allow inspection or reinspection by Project Manager or 
regulatory agencies having jurisdiction;  

5. Connect uninstalled work to completed work in proper sequence; 

6. Remove or relocate existing utilities and pipes that obstruct work; 

7. Make connections or alterations to existing or new facilities; 

8. Provide openings, channels, chases and flues and cut, patch, and 
finish; if required; or  
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9. Provide protection for other portions of the Work.  

 C. Restore existing work to a condition equal to or better than that which existed 
  Prior to cutting and patching, and to standards required by Specifications. 
   

D. Support, anchor, attach, match, trim and seal materials to work of others.  
Unless otherwise specified, Furnish and Install sleeves, inserts, and hangers 
required for execution of the Work.  

E. Provide shoring, bracing and support necessary to maintain structural  
integrity and to protect adjacent work from damage during cutting and  
patching. Request written approval from Project Manager, before cutting  
structural members such as beams, anchors, lintels, or other supports.  
Follow approved submittals, as applicable.  

F. Match new materials to existing materials by bonding, lapping, mechanically 
tying, anchoring or other effective means in order to prevent cracks and to  
minimize evidence of patching. Conceal effects of demolition and patching  
by blending new construction to existing surfaces. Avoid obvious breaks,  
joints or changes of surface appearance unless shown on Drawings or  
authorized by Project Manager.  

1.04 SUBMITTALS 

A. Conform to requirements of Section 01330 - Submittal Procedures. 

B. Submit a written request to Project Manager for consent to proceed, before  
conducting cutting operations that might affect structural integrity, design  
function, City operations, or work of another contractor.  

C. Include the following in submittal: 

1. Identification of Project  

2. Description of affected work 

3. Necessity for cutting  

4. Effect on other work and on structural integrity 

5. Describe the proposed work including:  
a. Scope of cutting and patching  
b. Contractor, Subcontractor or Supplier who will execute the work 
c. Proposed Products  
d. Extent of refinishing  
e. Schedule of operations  
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 6. Alternatives to cutting and patching 

 D. When work conditions or schedules dictate the need for change of materials or 
  methods, submit a written recommendation to Project Manager that includes:  

1.  conditions necessitating the change;  

2.  recommendations for alternative materials or methods; and 

3.  submittals required for proposed substitutions  

E. Notify Project Manager in writing when work will be uncovered for  
observation. Do not begin cutting or patching operations until authorized by 
Project Manager.  

1.05 CONNECTIONS TO EXISTING FACILITIES  

A. Perform construction operations necessary to complete connections and  
tie-ins to existing facilities. Keep existing facilities in continuous operation 
unless otherwise permitted in the Specifications or approved in writing by  
Project Manager.  

B. Coordinate interruption of service requiring connection to existing facilities  
with Project Manager. Do not bypass wastewater or sludge to waterways.  
Provide temporary pumping facilities to handle wastewater if necessary. Use 
temporary bulkheads to minimize disruption. Provide temporary power and  
piping to facilitate construction where necessary.  

C. Submit a detailed schedule of proposed connections, including shut-downs  
and tie-ins. Include proposed time and date as well as anticipated duration of 
work. Coordinate the connection schedule with the construction schedule.  

1. Submit specific times and dates to Project Manager at least 48 hours  
in advance of proposed work.  

D. Procedures and Operations: 

1. Operate existing pumps, valves and gates in required sequence under 
supervision of Project Manager. Do not operate valves, gates or other 
items of equipment without Project Manager’s knowledge.  

2. If possible, test equipment under operating conditions before making  
final tie-ins to connect equipment to existing facility.  

 3. Coordinate work and schedules. Notify Project Manger at least 48 
  Hours before shutdowns or bypasses are required. 
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PART 2 P R O D U C T S   Not Used 

PART 3 E X E C U T I O N Not Used 

 
END OF SECTION 
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Section 01732 

PROCEDURE FOR WATER VALVE ASSISTANCE 

PART 1 G E N E R A L 

1.01 SECTION INCLUDES 

A. Operation of valves.  City of Houston employees will operate existing valves.
Contractor's employees may operate new valves included in the Project prior 
to acceptance by the City. 

1.02 PROCEDURE 

A. Perform activities listed in Exhibit A attached to this Section. 

1.03 SUBMITTALS 

A. Submit request for work order planning meetings in accordance with Exhibit 
A.  Include information listed in Step 1 of Exhibit A, attached to this Section. 

1.04 CANCELLATION 

A. Contractor, Project Manager, or Public Utilities Division may cancel a 
scheduled valve assistance appointment at no extra cost or payment to 
Contractor.  Contractor shall notify City’s appointed Project Inspector 
(“Inspector”) 24 hours in advance of cancellation.  Inspector shall notify 
Central Operation Service (COS) immediately upon receipt of cancellation 
notice.  Cancellation may be caused by bad weather, preparation work taking 
longer than anticipated, or unforeseen delays by one or more of the three 
parties.

PART 2 P R O D U C T S  -  Not Used 

PART 3 E X E C U T I O N - Not Used 

END OF SECTION
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EXHIBIT A 

PROCEDURE FOR VALVE ASSISTANCE

The following procedure will be used by Utility Maintenance Branch personnel when 
completing a service request from individual Contractors, through Inspector, for operation 
of existing water valves. 

ROUTINE VALVE ASSISTANCE REQUEST (NON-EMERGENCY JOBS):

Step 1. a. When notified by Contractor, Inspector will schedule a work order planning meeting by 
calling Central Operation Service (COS) at (713) 295-5521 and providing information 
shown below.  The work order planning meeting shall be conducted a minimum of 
three days after the request; excluding weekends, holidays, inclement weather days, 
and the day of the call. 

Location of Work (Street Intersection) Project # 
Project Description   Contractor (Company Name) 
Job Superintendent’s Name  Superintendent’s Office #/Mobile #/Pager # 
Contractor’s Emergency Information Name and Phone #/Mobile #/Pager #  
Inspector/Senior Inspector  Name, Phone #/Mobile #/Pager # 

 Date & Time assistance is requested 

b. COS will create a work order for each wet connection, cut and plug, etc. that will be 
designated as a ”Code 40" (Private Contractor). 

c. COS will give Inspector the work order number.  This work order number must be 
used as a reference in all communications regarding this request for Valve 
Assistance.

d. Valve personnel must have the work order number on their route sheet.  When valve 
personnel arrive at the job site for the Work Order Planning Meeting between 
Inspector, Contractor, and Utility Maintenance valve personnel, they will verify the 
street intersection and work order number with the Inspector before beginning Work 
Order Planning Meeting.

e. During Work Order Planning Meeting, the work to be performed will be outlined and
the actual date work will be performed will be mutually determined by Inspector, 
Contractor and City’s Utility Maintenance Division valve personnel, based upon 
relevant factors such as preparatory work needed, customer requirements, etc. 

f.  Valve personnel will perform work specifically outlined in the work order requested.  
Also, Utility Maintenance Branch valve personnel will only operate existing water 
valves.  Inspector must contact COS and request a new work order for additional 
work.

Page 1 of 3
Exhibit A
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g. Valve personnel will contact the dispatcher and advise when the job is complete.  
Valve personnel will list all appropriate information on the Crew Activity Report. 

Step 2. Should valve personnel not be able to keep an appointment to provide valve 
assistance, Utility Maintenance Branch will provide notification to appropriate 
Inspector by phone at least 24 hours prior, with that fact and rescheduling information, 
if available. 

Step 3. Inspector will notify COS if valve personnel have not arrived at the site within 30 
minutes of scheduled appointment. If Contractor is not ready when valve operator 
arrives to provide valve assistance, the City shall charge Contractor $50.00 per hour, 
starting 15 minutes after the scheduled appointment time, minimum one hour charge. 

Step 4. Contractor will not be due delay claims or downtime if Utility Maintenance Branch has 
notified Inspector that they will not be able to provide valve assistance as scheduled. 

Step 5. Test installed new valves in the presence of Inspector before substantial completion 
inspection is scheduled.  Place new valves in open position on or before the Date of 
Substantial Completion. 

Step 6. Project Manager will notify, in writing, Utility Maintenance Branch two months before 
the warranty expires to report any problems they have with new water lines.  Project 
Manager will notify Contractor about these problems.

Page 2 of 3 
Exhibit A
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EMERGENCY REQUEST FOR VALVE ASSISTANCE PROCEDURE:

Step 1. When notified by Contractor, Inspector will request emergency Valve Assistance 
due to a broken line/service, etc. by calling COS at (713) 295-5521 and providing 
the following information: 

Location of Work (Street Intersection) Project # 
Project Description   Superintendent’s Office #/Mobile #/Pager # 
Contractor (Company Name)  Name and Phone #/Mobile #/Pager #  
Job Superintendent’s Name  Name, Phone #/Mobile #/Pager # 

  Contractor’s Emergency Information 
  Inspector/Senior Inspector 
  Date & Time assistance is requested 

Step 2. COS will create an emergency work order number and describe the work to be 
performed.

Step 3. COS will give Inspector the emergency work order number.  Reference work order 
number in all communications regarding request for Valve Assistance. 

Step 4. COS will contact designated valve personnel and assign emergency work order.  
Dispatcher will follow standard COS procedures if this situation occurs after normal 
working hours. 

Step 5. Valve personnel must have the emergency work order number on the route sheet.  
When valve personnel arrive at the job site for emergency work, they will verify the 
street intersection and emergency work order number with Inspector prior to beginning 
work requested for operating existing water valves.  Valve personnel will coordinate 
verification of street intersection and work order number with Inspector prior to 
performing work. 

Page 3 of 3 
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Section 01740

SITE RESTORATION

PART 1 G E N E R A L

1.01 SECTION INCLUDES

A. Restoration of site affected by the Work in public or private property, 
including pavement, esplanades, sidewalks, driveways, fences, lawns and 
landscaping.

1.02 MEASUREMENT AND PAYMENT

A. Unit Prices.

1. Payment for restoration of Project site disturbed by utility construction 
operations is on a linear foot basis.  Measurement will be as provided 
for corresponding utility in each Specification section.  No separate 
payment made for branch pipe, valves and, other associated work for 
utilities.  Measurement for restoration with multiple utilities within the 
same right-of-way will be on a linear foot basis for only one utility.

2. No separate payment made for facility or roadway projects.  Include
cost in the surface improvements associated with the facility or 
roadway construction.

3. Payment includes required site restoration within the right-of-way or 
easement regardless of size or type of pipe, method of construction, 
paved or unpaved areas or thickness and width of pavement. 

4. No separate payment made for site restoration for service connections 
under this Section.  Include cost in appropriate utility section.

5. Refer to Section 01270 – Measurement and Payment for Unit Price 
procedures.

B. Stipulated Price (Lump Sum) Contracts.  If Contract is Stipulated Price 
Contract, include payment for work under this section in total Stipulated Price.

1.03 DEFINITIONS

A. Phase: Locations identified on the plans and listed in Section 1110 –
Summary of Work under Work Sequence.



CITY OF HOUSTON
SITE RESTORATION STANDARD GENERAL REQUIREMENT

01740-2
08-01-2003

B. Site Restoration:  Replacement or reconstruction of Site Improvements 
located in rights-of-way, easements, public property, and private property 
affected or altered by the Work.

C. Site Improvement: Includes pavement, curbs and gutters, esplanades,
sidewalks, driveways, fences, lawns, irrigation systems, landscaping, and 
other improvements in existence at the Project site before commencement 
of construction operations.

1.04 SUBMITTALS

A. Conform to requirements of Section 01330 - Submittal Procedures.

B. Schedule of testing, service connections, abandonment, backfill, and site 
restoration.

C. Sample of notices to residents outlining their responsibility for maintenance of 
site improvements adjacent to the Project that are not disturbed by 
construction operations

1.05 SCHEDULING

A. Schedule testing, service connections, abandonment, backfill and site 
restoration immediately following completion of pipe laying work or paving 
within each block or line segment.

B. Phased Construction:

1. Commencement of subsequent Phase will follow scheduling of site 
restoration of prior Phase. Limit work to a maximum of two Phases of 
the project.

C. Construction of Projects with no Phases listed in Section 01110- Summary of 
Work:

1. Complete site restoration prior to disturbing over 50% of total project 
linear feet or 2,000 linear feet, whichever is greater, of right-of-way or 
easement.

2. Limit work to a maximum of 50% of total project linear feet or 2,000 
linear feet, whichever is greater, of right-of-way and easement.
Commence work in additional right-of-way or easement after 
completion of site restoration.
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PART 2 P R O D U C T S

2.01 MATERIALS

A. Pavement, Sidewalks and Driveways:  Materials specified in Section 02951 -
Pavement Repair and Resurfacing.

B. Seeding and Sodding:  Sod specified in Section 02922 - Sodding and Seed 
specified in Section 02921 - Hydromulch Seeding.

C. Trees, Shrubs and Plantings:  Conform to requirements of Section 01562 –
Tree and Plant Protection.

PART 3    E X E C U T I O N

3.01 Preparatory Work

A. Provide cleanup and restoration crews to work closely behind pipe laying and 
roadway construction crews, and where necessary, during testing, service 
restoration, abandonment, backfill and surface restoration.

B. Water Lines:  Unless otherwise approved by Project Manager, comply with 
the following:

1. Once Project Manager approves work within a Phase, immediately 
begin preparatory work for disinfection effort.

2. No later than three days after completing disinfection preparatory 
work, submit to City appropriate request for disinfection.

3. If City fails to perform initial disinfection of lines in accordance with 
Section 2514 - Disinfection of Water Lines, within seven days from 
submission of appropriate request, and if approved by Project 
Manager, pipe laying operations may continue beyond approved limits 
until the City responds.

4. Immediately after transfer of services, begin abandonment of old water 
lines and site restoration.

C. Wastewater Lines: 

1. Once Project Manager approves work within a Line Segment, 
immediately begin preparatory work for testing effort.
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2. No later than three days after completing preparatory work for testing, 
initiate testing work.

3. Immediately after transfer of service connections, begin abandonment 
of old wastewater lines, and site restoration.

D. Street Construction and Paving Projects

1. Once Project Manager approves work within a Line Segment or block, 
immediately begin preparatory work for testing effort.

2. No later than three days after completing preparatory work for testing, 
initiate testing work.

3. Immediately after testing begin site restoration.

E. Street Construction and Paving Projects

1. Once Project Manager approves work within a block, immediately 
begin preparatory work for sidewalk construction, sodding and 
hydromulching and tree planting.

2. No later than seven days after completing preparatory work, initiate 
construction.

3.02 CLEANING

A. Remove debris and trash to maintain a clean and orderly site in accordance 
with requirements of General Conditions and Section 01576 - Waste Material 
Disposal.

3.03 LANDSCAPING AND FENCES

A. Seeding and Sodding.

1. Remove construction debris and level area with bank sand so that new 
grass surface matches level of existing grass and maintains pre-
construction drainage patterns.  Level and fill minor ruts or 
depressions caused by construction operations with bank sand, where 
grass is still viable.

2. Restore previously existing turfed areas with sod and fertilize in 
accordance with Section 02922 - Sodding.  Sod to match existing turf.
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3. Restore unpaved areas not requiring sodding with hydromulch seeding 
conforming to Section 02921 - Hydromulch Seeding.

B. Trees, Shrubbery and Plants.

1. Remove and replant trees, shrubs, and plants in accordance with 
requirements of Section 01562 – Tree and Plant Protection.

C. Fence Replacement.

1. Replace removed or damaged fencing to equal or better condition than 
existed prior to construction, including concrete footings and mow 
strips.  Provide new wood posts, top and bottom railing and panels.
Metal fencing material, not damaged by the Work, may be reused.

2. Remove and dispose of damaged or substandard material.

3.04 MAINTENANCE

A. Maintain shrubs, plantings, sodded areas and seeded areas.

B. Replace shrubs, plantings and seeded or sodded areas that fail to become 
established.

C. Refer to Section 01562 - Tree and Plant Protection, Section 02921 -
Hydromulch Seeding and Section 02922 - Sodding for maintenance 
requirements.

END OF SECTION
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Section 01755

STARTING SYSTEMS

PART 1 G E N E R A L

1.01 SECTION INCLUDES

A. Starting systems.

B. Demonstration and instructions.

C. Testing, adjusting and balancing.

PART 2 P R O D U C T S - Not Used

PART 3 E X E C U T I O N

3.01 PREPARATION

A. Coordinate schedule for start-up of various equipment and systems.

B. Notify Project Manager seven days prior to startup of each item.

C. Verify each piece of equipment or system has been checked for proper 
lubrication, drive rotation, belt tension, control sequence, or other damage-
causing conditions.

D. Verify tests, meter readings, and specified electrical characteristics agree with 
those required by equipment or system manufacturer.

E. Verify wiring and support components for equipment are complete and 
tested.

F. Execute start-up under supervision in accordance with manufacturer's 
instructions.

G. When specified in individual Specification sections, require manufacturer to 
provide an authorized representative to be present at the site to inspect, 
check and approve equipment or system installation prior to start-up, and to 
supervise placing equipment or system in operation.



CITY OF HOUSTON
STARTING SYSTEMS STANDARD GENERAL REQUIREMENT

01755-2
08-01-2003

H. Submit written report indicating that equipment or system has been properly 
installed and is functioning correctly.

3.02 DEMONSTRATION AND INSTRUCTIONS

A. Demonstrate operation and maintenance of Products to Project Manager two 
weeks prior to Date of Substantial Completion.

B. Utilize O&M Manuals as the basis for instruction.  Review contents of manual 
with Project Manager in detail to explain aspects of operation and 
maintenance.

C. Demonstrate start-up, operation, control, adjustment, trouble-shooting,
servicing, maintenance, and shutdown of each item of equipment at agreed-
upon times, at the equipment location.

D. Prepare and insert additional data in O&M Manuals when the need for 
additional data becomes apparent during instruction.

E. At a minimum, Contractor will demonstrate the following:

1. Products and procedures to be used in maintaining various surfaces, 
e.g., counter tops, toilet partitions, tile floors and carpeting;

2. procedures to set and maintain landscape irrigation system;

3. procedures to set and maintain security and fire alarm systems; and

4. procedures to set and maintain HVAC systems.

3.03 TESTING, ADJUSTING AND BALANCING

A. Contractor shall appoint, employ and pay for the services of an independent 
firm to perform testing, adjusting and balancing.

B. Submit reports by the independent firm to Project Manager describing 
observations and results of tests and signifying compliance or non-
compliance with specified requirements and requirements of the Contract.

END OF SECTION
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Section 01770

CLOSEOUT PROCEDURES

PART 1 G E N E R A L

1.01 SECTION INCLUDES

A. Procedures to establish Date of Substantial Completion.

B. Closeout procedures for final submittals, O&M data, warranties, spare parts 
and maintenance materials.

C. Texas Department of Licensing and Regulation (TDLR) inspection for Texas 
Accessibility Standards (TAS) compliance.

1.02 SUBSTANTIAL COMPLETION

A. Comply with Document 00700 - General Conditions regarding Date of 
Substantial Completion when Contractor considers the Work, or portion 
thereof designated by Project Manager, to be substantially complete.

B. Insure the following items have been completed when included in the Work,
prior to presenting a list of items to be inspected by Project Manager for 
issuance of a Certificate of Substantial Completion:

1. cutting, plugging, and abandoning of water, wastewater, and storm 
sewer lines, as required by Contract documents for each item;

2. construction of, and repairs to, pavement, driveways, sidewalks, and 
curbs and gutters;

3. sodding and hydromulch seeding, unless waived by Project Manager 
in writing;

4. general clean up including pavement markings, transfer of services, 
successful testing and landscape;

5. additional requirements contained in Section 01110 - Summary of 
Work.

C. Assist Project Manager with inspection of Contractor's list of items and 
complete or correct the items, including items added by Project Manager, 
within specified time period.
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D. Should Project Manager's inspection show failure of Contractor to comply 
with requirements to obtain Date of Substantial Completion, including those 
items in Paragraph 1.02 B. of this section, Contractor shall complete or 
correct the items, before requesting another inspection by Project Manager.

1.03 CLOSEOUT PROCEDURES

A. Comply with Document 00700 - General Conditions regarding final 
completion and final payment when the Work is complete and ready for 
Project Manager's final inspection.

B. Provide Project Record Documents in accordance with Section 01785 -
Project Record Documents.

C. Complete or correct items on punch list, with no new items added.  Address 
new items during warranty period.

D. The City will occupy portions of the Work as specified in other sections.

1.04 FINAL CLEANING

A. Execute final cleaning prior to final inspection.

B. For facilities, clean interior and exterior glass and surfaces exposed to view; 
remove temporary labels, stains and foreign substances, polish transparent 
and glossy surfaces, vacuum carpeted and soft surfaces.

C. Clean equipment and fixtures to sanitary condition.

D. Clean or replace filters of operating equipment.

E. Clean debris from roofs, gutters, down spouts, and drainage systems.

F. Clean site; sweep paved areas, and rake clean landscaped surfaces.

G. Remove waste and surplus materials, rubbish, and temporary construction 
facilities from site following final test of utilities and completion of the Work.

1.05 ADJUSTING

A. Adjust operating equipment to ensure smooth and unhindered operation.
Value of this testing and adjusting is five percent of Lump Sum Price in the 
Schedule of Values for item being tested.
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1.06 OPERATION AND MAINTENANCE DATA

A. Submit O&M data as noted in Section 01330 - Submittal Procedures.

B. Five percent of lump sum amount of each piece of equipment as indicated in 
Schedule of Unit Price Work or Schedule of Values will be paid after the 
required O&M data submittals are received and approved by Project 
Manager.

1.07 WARRANTIES

A. Provide one original of each warranty from Subcontractors, Suppliers, and 
manufacturers.

B. Provide Table of Contents and assemble warranties in a 3-ring/D binder with 
durable plastic cover.

C. Submit warranties prior to final progress payment.

D. Warranties shall commence in accordance with the requirements in 
Document 00700 - General Conditions.

1.08 SPARE PARTS AND MAINTENANCE MATERIALS

A. Provide Products, spare parts, maintenance and extra materials in quantities 
specified in individual Specification sections.

B. Deliver to a location within the City limits as directed by Project Manager.
Applicable items must be delivered prior to issuance of a final Certificate for 
Payment.

PART 2 P R O D U C T S -  Not Used

PART 3 E X E C U T I O N -  Not Used

END OF SECTION
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Section 01782

OPERATIONS AND MAINTENANCE DATA

PART 1 G E N E R A L

1.01 SECTION INCLUDES

A. Submittal requirements for equipment and facility Operations and
Maintenance (O&M) Manuals

1.02 MEASUREMENT AND PAYMENT

A. Measurement for equipment O&M Manuals is on a lump sum basis equal to 
five percent of the individual equipment value contained in Schedule of Unit 
Prices or Schedule of Values.  The lump sum amount may be included in the 
first Progress Payment following approval of the O&M Manuals by Project 
Manager.

1.03 SUBMITTALS

A. Conform to requirements of Section 01330 - Submittal Procedures.  Submit a 
list of O&M Manuals and parts manuals for equipment to be incorporated into 
the Work.

B. Submit documents with 8-1/2 x 11-inch text pages, bound in 3-ring/D binders 
with durable plastic covers. 

C. Print "OPERATION AND MAINTENANCE INSTRUCTIONS", Project name, 
and subject matter of binder on covers when multiple binders are required.

D. Subdivide contents with permanent page dividers, logically organized
according to the Table of Contents, with tab titling clearly printed under 
reinforced laminated plastic tabs.

E. O&M Manual contents:  Prepare a Table of Contents for each volume, with 
each Product or system description identified.

1. Part 1 -  Directory:  Listing of names, addresses, and telephone 
numbers of Design Consultant, Contractor, Subcontractors, and major 
equipment Suppliers.
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2. Part 2 - O&M instructions arranged by system.  For each category, 
identify names, addresses, and telephone numbers of Subcontractors 
and Suppliers and include the following:
a. Significant design criteria.
b. List of equipment.
c. Parts list for each component.
d. Operating instructions.
e. Maintenance instructions for equipment and systems.
f. Maintenance instructions for special finishes, including 

recommended cleaning methods and materials and special 
precautions identifying detrimental agents.

3. Part 3 - Project documents and certificates including: 
a. Shop Drawings and relevant data.
b. Air and water balance reports.
c. Certificates.
d. Photocopies of warranties.

F. Submit two copies of O&M Manuals and parts manuals, for review, within one 
month prior to placing the equipment or facility in service.

G. Submit one copy of completed volumes in final form 10 days prior to final 
inspection.  One copy with Project Manager comments will be returned after 
final inspection.  Revise content of documents based on Project Manager's 
comments prior to final submittal.

H. Revise and resubmit three final volumes within 10 days after final inspection.

1.04 EQUIPMENT O&M DATA

A. Furnish O&M Manuals, prepared by manufacturers for all equipment.
Manuals must contain, as a minimum, the following:

1. Equipment functions, normal operating characteristics, and limiting 
conditions.

2. Assembly, Installation, alignment, adjustment, and checking
instructions.

3. Operating instructions for start-up, normal operation, regulation and 
control, normal shutdown, and emergency shutdown.

4. Detailed drawings showing the location of each maintainable part and 
lubrication point with detailed instructions on disassembly and 
reassembly of the equipment.
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5. Troubleshooting guide.

6. Spare parts list, predicted life of parts subject to wear, lists of spare 
parts recommended to be on hand for both initial start-up and for 
normal operating inventory, and local or nearest source of spare parts 
availability.

7. Outline, cross-section, and assembly drawings with engineering data 
and wiring diagrams.

8. Test data and performance curves.

B. Furnish parts manuals for all equipment, prepared by the equipment 
manufacturer, which contain, as a minimum, the following:

1. Detailed drawings giving the location of each maintainable part.

2. Spare parts list with predicted life of parts subject to wear, lists of 
spare parts recommended on hand for both initial start-up and for 
normal operating inventory, and local or nearest source of spare parts 
availability.

PART 2 P R O D U C T S -  Not Used

PART 3 E X E C U T I O N -  Not Used

END OF SECTION
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SUPPLEMENTARY SPECIFICATION  

 
Section 01782 S 

 
OPERATIONS AND MAINTENANCE DATA 

 
 
The following supplement modifies Specification Section 01782. Where a portion of the 
Specification is modified or deleted by this supplementary specification, the unaltered 
portions of the specification shall remain in effect.  
 
 
 
1. Delete paragraph 1.03.B.  and replace it with the following: 

 
B. Submit three (3) copies for review and six (6) copies final. All drawings 

larger than 11 inches x 17 inches shall include a reproducible sepia for 
review, mark-up and reproduction.  Submit all documents in a 3-ring binder 
with durable plastic covers except for sepias.  Provide a cover page that 
has minimum of 75% of the space available for approval stamps and 
comments. 

 
2. Delete Paragraphs 1.03.F., G. and H. and replace with the following: 

 
F. Within one month prior to scheduling training of the owner's staff and prior 

to placing the equipment in service, submit three (3) copies of O&M manual 
and parts for review. 

 
G. Submit one copy of revised volumes, incorporating review comments, in 

final form 10 days prior to final inspection.  One copy with Project Manager’s 
comments will be returned after final inspection.  Revise content of 
documents based on Project Manager's comments prior to final submittal. 

 
H. Revise and resubmit eight (8) final volumes within 15 days after final 

inspection. 
 

I. The Contractor is responsible for producing an O&M manual both written 
format and in electronic format on a CD ROM Drive.  O&M print manual and 
CD ROM should be in latest version of Microsoft Word and on other industry 
standard software for viewing charts, graphics on other material that are not 
compatible with Microsoft Word.  Contractor to supply the additional 
software other than Microsoft Word. 
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The Contractor shall include as part of the O&M manual a video of the 
training, equipment maintenance, repair and service procedures for 
electrical and SCADA equipment.  This video shall be provided on the CD 
ROM for viewing with all necessary software. 
 

J. Drinking Water Operations will provide the Contractor a Microsoft Excel 
template prior to substantial completion. The Contractor shall provide 
information in the database for any new assets and/or any assets removed 
from service.  The database shall be submitted to Drinking Water 
Operations prior to final inspection. 

 
 

END OF SUPPLEMENT 
 
 
Approved By: 
 
 
 
______________________________                               ________________________  
Sonny Do, P.E.  Date 
Acting Assistant Director 
Water Engineering Section 
Engineering and Construction Division 
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Section 01785

PROJECT RECORD DOCUMENTS

PART 1 G E N E R A L

1.01 SECTION INCLUDES

A. Maintenance and submittal of record documents and Samples.

1.02 MAINTENANCE OF DOCUMENTS AND SAMPLES

A. Maintain one record copy of documents at the site in accordance with Document
00700 - General Conditions.

B. Store record documents and Samples in field office, if a field office is required by
the Contract, or in a secure location.  Provide files, racks, and secure storage for
record documents and Samples.

C. Label each document "PROJECT RECORD" in neat, large, printed letters.

D. Maintain record documents in a clean, dry, and legible condition.  Do not use 
record documents for construction purposes.  Do not use permit drawings to
record Modifications to the Work.

E. Keep record documents and Samples available for inspection by Project
Manager.

F. Bring record documents to progress review meetings for viewing by Project
Manager and, if applicable, Design Consultant.

1.03 RECORDING

A. Record information legibly with red ink pen on a set of blueline opaque drawings,
concurrently with construction progress.  Maintain an instrument on site at all
times for measuring elevations accurately. Do not conceal work until required 
information is recorded

B. Contract Drawings and Shop Drawings: Mark each item to record completed
Modifications, or when minor deviations exist, the actual construction including:

1. Measured depths of elements of foundation in relation to finish first 
floor datum.

2. Measured horizontal locations and elevations of Underground Facilities 
and appurtenances, referenced to permanent surface improvements.
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3. Elevations of Underground Facilities referenced to City of Houston
benchmark utilized for the Work.

4. Measured locations of internal utilities and appurtenances concealed in 
construction, referenced to visible and accessible features of the Work.

5. Dimensions and details of field changes

6. Changes made by Modifications.

7. Details not on original Drawings.

8. References to related Shop Drawings and Modifications.

C. Survey all joints of water mains at the time of construction.  Record on Drawings,
water main invert elevation, elevation top of manway, and centerline horizontal 
location relative to baseline.

D. For large diameter water mains, mark specifications and addenda to record:

1. Manufacturer, trade name, catalog number and Supplier of each 
Product actually Installed.

2. Changes made by Modification or field order.

3. Other matters not originally specified.

E. Annotate Shop Drawings to record changes made after review.

1.04 SUBMITTALS

A. At closeout of the Contract, deliver Project record documents to Project
Manager.

PART 2 P R O D U C T S -  Not Used

PART 3 E X E C U T I O N -  Not Used

END OF SECTION
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SUPPLEMENTARY SPECIFICATION  

 
Section 01785 S 

 
PROJECT RECORD DOCUMENTS 

 
 
The following supplement modifies Specification Section 01785. Where a portion of the 
Specification is modified or deleted by this supplementary specification, the unaltered 
portions of the specification shall remain in effect.  
 
1. Delete paragraph 1.04.A. and replace it with the following: 

 
A. At contract closeout, deliver Project Record Documents to the City 

Engineer, and a master copy in electronic format of all electrical 
product/equipment maintenance and specification data, including a 
complete updated record set of shop drawings in AutoCAD format to the 
Electrical Reliability Project Manager. 

 
Note: Electronic format expressly referred to in this specification is all 
product data and specifications in any MS Office or flash animation format 
and all drawings in AutoCAD. 
 

 
END OF SUPPLEMENT 

 
 
Approved By: 
 
 
 
______________________________                               ________________________  
Sonny Do, P.E.  Date 
Acting Assistant Director 
Water Engineering Section 
Engineering and Construction Division 
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Section 02529 
 

WATER WELLS 
 

PART 1 G E N E R A L 
 
1.01 SECTION INCLUDES  
 
A. Contractor shall drill, collect drill cutting samples, and log pilot hole. 
 
B. Contractor shall analyze all data from pilot hole and present written report to City 

with recommendations for completion of water well.  
 
C. City shall review Contractor's recommendations, including the final depths and 

material settings for the well.  
 
D. Either City or Contractor may elect to abandon pilot hole without proceeding 

further. 
 
E. If pilot hole is not abandoned, Contractor shall complete construction, development 

and testing of well according to Contract Documents, including meeting all 
guarantees. 

 
F. Disinfect well.  
 
1.02 UNIT PRICES  
 
A. The actual payment for the well will be based on the Contractor's Schedule of 

Values for the well, as determined by Items 1 through 19 of the Base Bid Section 
of Document 00410 - Bid Form, adjusted as necessary by the prices in Items 20 
through 38 of the Extra Unit Price Section. 

 
B. No progress payments will be made for any part of a water well, except 

mobilization, a successfully completed pilot hole meeting the specifications and 
any water samples collected, until all the work on the well is completed and initial 
performance guarantees are shown to have been met. This provision applies to 
the well only and not to the permanent pump, motor, electrical work, discharge 
piping, and other above-ground installations. If a decision is made to abandon the 
pilot hole, payments will be made for mobilization, water samples collected and 
abandonment in accordance with the specifications as provided by subsection 3.01 
E of Section 02529. 

 
1.03 RELATED WORK  
  
A. Drawings: The work to be done under these specifications is described in part by 

the plans. 
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1.04 QUALITY ASSURANCE  
 
A. Character of Workmen: The Contractor shall employ only competent workmen, 

skilled in the performance of the type of work required under the contract, to do the 
work. Through the entire course of the work on the well, a driller or foreman in 
charge and on the job in the field at the well for at least one tour per day shall have 
had experience in charge of similar work on at least five previous water wells of 
equal or greater size constructed in the Texas Gulf Coast area. Further, during all 
work on underreaming, setting the liner, graveling the well, and developing the 
well, a driller or foreman of at least that much experience shall be on this job in the 
field continuously at the well; and for all parts of such work which are conducted 
on a basis of more than 16 hours per calendar day, at least two such experienced 
drillers or foremen shall be assigned to the work so one can remain active on the 
job while the other rests. 

 
B. Drilling Equipment: The water well shall be drilled with conventional rotary water 

well drilling equipment. All equipment used in the construction of the well shall be 
in good condition and at least of such size and capacity as is normally used by 
water well contractors for construction of wells of the size and diameters described 
in these contract documents. The mud pump furnished with the drilling rig shall be 
capable of circulating the drilling fluid with sufficient velocity to remove the drill 
cuttings from the hole within a reasonable time interval. The pump shall be capable 
of providing an average uphole fluid velocity of at least 125 feet per minute in the 
pilot hole. The City shall have the right to approve or reject the types of drilling rig 
and equipment used, but approval by the City will not remove the Contractor's 
responsibility to furnish equipment that will efficiently complete the work as 
specified. 

 
C. Mud Control and Testing: A record of the types and amounts of drilling mud or mud 

additives added during each 8-hour tour and the times at which it is added shall be 
recorded on each tour progress report. The drilling mud or mud additives shall be 
manufactured by Baroid, Dresser Magcobar, or other drilling mud companies 
approved by the City. The Contractor shall maintain laboratory equipment for the 
control of drilling mud during all drilling operations. Mud weight, viscosity, water 
loss, pH, sand content and mud cake thickness shall be measured and recorded 
at least twice during each 8-hour tour. These tests shall be run in accordance with 
the American Petroleum Institute Standard Procedure (API, RP1 3B, Tenth Edition, 
June 1, 1984) for field testing drilling fluids using the following procedures given 
therein: mud weight - Section 1.3, page 4; viscosity - Section 2.3, page 6; water 
loss and mud cake thickness - Section 3.3, page 10; and sand content - Section 
5.3, page 16. Measurement of pH using color matching paper and sticks shall be 
acceptable for simple water muds. The Contractor shall control the mud 
characteristics so that good drill cutting samples can be obtained and a minimum 
of time and effort will be required for removal of the mud cake during development 
of the well. During normal operations, the Contractor shall follow the guidelines for 
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maintaining the drilling fluid as outlined in Section 4.7.3 of AWWA A100 unless the 
Contractor gives notice to the City and obtains approval of exceptions taken to 
those guidelines. Under unusual conditions and in emergencies or extreme 
circumstances, the Contractor may deviate from such guidelines without advance 
notice to or approval from the City if the Contractor considers this necessary to 
protect the well and/or meet the performance guarantees. 

 
D. Water for Drilling and Testing: Water for the drilling operations shall be obtained 

from City of Houston fire hydrants, if available, at points designated by the City 
Engineer. It shall be the Contractor's responsibility to provide and maintain 
pumping equipment and water supply connections for his use and to install and 
maintain all necessary supply connections and piping for same. The Contractor 
shall pay the City for the water used. If water is not available from a City fire hydrant 
or a connection at the water plant, the Contractor shall construct a water supply at 
the well site. 

 
E. Disinfection of Well: Except as noted herein, disinfection procedures shall be in 

accordance with AWWA Standards for Disinfection of Wells - ANSl/AWWA C654.  
 
1.05 SUBMITTALS 
 
A. Drilling Equipment:  
 

1. Before the City issues a work order, the Contractor shall provide the 
following information in writing to the City, and answer any other questions 
the City may have with respect to the equipment the Contractor proposes 
to use. 

 
Make of Rig  
 
Model and Year Condition   
 
Type of Derrick or Mast  Capacity (pounds)   
 
Height of Derrick or Mast  
 
Drawworks Capacity (feet)  
 
Horsepower of Drawworks Engine  
 
Size and Type of Mud Pump  

 
Pumping Rate of Mud Pump  
 
Horsepower of Engine Driver on Mud Pump  
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Description of Hydraulic Graveling Machine  
 
Description of Underreamer  
 
Present Location of Rig and Equipment  

 
B. Workmen: The Contractor shall furnish to the City a written experience record for 

each driller or foreman at the time the driller or foreman commences work on this 
project. The Contractor shall provide a verbal report to the City that the required 
personnel are available and assigned to this project at least one d ay before they 
are required to be on the job. 

 
C. Professional Analyst: The Contractor shall provide the City an education and 

experience record for the professional logging analyst who will analyze the 
geophysical logs. 

 
D. Geophysical Logs: The Contractor shall provide the City a calibration verification 

limits summary for each logging tool which will be used when logging the pilot hole 
prior to the logging.  

 
E. Welding Methods and Procedures: Submit qualification and certification materials 

as required by subsection 3.04 of Section 01110 - Summary of Work. 
 
F.  Gravel: The Contractor shall provide Toxicity Characteristic Leaching Procedure 

(TCLP) test results on the gravel filter material. Additionally, the Contractor should 
provide certification stating that gravel conforms to Section 4.3.4 of AWWA A100.  

  
G. Drill Cutting Samples: The Contractor shall submit three copies of sieve analyses 

results on all drill cutting samples of water-bearing sands.  
 
H. Surface Casing: The Contractor shall provide the City with clearly legible mill test 

certificates in English for casing used in each well.  
 
I. Production Casing: The Contractor shall provide the City with clearly legible mill 

test certificates in English for blank pipe and screen used in each well. The type 
and description of screen components shall be submitted to the City before it is 
ordered by the Contractor. 

 
J. Contractor's Evaluation: The Contractor shall provide the City an evaluation of 

each pilot hole and recommendations for completion of each well to comply with 
specified performance guarantees in accordance with paragraph 3.01 D of this 
specification section. 
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1.06 SCHEDULING WATER WELL WORK  
 
A. The Contractor may keep full drilling crews at work on the drilling rig continuously 

at least two tours per day, at least five days per week, throughout the drilling, 
construction, development and testing of the well until the well is completed, except 
at such times when doing so is in conflict with one or more City or other public 
agency ordinances.  

 
B. In any case, however, the following three operations at each well shall each be a 

continuous operation: (1) the final reaming of the hole for the surface casing, the 
alignment survey of the reamed hole, and the setting and cementing of the surface 
casing; (2) the scraping of the underreamed hole, the section gauge log of the 
underreamed hole, and the placement of the production casing and gravel in the 
well; and (3) the 36-hour continuous pumping test. The Contractor shall schedule 
the work on these continuous operations so there shall be no waiting time on 
equipment or materials during such operations. The Contractor shall obtain any 
necessary special permits from the City for these continuous operations in 
advance of commencing the operations. If any special equipment is required for 
the work in order to meet this requirement and obtain the necessary permits, the 
Contractor shall obtain and use such special equipment at his own expense. 

 
C. No charge shall be made to the Contractor by the City for City's inspectors required 

for weekend or holiday inspection on this work. 
 
1.07 COMPLETED WELL  
  
A. The completed well shall be left by the Contractor in good condition, meeting all 

the requirements of these specifications as to the diameter, material settings, 
alignment, performance characteristics, and the like.  

 
B. Upon completion of the well, the Contractor shall furnish in triplicate a complete 

written log of the well showing the formations encountered, the types and locations 
of all material settings, pumping test data, pump and motor data and manuals, 
electrical equipment and controls data, mechanical equipment data, water-level 
measuring equipment data, SCADA equipment data, and all other pertinent 
information required to complete properly detailed records of the well.  

 
1.08 PRODUCT DELIVERY, STORAGE AND HANDLING  
 
A. Sack Cement and Mud-Removing Chemicals: 
 

1. Store in weathertight enclosures and protect against dampness and 
contamination.  

 
2. Store off ground and in a building, if necessary. 
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B. Surface and Production Casing:  
 

1. Store on pipe racks or on wooden or steel sills. 
 
2. Move material in a safe manner to prevent damaging it. 

 
C. Well Gravel:  
 

1. Use handling methods that prevent contamination.  
 
2. Store any bagged material in a manner to prevent breakage of container. 
 
3. Stockpile any bulk material to protect it from contamination from soil. 
 
4. Convey gravel in clean containers, i.e. trucks, scooploader buckets, bags, 

etc. 
 
PART 2 P R O D U C T S 
 
2.01 SURFACE CASING OF WELL 
  
A. The surface casing shall be new API Spec 5L line pipe, Grade B or equal, with 

plain ends beveled for welding, ERW or seamless welded. 
 
B. Surface casing for D203 Well No. 3 shall be 20-inch O.D.; minimum wall thickness 

to be 0.50 inch. 
 
2.02 CEMENT 
 
A. The cement for cementing the surface casing in place shall be neat cement as 

specified in the most current AWWA Standard for Water Wells and to which a 
maximum of 6%, by dry weight, bentonite and 2%, by dry weight, calcium chloride 
may be added. 

 
B. Class A neat cement slurry shall weigh 15.6 pounds per gallon, Class A cement 

slurry with 4 percent gel additive shall weigh 14.1 pounds per gallon, and Class A 
cement slurry with 6 percent gel additive shall weigh 13.5 pounds per gallon. 

 
2.03 PRODUCTION CASING OF WELL  
 
A. The blank pipe in the production casing for D203 Well No. 3 shall be new API Spec 

5L line pipe, Grade B or equal, with plain ends beveled for welding. Payment due 
the Contractor shall be adjusted on the basis of add and deduct prices provided in 
Document 00410 - Bid Form.  
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B. Blank pipe in the production casing for D203 Well No. 3 shall be 14-inch O.D., 
minimum wall thickness of 0.500 inch 

 
C. The upper portion of the blank liner shall be positioned inside the surface casing 

to form 80 feet of lap for the completed well.  
 
D. The screen in the production casing shall be new Houston Weld, All Welded, or 

Weld Underbar Pipe Base screen as manufactured by Alloy Machine Works, 
Weatherford/Johnson Screens or approved equal. The pipe used in the screen, 
before perforation, shall be the same as the pipe in the production casing. 

 
E. The steel pipe used in the D203 Well No. 3 screen shall be API Spec 5L line pipe, 

Grade B or equal, perforated to achieve at least 18 percent open area of the pipe 
under the screen. The bar spacers located on the outside of the perforated surface 
of the production casing shall be stainless steel, Type 316L, and shall be about 
0.10-inch thickness. The wire wrapping over the bars shall be stainless steel, Type 
316L.  

 
F.  The size of the screen openings to be used on the screen shall be selected by the 

Contractor based on the character and sieve analysis of the formation samples 
and the type and grading of the gravel selected. 

 
G. The type, description and size of the screen components which the Contractor 

proposes to use shall be submitted to the City for approval before it is ordered by 
the Contractor. 

 
2.04 BACK PRESSURE VALVE 
 
A. The back pressure valve assembly installed at the bottom of the production casing 

shall be at least 12-3/4-inch diameter, of cast iron construction, cone type, and 
spring loaded, as manufactured by Houston Well Screen, Abco-Vacucast Metals, 
or approved equal.  

 
2.05 GUIDE ON SURFACE CASING AND CENTRALIZERS ON PRODUCTION 

CASING  
 
A. Each surface casing guide shall be made of 1/4-inch steel, about 2 inches wide, 

bowed to a depth of about 2 inches, and about 12 inches long, welded to the 
surface casing at both ends. The centralizers on the production casing below the 
surface casing shall be Weatherford or Antelope balloon spring type or equal.  

 
2.06 GRAVEL 
 
A. The type and size of the gravel to be used shall be determined and selected by the 

Contractor based on the character and sieve analyses of the water-bearing 
formations. The gravel selected by the Contractor shall be one of or a mixture of 
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water well gravels furnished and processed by Unimin Texas Company at Voca, 
Texas; Premier Silica (formerly Carmeuse) at Brady, Texas; or approved equal. It 
shall be washed, screened, and without sharp edges. It shall be free of dirt, trash, 
clay and other foreign substances. Crushed gravel shall not be used. The gravel 
shall be approved by the City before being ordered. The Supplier shall provide 
Toxicity Characteristic Leaching Procedure (TCLP) test results on the gravel filter 
material for the City's approval. When the Contractor submits his written report and 
recommendations to the City after completion of the pilot hole, the Contractor shall 
provide the City with a certificate from the gravel company that the gravel he 
proposes to use conforms to Section 4.3.4 of AWWA A100 unless the differences 
are described in the certificate. 

 
2.07 MUD-REMOVING CHEMICALS 
 
A. Mud-removing chemicals used during development may include tripolyphosphate, 

sodium acid pyrophosphate, Laynite W-7, Bentonite Mud Remover, Well Kleen - 
W, or others acceptable to the City. 

 
PART 3 E X E C U T I O N 
 
3.01 PILOT HOLE  
 
A. General:  
 

1. A pilot hole will be drilled at the well site to the depth determined by the City. 
The approximate depth for each site is given in the Bid Form and shown on 
the plans. The purposes of the pilot holes are to obtain geologic and 
hydrologic information concerning the water-bearing formations at the sites, 
and for construction of the water well at the site. 

 
2. The pilot hole shall be drilled with a bit not larger than 9-7/8 inches and not 

smaller than 7-7/8 inches in diameter. 
 
3. During the drilling of the pilot hole, a detailed driller's log shall be kept of all 

formations encountered, giving complete descriptions of all formations. The 
Contractor shall record the type, character and depth of materials 
encountered, thickness of strata, and any additional information that may 
be helpful in interpreting the drilling log. All measurements for depths shall 
be referenced to existing ground surface at the well site. Upon completion 
of drilling, three copies of the driller's formation log shall be furnished to the 
City. 

 
4. A desander shall be provided to remove sand from the drilling fluid during 

the drilling of the pilot hole. 
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5. At least 20 feet of temporary 12-inch diameter casing shall be set in the top 
of the pilot hole. Cement shall be placed in the annular space between the 
pilot hole and the casing at the bottom of the casing so that all of the drilling 
mud and drill cuttings will circulate out of the pilot hole through the casing. 
The top of the casing shall extend above the natural ground level. A 2-inch 
sample flow line which extends from the casing to the drill cutting sample 
box shall be welded into the casing. If the contractor elects to also set a 
larger diameter casing outside the 12-inch diameter casing, the larger 
casing shall be set and cemented in place in a manner subject to approval 
by the City. 

 
B. Logs and Samples: 
 

1. Unless otherwise directed by the City, drill cutting samples shall be collected 
at intervals of no more than 10 feet from all sand sections encountered in 
the hole below the depth of 300 feet. Samples may be required at intervals 
of more or less than 10 feet as directed by the City. During drilling of the 
sands, the collection of samples shall be by use of the following method. 
The penetration of the bit shall stop when the top of the sampling interval is 
reached, and circulation of drilling fluid shall be continued for such time as 
is required for all cuttings to move from the last drilled section of the hole to 
the top of the ground.  The zone selected for sampling shall then be drilled. 
Penetration of the b it shall again be stopped and circulation of drilling fluid 
shall be continued for such time as is required for all the cuttings to move 
from the last drilled section of the hole to the top of the ground. A cutting 
sample shall then be carefully collected from the cutting sample box or 
another container proposed by the Contractor and approved by the City.  
The cutting sample box and method of collecting the samples shall be 
approved by the City. The principle of the cutting sample box is to divert a 
representative portion of the flow of mud and drill cuttings through the box 
continuously during the drilling. If a cutting sample box is used, it shall be 
24 inches wide, 18 inches deep, and 48 inches long.  One end of the box 
shall be equipped with 1" x 4" or 1" x 6" wooden boards which serve as a 
removable gate. The top of the box shall be sufficiently lower in elevation 
than the point where the 2-inch flow line leaves the 12-inch casing so that 
mud and cuttings will flow freely through the 2-inch line. The 2-inch flow line 
shall be adjustable so its slope from the 12-inch casing to the sample box 
can be changed.  The 2-inch flow line shall be equipped with an easily 
adjustable valve to adjust the flow rate. 

 
2. At the beginning of the sampling process, the Contractor shall evaluate the 

results being obtained with respect to obtaining adequate samples of the 
sands. If the results appear less than satisfactory, the Contractor shall 
adjust his procedures to obtain adequate samples. Any adjustment shall be 
subject to approval by the City. 
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3. Three portions, about 1/2 to 1 pint each, of each sample taken shall be 
preserved in cloth sample bags and marked as to well owner, well name 
and number, depth and date. One set of samples shall be retained on the 
job for inspection. The Contractor shall deliver one set of the samples to 
the City. The third set of samples shall be retained by the Contractor for 
sieve analyses. 

 
4. The Contractor may take any other drill cutting samples he desires, at any 

time and in any manner he wishes to take them, to assist him in his own 
evaluation and in selection of screen opening and gravel sizes and screen 
settings. 

 
5. The Contractor shall have standard sieve analyses of the grain sizes run on 

all drill cutting samples of water-bearing sands obtained from the pilot hole. 
At least 100 grams of sample shall be sieved and at least the following 
sieves in inches shall be used: 0.0331, 0.0278, 0.0234, 0.0197, 0.0165, 
0.0139, 0.0117, 0.0098, 0.0083, 0.0070, 0.0059, 0.0041 and 0.0029.  Prior 
to the making of the analyses, the Contractor shall obtain approval by the 
City of the laboratory or screen company and method and sieve sizes 
selected for the analyses.  Three copies of the results of the analyses shall 
be furnished to the City. 

 
6. Readings with a Baker-Hughes INTEQ mechanical drift indicator shall be 

made in the pilot hole at intervals of approximately 30 feet of depth to the 
total depth of the hole.  If any reading taken indicates a deflection of the 
hole from vertical of one degree or more, the Contractor shall correct the 
alignment so that the deflection from vertical is less than one degree or 
abandon and plug the pilot hole and drill at his own expense another pilot 
hole. The mechanical drift indicator disks shall be made available to the City 
during the course of the work. In case of disagreement between the 
Contractor and the City as to the mechanical drift indicator interpretations, 
the mechanical drift indicator disks shall be analyzed by INTEQ and two 
copies of INTEQ's interpretation of the survey shall be supplied to the City, 
all at the Contractor's expense. A full set of originals or exact copies of the 
disks, with their depths, shall be delivered to the City with the Contractor's 
report on the pilot hole provided for in these specifications. 

  
7. When the pilot hole has been drilled to the required depth, a Baker-Hughes, 

Halliburton or Schlumberger Dual Induction Focused Log with Gamma Ray 
Log, spontaneous potential, and a Compensated Neutron Formation 
Density Log shall be made in the pilot hole. The City may elect to have a 
Spectralog made in the pilot hole if it determines this is desirable after 
reviewing the Gamma Ray Log.  Payment due the Contractor for the 
Spectralog shall be based on the unit price provided in Document 00410 - 
Bid Form. When the required depth is reached, circulation shall continue 
until all drill cuttings have been removed from the hole and the drilling mud 
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in the hole is uniform and the logging service equipment is on location, after 
which the drill pipe may be removed from the hole. The logs shall be made 
immediately following removal of the drill pipe from the pilot hole. The scales 
of the logs shall be selected by the Contractor, subject to approval of the 
City. Ten field prints and ten finished copies of each log shall be delivered 
to the City. The field copies of the logs shall be approved by the City and 
the logging company analyst who is to analyze the logs before the logging 
service is released from the site by the Contractor. The logs shall also be 
provided to the City in an electronic version. 

 
8. Any water samples that may be authorized shall be collected from the test 

hole by the conventional temporary water well method as described in 
paragraph 3.01 C of this Section.  

 
C. Water Sampling:  
 

1. At the option of the City, water samples will be taken in the pilot hole from 
sand zones selected after the pilot hole is drilled. The City shall be allowed 
a total of three (3) working days to decide if water samples shall be taken 
and to inform the Contractor. Disinfection of equipment, gravel and test hole 
to be in accordance with ANSl/AWWA C654.  

 
2. Equipping Hole and Sampling Procedure: 

 
a. After the geophysical logs are run, the City shall select the zones in 

the pilot hole from which it desires water samples. The hole below 
the lowest zone selected for water samples then shall be filled with a 
mixture of selected sand and gravel by use of a tremie pipe. The 
Contractor shall then ream the pilot hole to a minimum diameter of 
12 inches to the bottom of the zone selected for water sampling and 
shall construct a temporary gravel-packed well with screen approved 
by the City and set opposite the deepest zone to be sampled. 

 
b. Upon completion of reaming, the Contractor shall set 4-inch l.D. 

minimum diameter line pipe casing with up to 30 feet of 4-inch l.D. 
minimum diameter well screen, at appropriate intervals designated 
by the City to test the zone selected for development.  The Contractor 
shall provide a tally of the length of each joint of casing and screen 
set for the water sampling operation.  The casing and screen shall 
be of sufficient strength to be retrieved from the test well upon 
completion of water-sampling procedures in order to allow 
construction of the water supply production well. The steel casing 
from ground level to a depth of 450 feet shall be 6-5/8 inches in 
diameter. The screen slot size shall retain at least 90 percent of the 
gravel pack material used for this temporary test well.  The bottom of 
the screen shall be fitted with a set nipple and back pressure valve 
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or a bull plug. The annulus between the casing and screen and the 
outer edge of the hole shall be filled with drilling mud to the land 
surface, and then with selected sand and gravel by use of a tremie 
pipe, set initially below the top of the screen, to a point at least 30 
feet above the top of the screen.  Water samples shall then be 
pumped from inside the casing. After this water-sampling operation 
is completed to the City's satisfaction, the casing and screen shall be 
pulled from the hole. Then the hole shall be filled by use of a tremie 
pipe with sand and gravel to the bottom of the second deepest zone 
from which water samples are desired in this hole.  Then a second 
temporary gravel-packed well shall be made, with screen opposite 
this zone, following the same procedure and specifications as in the 
sampling of the zone below.  Following the sampling of the second 
deepest zone, the next deepest zone shall be sampled, and so on 
until water samples have been obtained from all the zones from 
which the City desires such samples. Following all water-sampling 
procedures, the pilot hole shall again be cleaned out to its bottom.  

 
3. Development: After the materials are set in place for a water-sampling 

operation, the screened section shall be developed by washing with clear 
water and by agitating with air-lift pumping until the test well is fully 
developed and producing water which is clear and free from drilling fluid. If 
development with air fails to produce sufficient yield, Contractor shall 
continue development with surge plunger, jetting tool, or other agitating 
equipment as required to achieve a sustained yield acceptable to the City. 

 
4. Pumping:  

 
a. When the test well has been satisfactorily developed and when the 

water from the well is clear and acceptable to the City, the air 
development line shall be removed and a submersible pump shall be 
installed. The submersible pump shall have the capacity of at least 
100 gallons per minute at 500 feet of head. Provision for water level 
measurement by electrical measuring line or steel tape shall be 
made. Water level recordings shall be taken before, during and after 
pumping.  

 
b. The test well shall then be again pumped continuously with the 

submersible pump until the water is clear and acceptable to the City, 
but in no case shall the well be pumped for less than a total of 36 
hours at any zone (section) sampled.  The pumping rate shall be 
measured every 30 minutes during airlift and submersible pump 
pumping periods. 

 
c. A record of development and pumping time shall be maintained by 

the City. Development and pumping time shall start only after a 
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satisfactory seal above the screen is obtained, the air line for 
pumping is installed, and water is being produced from the formation. 
Time spent on rig, tool or equipment repairing, and waiting time for 
tools or equipment shall not be logged as pumping time. Should the 
seal fail to hold until all water sampling operations and water level 
measuring operations are completed as determined by the City, 
none of the preceding pumping time shall be charged to or paid for 
by the City. 

 
5. Water Samples: 

 
a. Samples of the water shall be collected from each zone when the 

minimum pumping period has elapsed and the water produced is 
acceptable to the City.  The Contractor shall not stop pumping the 
pilot hole until the City authorizes the pumping to be stopped.  The 
rate of pumping shall be measured and recorded together with the 
time of pumping. The temperature, pH and conductivity of the water 
pumped shall be measured and recorded. 

 
b. The Contractor shall collect water samples as may be required by 

the City at the end of the pumping period. Each sample shall be 
labeled with the hole number, date, time of collection, pumping rate, 
temperature of water, depth of screen setting, and name of collector. 
The Contractor shall have a qualified laboratory, approved by the 
City, take the necessary samples and make a complete chemical and 
radiological analysis of the water to include determination of all 
constituents included in an analyses of public drinking water by the 
TCEQ, as listed in the latest version of TCEQ Chapter 290 
Subchapter F, for drinking water, including:  

 
1) Inorganic compounds 
2) Synthetic Organic contaminants 
3) Volatile Organic contaminants 
4) Radionuclides: Gross Alpha, Gross Beta, Radium-226, 

Radium-228, Total Uranium and Radon-222 
5) Secondary Standards  
6) Lead and Copper 
7) Turbidity 
8) Additional constituents: Sodium, potassium, calcium, 

carbonate, bicarbonate, silica, nickel, total hardness and 
Langelier index 

 
The laboratory personnel also shall collect two one-gallon water 
samples and/or other water samples required by the City or Engineer 
and deliver the samples to the Engineer as a back-up sample if 
needed for additional analyses. 
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Contractor is responsible for all additional pumping, equipment and 
water sample analyses and all related costs that are necessary, if the 
pilot hole water sampling and analyses are not completed as 
specified. 

 
9) Samples to be kept at 4 degree centigrade in an ice cooler 

with appropriate preservatives during transport to the 
analytical laboratory. 

 
10) Provide three copies of results of all analyses to City along 

with the QA/QC data. 
 

6. Water Level Measurements:  Measurements of water levels inside the test 
well casing shall be made and recorded during the test well pumping period 
and for 2 hours after pumping has been stopped.  The water level 
measurements are to be made at intervals not exceeding 15 minutes each 
and the exact time of each measurement is to be recorded.  The 
measurements shall be made with a steel tape or electric measuring line to 
the nearest one-hundredth of a foot, and the exact position of the measuring 
point at the surface shall be described. 

 
7. Lost Materials in Hole: After the water level measurements are made, the 

Contractor shall remove the sampling materials consisting of casing, screen 
and other fittings from the pilot hole. In the event the Contractor is unable 
to remove all materials from the pilot hole, the Contractor, and not the City, 
shall be responsible for those materials lost in the hole and no extra 
payment shall be due to the Contractor for such loss.  Further, if the City so 
requires, the Contractor shall take such measures as may be necessary at 
his own expense to remove the lost materials, or the Contractor shall drill, 
at his own expense, another hole at the site to replace the hole lost as the 
result of the loss of these materials. In the event it is necessary for the 
Contractor to drill another hole at the site, the City will require the Contractor 
to plug the abandoned hole, entirely at the Contractor's expense, as 
described under paragraph 3.01 E of this Section.  

 
D. Contractor's Evaluation: After completion of the pilot hole according to and meeting 

all these Specifications, the Contractor shall p resent a written report to the City 
giving his recommendations for satisfactory completion of a water well meeting 
these Specifications and the required guarantees. The report shall include the 
sieve analyses of the formation samples, chemical analysis, results from any water 
sampling operations, the material settings recommended by the Contractor, the 
size of the screen openings that has been selected by the Contractor based on the 
character and sieve analyses of the formation samples, and the type and grading 
of gravel that the Contractor has selected for the well. The report shall also include 
a written technical analysis of the geophysical logs with regard to indication of 
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natural gas and uranium rich zones by the logging company professional analyst 
acceptable to the City. Samples of the gravel and sieve analyses of the gravel and 
the gravel company's certificate shall be delivered to the City for approval at the 
time the Contractor submits his evaluation of the pilot hole. The City's approval of 
the gravel or any other part of the Contractor's recommendations, however, shall 
in no way relieve the Contractor of meeting all the well performance guarantees 
required by these specifications and other contract documents. 

 
E. Abandonment: 
 

1. The amount to be paid by the City for mobilization will be as per Item 1 in 
Document 00410 - Bid Form. The amount paid by the City for drilling, 
sampling and logging the pilot hole, abandonment and plugging of the pilot 
hole, and site cleanup if a pilot hole is abandoned will be based on Items 23 
and 25 in Document 00410- Bid Form.  

 
2. After the pilot hole is completed and the Contractor has made his written 

report to the City and the City has reviewed the Contractor's report, the City 
shall have the right to abandon the hole because of in its opinion the water-
bearing formations have been found inadequate to make a well producing 
water of satisfactory quality and meeting the guarantees specified herein, 
or in case the City and Contractor cannot agree on the material settings or 
other recommendations by the Contractor for the well. The City Engineer 
may, at his option, lower the specific capacity guarantee and/or the 
suspended solids guarantee, all as the City considers to be reasonable. Any 
such decision by the City Engineer must be in writing, and the Contractor 
shall be bound by it. In the event that the pilot hole is abandoned, it shall be 
filled by placing neat cement plugs as required by the City and fresh heavy 
mud into the hole from the bottom of the hole to the land surface. The 
method used and the amount of cement and type and source of fresh heavy 
mud shall be approved by the City. The maximum amount of cement 
required by the City shall be 150 sacks. 

 
3. In the event the pilot hole is abandoned by decision of either the City or 

Contractor after it is completed according to and meeting all these 
Specifications, the site shall be cleaned up as provided in these 
Specifications and the City shall pay the Contractor for the abandoned pilot 
hole in accordance with Items 1, 23 and 25 in Document 00410 - Bid Form. 
This amount plus the cost for any water samples collected from the pilot 
hole then shall be the total payment made by the City to the Contractor for 
the work at this site.  If the City elects, this contract shall then be canceled 
with respect to this particular well, and no further payment shall be made to 
the Contractor for work or materials on this well. Alternatively, after making 
the payment to the Contractor for the abandoned pilot hole, the City shall 
also have the right to require the Contractor to start another well anew at 
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another site in the same general area, with no further additional payment, 
at the same prices given in the Proposal for the work at the original site. 

 
3.02 WATER WELL 
 
A. General: Based on the results of the pilot hole, and after receiving the Contractor's 

complete written recommendations and accompanying submittals as provided in 
these Specifications, the City will review the Contractor's recommendations, 
including the depth to which the Contractor recommends that the surface casing 
be set and the depths and lengths of the blank pipe and screen in the production 
casing, and the Contractor's recommendations shall be subject to the City's 
acceptance or rejection. The City shall be all owed a maximum of 6 working days 
for this review process. If the City requires more time than this, the scheduled 
completion time for the project will be increased accordingly, but no extra pay shall 
be due the Contractor for any down time. After this review process, either the City 
or the Contractor may elect to abandon the pilot hole as provided in paragraph 
3.01 E of this Section. Otherwise, the Contractor shall construct the well in the pilot 
hole, meeting all the provisions and guarantees of these Specifications and other 
contract documents.  

 
B. Plugging Pilot Hole Below Bottom of Well:  If the pilot hole has been drilled 

appreciably deeper than the total depth selected for the water well, the City may 
require that the pilot hole immediately below the bottom of the proposed water well 
be plugged with Portland cement. The placement of the cement plug shall be by 
pumping a cement slurry weighing approximately 15 pounds per gallon through 
the drill pipe into the hole at the depth directed by the City.  The plug shall contain 
30 sacks of cement unless otherwise ordered by the City.  The cement shall be 
tested at least 24 hours after placement, before the pilot hole is underreamed to 
the full diameter for the well, by placing at least 6,000 pounds of the weight of the 
drill pipe on top of the plug.  If the plug is not in an acceptable position, the top of 
the plug shall be corrected at the Contractor's expense.  The Contractor will be 
allowed to conduct reaming operations for setting the surface casing in the hole 
during the cement setting time.  The drilling fluid shall be treated to eliminate all 
cement contamination from the drilling mud prior to beginning any drilling 
operations after placing the cement plug. 

 
C. Surface Casing:  
  

1. Reaming: The pilot hole shall be stage pilot reamed for the surface casing 
to a minimum diameter of 6 inches greater than the outside diameter of the 
surface casing for the well. The hole from 10 feet below the setting depth of 
the surface casing shall not be reamed to a diameter greater than 12-1/4 
inches prior to setting and cementing the surface casing, without prior 
approval of the City. The surface casing shall be 20-inches O.D. in diameter. 

 
2. Alignment Survey: 
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a. After reaming and before the surface casing is installed, the 

alignment of the hole shall be checked by a Baker-Hughes INTEQ or 
Gyrodata continuous alignment survey, or approved equal, with 
readings at intervals no larger than 16 feet from the land surface to 
the depth selected for the bottom of the surface casing. The 
surveying instrument shall be held in the center of the hole with a 
guide or guides. The outside diameter of the guide shall be no more 
than 2 inches smaller than the nominal diameter of the hole, and the 
length of the guide shall be at least 16 feet. The alignment survey 
shall be interpreted and plotted at the well site by the well surveying 
company before the surface casing is placed in the hole. Two copies 
of the data and interpretive graphs shall be furnished to the City. 

 
b. For any 300-foot or shorter section of the hole surveyed, the center 

line of the hole shall not vary or deviate more than 10 inches from a 
straight line connecting the two center points of the hole at the ends 
of the section; and a straight line connecting the two center points of 
the hole at the ends of any 100-foot section shall not vary or deviate 
from a vertical line through one of these points by more than 18 
inches in the 100-foot section. If the alignment survey shows that a 
straight line connecting the two center points of the hole at the ends 
of any 100-foot section varies or deviates from a vertical line through 
one of these points by more than 18 inches in the 100-foot section, 
or if the alignment survey shows that the center line of the hole varies 
or deviates more than 10 inches from a straight line connecting the 
two center points of the hole at the ends of any 300-foot or shorter 
section, the Contractor shall correct the alignment and show by 
another alignment survey that it is corrected, or abandon and plug 
the hole and drill another hole at the site. 

  
3. Setting and Welding:  

  
a. The depth of setting is to be selected by the Contractor, subject to 

the City's acceptance, and welding of the casing shall be done in 
accordance with subsection 3.04 of Section 01110 - Summary of 
Work. 

 
b. The lower end of the surface casing shall be fitted with a standard 

combination float and guide shoe. 
 
c. The top of the casing shall extend 36 inches above the land surface 

prior to constructing the concrete pump foundation.  
 

4. Centering Guides:  The surface casing shall be equipped with sets of four 
centering guides, with the first set located about 4 feet above the bottom of 
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the casing and then one set at approximately 80-foot intervals above that to 
the surface to hold the casing in the center of the hole. 

 
5. Sizing and Alignment Test Inside Casing: After the surface casing is set in 

the hole, the Contractor shall run a 40-foot length of pipe or a dummy 
through the entire length of the casing to make sure that the casing has 
remained round and there are no sharp bends or "doglegs" in its alignment. 
This test, at the Contractor's option, may be conducted before or after the 
surface casing is cemented in place. The outer diameter of the pipe shall 
not be more than one inch smaller than the inside diameter of the surface 
casing. The pipe shall have a wall thickness of 3/8 inch. If the Contractor 
wishes, he may substitute a 40-foot dummy of equal rigidity for the pipe. 
The dummy shall have three rings attached to it, one at each end and one 
in the middle. Each of the rings shall be truly cylindrical and the outer 
diameter of the rings shall be no more than one inch smaller than the inside 
diameter of the casing. Should the pipe or dummy fail to move freely through 
the entire length of the surface casing, the Contractor shall at his own 
expense correct the problem so that the pipe or dummy does move freely 
through the entire length of the casing, or abandon and plug the hole and 
drill another hole at the site. 

 
6. Cementing:  

 
a. The surface casing shall be cemented in place with a minimum of 3 

inches of cement grout around the outside of the casing from bottom 
to top. Following setting of the casing and placement of the 
cementing pipe, circulation of drilling fluid in the annulus outside the 
casing shall be established for at least 30 minutes prior to starting 
the cementing operation. The cement shall be placed by a standard 
Halliburton cementing method that complies with 30 TAC 
§290.41(c)(3)(C), involving pumping from the bottom of the casing 
up the outside of the casing in a continuous operation, and by a well 
cementing company approved by the City. The cement used shall be 
in accordance with paragraph 2.02 A of this specification section. 
The slurry shall be weighed with a standard mud balance and the 
slurry weight shall be maintained as specified during the cementing 
operation. A reserve of at least 40 percent over the calculated 
volume of cement required for the cementing shall be stocked on 
location as a safety factor to fill washouts in the hole. The cement 
after placement shall be allowed to set for a period of not less than 
36 hours, after which the plug at the bottom of the casing may be 
drilled. The drilling fluid shall then be treated to eliminate all cement 
contamination prior to beginning any other drilling operations. 

 
D. Underreamed Hole Below the Surface Casing: 
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1. Method of Reaming, Diameter, and Section Gauge Log: The hole below the 
surface casing shall be underreamed to the required diameter to a depth at 
least 20 feet below the lowest water-bearing formation to be screened in the 
well. The underreaming shall be done with a Baker hydraulic underreamer 
or approved equal. After the hole has been underreamed to the total depth, 
the wall of the underreamed hole shall be scraped through its entire length 
with a Baker hydraulic underreamer or approved equal. A Schlumberger, 
Baker-Hughes or Halliburton Section Gauge Log shall be made of the 
underreamed hole after the underreamed hole is scraped. If the section 
gauge log shows that the diameter of the underreamed hole is less at any 
place than the diameter selected for the underreaming, the Contractor, if 
required by the City, shall increase the diameter to the required amount and 
show that this has been done by one or more additional Schlumberger or 
equal Section Gauge Logs made at the Contractor's own expense. Also, if 
required by the City, the wall of the underreamed hole shall again be 
scraped through its entire length with a Baker hydraulic underreamer or           
approved equal after any additional underreaming.  

  
2. Desander: A desander shall be provided to remove sand from the drilling 

fluid during the underreaming of the hole below the surface casing. The 
sand content in the drilling fluid being pumped through the drill pipe shall be 
less than 4 percent during the underreaming operations for the well. 

 
3. Bottom of Well: A 5-foot section below the bottom of the underreamed hole 

shall be pilot reamed to a diameter of approximately 4 inches greater than 
the diameter of the production casing to be installed. 

 
E. Production Casing: 
 

1. Material Settings: 
 

a. The lengths of the several components of the screen and blank pipe 
in the production casing and the positions at which the several 
components of the production casing shall be set in the well have 
been estimated as shown by the base lengths given in the Proposal 
and on the plans. The exact material settings will be selected after 
the pilot hole has been completed. 

 
b. Blank sections of production casing between aquifer sands screened 

shall not exceed 30 feet. A five-foot section of screen shall be set 
and alternate with each 30-foot section of blank production casing 
set opposite clays. 

 
c. The bottom end of the production casing shall consist of 25 feet of 

blank pipe, fitted with a back pressure valve, wooden wash plug and 
set nipple. 
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d. The top of the blank pipe in the production casing in the completed 

well shall be 80 feet above the bottom of the surface casing.  
 

2. Centering Fins and Centralizers on Production Casing: Groups of three 
centering fins (see Drawings) shall be placed on the outside of the blank 
pipe in the lap between the production casing and the surface casing. The 
first group of centering fins shall be about 5 feet above the bottom of the 
surface casing and a second group about 5 feet below the top of the blank 
pipe in the production casing. Centralizers shall be used at approximately 
80-foot intervals between the production casing and the underreamed hole. 

 
3. Welding:  Welding of the production casing shall be done in accordance 

with subsection 3.04 of Section 01110 - Summary of Work. 
 
4. Alignment Test Inside Production Casing:  After the production casing is 

made up and while it is still hanging in the top of the hole, the top 150 feet 
of the production casing shall be tested as follows. The Contractor shall run 
a 40-foot length of pipe or a dummy through the 150-foot length of the 
production casing to make sure that it has remained round and there are no 
sharp bends or "doglegs" in its alignment. The outer diameter of the pipe 
shall not be more than one inch smaller than the inside diameter of the 
production casing. The pipe shall have a wall thickness of at least 1/4 inch.  
If the Contractor wishes, he may substitute a 40-foot dummy of equal rigidity 
for the pipe. The dummy shall have three rings attached to it, one at each 
end and one in the middle. Each of the rings shall be truly cylindrical, and 
the outer diameter of the rings shall be no more than one inch smaller than 
the inside diameter of the liner. Should the pipe or dummy fail to move freely 
through the entire length of the production casing tested, the Contractor 
shall at his own expense correct the problem so that the pipe or dummy 
does move freely through this length of the production casing.  

 
F. Gravel Wall:  
 

1. Graveling Operation: After the production casing is in place, the annular 
space between the production casing and the face of the underreamed hole 
and between the production casing and the surface casing shall be filled 
with selected gravel to about 5 feet below the top of the liner in the well. The 
graveling operation shall be continuous until the top of the gravel is at the 
required position. The gravel shall be placed in the well through a gravel 
line which shall first be set at the bottom of the well and gradually withdrawn 
as the deposited gravel rises. All of the gravel shall be pumped from the 
surface through the gravel line. The amount of gravel placed in each 100 
feet of the underreamed hole shall be measured and recorded and the 
record maintained concurrently with the gravelling operation. 
Measurements shall be made in a manner acceptable to the City and shall 
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be accurate within 10 percent. A wash line shall be set inside the liner to the 
bottom of the production casing, and at the Contractor's option the well shall 
be washed through the back pressure valve during the graveling operation. 
A quantity of gravel amounting to at least 40 percent more than the 
calculated volume of the annular space between the underreamed face of 
the well and the outside of the liner, plus the annular space between the 
liner and the surface casing, shall be stocked on location before the 
graveling operation is started. The gravel shall be protected from 
contamination with soil. After development, testing and completion of the 
well, the gravel shall be checked and returned to the above required level.  

 
2. Disinfecting Gravel: The gravel shall be disinfected by mixing granulated 

calcium hypochlorite or sodium hypochlorite with the gravel during 
placement in the well.  

 
3.03 WELL DEVELOPMENT  
 
A. Methods and Purposes: Immediately after the graveling operation is completed, 

the well shall be thoroughly developed by mechanical and chemical methods 
consisting of the simultaneous use of mud-removing chemicals with agitation and 
washing with a tandem agitator, air-lift pumping with a tandem agitator, and 
backwashing and pumping with the test pump equipment specified he rein, to 
remove the mud cake from the face of the water-bearing formation and any mud 
material that has penetrated the gravel pack and the water-bearing formation, and 
to orient and stabilize the water-bearing materials and gravel pack, and to obtain 
optimum production from the well. The methods and procedures used for 
development shall be at the option of the Contractor but subject to approval by the 
City. The City's approval of the methods and procedures used by the Contractor 
shall in no way, however, relieve the Contractor of meeting all the well performance 
guarantees required by these Specifications and other contract documents. 

 
B. Development Time: 
 

1. The required minimum development time for the well shall be 30 eight-hour 
tours or 240 hours.  

 
2. Development of the well shall not be stopped without approval of the City, 

before at least the required number of 8-hour tours have been spent on 
development. 

 
3. A record of development time shall be maintained during the development 

phase. Except for the time required for the first installation of the test pump 
and engine, the time required for installation and operation of development 
tools and equipment and development tests shall be recorded as 
development time. Time spent on the first installation of the test pump and 
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engine and on rig, tool or equipment repairing, or waiting time for tools or 
equipment shall not be logged as development time. 

 
4. Any time spent in developing a well in excess of the minimum required 

herein shall not be charged against the completion time given in the 
Proposal. 

 
C. Disinfection: Before the well is agitated, the agitator shall be washed with a solution 

containing at least 200 mg/I chlorine. After the well is agitated and before the test 
pump is installed, the well shall be disinfected in accordance with ANSl/AWWA 
C654 with granulated calcium hypochlorite or liquid sodium hypochlorite. The 
disinfectant shall be placed in the screened section of the well through an agitator. 
After the test pump is installed, granulated calcium hypochlorite (or sodium 
hypochlorite) shall be poured in the well and the well agitated by turning the pump 
on and off without discharging water at the surface. The hypochlorite shall be 
dissolved in a solution at the ground surface and applied such that a concentration 
of at least 50 mg/I of available chlorine is available in all parts of the well after 8 
hours contact time. Chlorine in the water produced from the well following 
disinfection shall be neutralized before the water is allowed to leave the site. 

 
D. Development Tests: Water production tests and measurements of the static and 

pumping water levels shall be made at intervals during the development to 
evaluate the progress made by the development operations. The production tests 
shall be made with test pump equipment and at various rates of production. A 
pumping test shall be run during part of the latter portion of the development to 
determine whether the guarantees as described in subsection 3.05, Specific 
Capacity Guarantee, and subsection 3.06, Suspended Solids Content Guarantee, 
of this Section, appear to have been met. These tests during development shall 
not be counted as part of the pumping tests described in subsection 3.04, Pump 
Testing, of this Section. The Contractor shall not call for the pumping tests 
specified in that subsection until he has data from development tests to indicate 
that the guarantees with respect to specific capacity and suspended solids content 
can be met in the final tests. The Contractor shall give the City at least 24 hours 
notice before the start of the pumping tests in subsection 3.04, Pump Testing, of 
this Section, and shall not start such tests between 5:00 p.m. Friday and 8:00 a.m. 
Monday or on legal holidays without permission of the City. 

  
E. Chemical Analysis: During the latter part of the development, the Contractor shall 

have a preliminary water quality analysis made of the water, to include at least the 
chloride, sulfate, hard ness, specific conductance, and iron, and shall furnish the 
analysis to the City prior to initiation of the final pumping tests. 

 
F. Cleaning Bottom of Well: After developing with the agitator is completed, the well 

shall be sounded; and if any material is found inside the well less than 20 feet 
below the bottom of the lowermost screen, it shall be cleaned out of the well before 
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the well is tested. The time required to clean out the bottom of the well shall be 
considered development time. 

 
3.04 PUMP TESTING  
 
A Test Pump Equipment: 
 

1. Contractor shall furnish, install and operate a test pump complete with 
engine, air-line water-level measuring equipment, and open-end pipe 
orifices or turbine flow meter for measuring pumping rates at rates stated 
herein. The orifices or turbine flow meter used shall be recently calibrated 
and the Contractor shall provide the City verification of the calibration results 
and of the test method and procedure used. The discharge pipe shall be 
straight and level for a distance of at least 12 feet immediately upstream of 
the open-end orifice or turbine flow meter. The pump and engine shall be in 
good operating condition. All water-level and pumping-rate measuring 
equipment shall be in good condition and installed to the City's satisfaction.  

 
2. The pipe orifices or turbine flow meter shall be capable of measuring 

pumping rates from 500 to 3,500 gallons per minute. 
 
3. The pump and engine shall have a capacity ranging from not more than 500 

gallons per minute with a pumping level no deeper than 300 feet to at least 
3,500 gallons per minute with a pumping level of 550 feet. The pump shall 
be equipped for depths of pump settings at least as great as 550 feet. 

 
4. The Contractor shall provide evidence to the City that the pump and engine 

have the required capacities before they are installed. 
  
5. A valve shall be provided on the pump discharge near the pump to assist in 

regulating the rate of discharge. The valve shall be at least 15 feet upstream 
of any flow measuring device. 

 
B. Pumping Test Schedule: Unless otherwise required by the City, the pumping tests 

of the well shall be made for a period of 96 hours according to the schedule 
described herein. However, without any extra charge by the Contractor, the City 
shall have the right to change this schedule as it sees fit and to increase or 
decrease the number of hours of actual pumping time within the base amount of 
96 hours of testing time herein specified. 

 
C. Step Tests: A 24-hour series of step tests shall be run at rates of production as 

determined by the City. The City m ay select any rates within the capacity of the 
pumping equipment specified and may require that the steps be run in any order. 
Measurements of the rates of production and water levels shall be taken at 15-
minute intervals during the tests. Measurements of the water level shall be made 
with a steel tape or electric measuring line to the nearest 100th of a foot. 
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Immediately prior to the step tests and after the pump has been installed, the pump 
shall not be operated for a period of at least 3 hours. After the pumping for the step 
tests has been completed, and prior to the pumping for the continuous test, the 
pump shall not be operated for a period of at least 18 hours. During these shutdown 
periods, water-level measurements shall be made at 15-minute intervals. 

 
D. Continuous Test:  After the 18-hour recovery period, the well shall be pumped 

continuously for 36 hours at a constant rate of production as determined by the 
City. The City may select any rate within the capacity of the pumping equipment 
specified.  Measurements of the rate of production and depth to water level shall 
be taken at 15-minute intervals during the first 24 hours of pumping and at 30-
minute intervals during the remainder of the pumping period.  After pumping for 
the continuous test has been completed, measurements of the recovery of the 
water level shall be made at 15-minute intervals for an 18-hour period. 

 
E. Removal of Pump: After the pumping for the pumping tests required by the City is 

completed, the pump shall not be removed from the well until the recovery period 
designated by the City is completed. 

 
F. Chemical and Radiological Analyses of Water: The Contractor shall collect such 

water samples as may be required by the City at the end of the 36 hour pumping 
period. Each sample shall be labeled with the well number, date, time of collection, 
pumping rate, temperature of water, depth of screen setting, and name of collector 
and delivered immediately to the City. In addition, the Contractor shall have a 
qualified laboratory, approved by the City, take the necessary samples and make 
a complete chemical and radiological analysis of the water to include determination 
of all constituents included in an analyses of public drinking water by the TCEQ, 
as listed in the latest version of TCEQ Chapter 290 Subchapter F, for drinking 
water, including: 

 
1. Inorganic compounds 
2. Synthetic Organic contaminants Volatile Organic contaminants 
4. Radionuclides:  Gross Alpha, Gross Beta, Radium-226, Radium-228, Total 

Uranium and Radon-222 
5. Secondary Standards 
6. Lead and Copper 
7. Turbidity 
8. Additional constituents: Sodium, potassium, calcium, carbonate, 

bicarbonate, silica, nickel, total hardness and Langelier index 
 

The laboratory personnel also shall collect two one-gallon water samples and/or 
other water samples required by the City or Engineer and deliver the samples to 
the Engineer as a back-up sample if needed for additional analyses. 
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Contractor is responsible for all additional pumping, equipment and water sample 
analyses and all related costs that are necessary, if the pilot hole water sampling 
and analyses are not completed as specified. 

 
9. Samples to be kept at 4 degree centigrade in an ice cooler with appropriate 

preservatives during transport to the analytical laboratory. 
 
10. Provide three copies of results of all analyses to City along with the QA/QC 

data. 
 
G. Additional Pumping Tests: If the Contractor resumes development operations 

after any part of the pumping tests described herein is made, the Contractor may 
be required by the City to repeat part or all of the pumping tests previously made, 
at his own expense with no charge to the City. 

 
3.05 SPECIFIC CAPACITY GUARANTEE 
 
A. In order for the Contractor to obtain the full price for the well, as determined from 

his Proposal and other provisions of this contract, the well shall produce 
consistently, as determined by the City from the final tests, its "Guaranteed 
Pumping Rate-Specific Capacity" with at least its "Guaranteed One-Hour Specific 
Capacity" all as specified in paragraph B below.  

 
B.  Guaranteed pumping rate-specific capacities expressed in gpm/ft (gallons per 

minute per foot of water-level drawdown) are as follows: 
 

 D203 
Well No. 3 

"Guaranteed Pumping 
Rate" 

1,500 gpm 
 

"Guaranteed One-Hour  
Specific Capacity @  
Guaranteed Pumping 
Rate" 

20.0 gpm/ft 
 

"Minimum Acceptable 
One-Hour Specific 
Capacity @ Guaranteed 
Pumping Rate" 

15.0 gpm/ft 
 

"Penalty Rate - Specific 
Capacity" per gpm/ft 

$ 8,000.00 
 

 
 
C. If the City finds the measured one-hour specific capacity at the "Guaranteed 

Pumping Rate" to be less than the "Guaranteed One-Hour Specific Capacity," but 
greater than the "Minimum Acceptable One-Hour Specific Capacity," a penalty will 
be deducted by the City from the amount otherwise due the Contractor under his 
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Proposal and other provisions of this contract. This penalty will be based on the 
well's final consistent specific capacity and will amount to the "Penalty Rate-
Specific Capacity" for each one gallon per minute per foot of drawdown that the 
well's final consistent one-hour specific capacity at the "Guaranteed Pumping 
Rate" is less than the "Guaranteed One-Hour Specific Capacity," as determined 
by the City. 

 
D. If the Contractor is unable to make the well as specified so that it will consistently 

produce its "Guaranteed Pumping Rate-Specific Capacity" with at least the 
"Minimum Acceptable One-Hour Specific Capacity," as determined by the City, the 
City will not accept the well and no payment will be due the Contractor for the well 
or any other work and equipment at this site. The Contractor shall, however, be 
obligated to clean up the site at no charge to the City as provided in these 
specifications. 

  
E. The measured one-hour specific capacity is to be determined by the City and shall 

be the gallons per minute pumped divided by the total drawdown of the water level 
in the well, in feet, caused by pumping the well constantly at the "Guaranteed 
Pumping Rate" for one hour.  

  
3.06 SUSPENDED SOLIDS CONTENT GUARANTEE  
 
A. During any or all of the pumping tests described in subsection 3.04, Pump Testing, 

of this Section, the suspended solids content of the water from the well shall be 
measured periodically by the Contractor, subject to the approval of the City, with 
an 8-liter Imhoff cone, catching the water at the lower edge of the discharge orifice 
or downstream of the turbine flow meter at the bottom of the pipe and letting the 
suspended solids settle into the tip of the cone for 10 minutes. The Contractor shall 
provide at least four such Imhoff cones, each of which has been calibrated by a 
laboratory acceptable to the City, and for which a laboratory certificate is provided 
to the City. 

 
B. In order for the Contractor not to be penalized for excess suspended solids in the 

water, the water produced from the well shall, on a consistent basis, not contain 
more than 0.1 milliliter of suspended solids per 8 liters of water at any time after 
1/2 hour and 0.05 milliliter of suspended solids per 8 liters of water at any time 
after 3 hours of continuous pumping from the well at the "Guaranteed Pumping 
Rate-Suspended Solids Content" as specified in paragraph E below, and the well 
shall also meet these requirements at all lesser pumping rates. 

 
C. In case the City finds that the water produced from the well fails to meet the above 

requirements for no penalty, but consistently does not contain more than 0.2 
milliliter of suspended solids in 8 liters of water at any time after 1/2 hour and 0.05 
milliliter of suspended solids in 8 liters of water at any time after 3 hours of 
continuous pumping from the well at the "Guaranteed Pumping Rate-Suspended 
Solids Content," and the well meets these reduced requirements at all lesser 



New / Replacement of Water Well – D203 Water Well No. 3 
WBS No. S-000100-0019-3 WATER WELLS 
 

 
 02529-27  
 07-06-2016  

pumping rates, a penalty equal to the "Penalty-Suspended Solids content" shall be 
charged to the Contractor. This penalty shall be deducted from the amount 
otherwise due the Contractor for the well, in addition to any penalty assessed the 
Contractor under subsection 3.05, Specific Capacity Guarantee, of this Section.  

 
D. If the Contractor is unable to make the well as specified, however, so that under 

the above-described tests the water consistently contains more than 0.2 milliliter 
of suspended solids in 8 liters of water at any time after 1/2 hour and 0.05 milliliter 
of suspended solids in 8 liters of water at any time after 3 hours of pumping from 
the well at the "Guaranteed Pumping Rate-Suspended Solids Content," or if the 
well fails these reduced requirements at any lesser pumping rate, the City shall not 
accept the well and no payment will be due the Contractor for the well or any other 
work and equipment at this site. The Contractor shall, however, be obligated to 
clean up the site at no charge to the City as provided in these specifications.  

 
E. Guaranteed pumping rate-suspended solids contents are as follows: 
 

 D203 
Well No. 3 

"Guaranteed Pumping 
Rate - Suspended Solids 
Content" 
 

1,500 gpm 
 

"Penalty - Suspended 
Solids Content" 
 

$ 60,000.00 

 
3.07 NATURAL GAS 
  
A. If natural gas is encountered in the well in such quantities or insufficient sand is 

available for screening that, in the opinion of the City, the gas or insufficient sand 
will prevent the specific capacity guarantee and/or the suspended solids guarantee 
from being met, the City may at its option lower the specific capacity guarantee 
and/or the suspended solids guarantee, all as the City considers to be reasonable. 
Any such decision by the City must be in writing and the Contractor shall be bound 
by it. 

 
3.08 WELL CLEANING 
 
A. After testing of the well is completed, the well shall be sounded; and if there is 

more than 5 feet of sand or other material inside the well above the back pressure 
valve, this material shall be cleaned out of the well.  The well shall be cleaned of 
foreign substances including, but not limited to, oil, grease and scum on the water's 
surface.  

 
3.09 CAMERA SURVEY 
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A. After the pump foundation has been constructed, the well has been sounded and 

any sand or other material inside it has been removed, the Contractor shall 
perform a survey with a color camera having two lenses and light sources with 
instantaneous side view capability, camera survey of the well bore to its complete 
depth.  Elevation zero in the camera survey shall be set at the top of the concrete 
foundation. The original and two copies of the color camera survey shall be 
furnished to the City on DVD.  

  
3.10 WELL CASING CORROSION CONTROL SYSTEM (Not Used) 
 
3.11 DISINFECTION  
 
A. During the latter stages of development pumping of the well, after at least 15 

minutes of pumping to waste, water having a chlorine residual of 0.4 mg/I or less 
(following the specified disinfection procedures in paragraph 3.03 C), samples of 
water shall be collected in sterile containers in accordance with ANSl/AWWA C654 
and tests shall be made for coliform organisms. The sample shall be taken by the 
contractor and the test made by the City of Houston East Water Treatment Plant 
on Federal, and the City shall be furnished a copy of the laboratory report prior to 
completion of the step tests. If any coliform organisms are found p resent in the 
sample, the Contractor shall redisinfect the well and have the water resampled as 
stated above until such time as no coliform organisms are found present in a water 
sample after at least 500,000 gallons of water have been pumped from the well 
following disinfection, or until such time as the City becomes convinced that 
coliform organisms exist naturally in the water-bearing formation and are not 
present in water produced from the well as a result of the operations of the 
Contractor. The Contractor shall not move the well development rig from the well 
until this provision is met. 

 
B. The water produced from the well following disinfection shall be dechlorinated to a 

level of 3.0 or less mg/I chlorine before the water is allowed to leave the site. 
 
3.12 CAPPING  
 
A. After testing and after approval of the well by the City, the well shall be capped in 

a manner approved by the City. Before capping, it shall be disinfected by adding 
65 percent calcium hypochlorite tablets, or an amount of liquid sodium hypochlorite 
equivalent in total chlorine, in sufficient quantity to obtain 50 mg/I free chlorine 
residual in the well.  

 
3.13 ABANDONMENT OF WELL 
 
A. In the event it is necessary to abandon the well, the Contractor shall, if directed by 

the City, fill the abandoned well with fresh heavy mud and cement as directed by 
the City, and no payment shall be made by the City to the Contractor for the well 
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or its plugging. In this event, the Contractor shall first have the right, if he chooses, 
to salvage any materials he has previously set in the well. The types and sources 
of fresh heavy mud and cement shall be approved by the City. 

 
 

WELL DIMENSIONS SCHEDULE 
 D203 

Well No. 3 
Pilot Hole  

Depth, feet 1,500 
Water Well  

Depth, feet 1,055 
Surface Casing  

Diameter, Inch 
Depth, feet 
Vertical Length, feet 
 

20 
600 
603 

Production Casing – Blank Pipe  
Diameter, Inch 
Depth to Top, feet 
Vertical Length, feet 
 

14 
520 
271 

Production Casing - Screen  
Diameter, Inch 
Depth to Top, feet 
Vertical Length in Sand, feet 
 

14 
610 
264 

Air Line Tubing  
¼-Inch PVC Coated S.S. 
Depth Setting, feet 
 

 
420 

Solution Tubing (Two Strings)  
1 ¼-Inch Schedule 80 PVC 
Depth Setting, feet 
 

 
420 

Well Performance  
Pumping Rate, gpm 
Specific Capacity, gpm/ft 
 

1,500 
20 

 
END OF SECTION 
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Section 02536 
 

DISCHARGE PIPING AND APPURTENANCES 
 

PART 1 G E N E R A L 
 
1.01 SECTION INCLUDES  
 
A. This section includes the furnishing and installation of the discharge manifolds and 

appurtenances, splash-boxes, drain line and surface-runoff swales, and potable 
water collection line.   All valves, pipe, fittings, couplings and gauges subject to the 
possibility of shut-in pump head shall be sized to be safe from burst failure when 
exposed to the expected pressure developed by the pump if shut in while 
operating, with the stages and column setting required for future operating 
conditions and with the static water level no lower than 250 feet. The work includes 
the furnishing and installation of valves, air and vacuum release assembly fittings, 
meters, gauges, discharge piping and supports. The work to be done under these 
specifications is described in part by the plans. 

 
1.02 UNIT PRICES 
 
A. No separate payment will be made for Work as required by this Section.  
 
1.03 REFERENCE STANDARDS 
 
A. Perform all work in this section in accordance with applicable sections of the 

latest editions of the following standards, except as modified in this specification.  
 

1. American Water Works Association.  
 
2. American Society of Testing and Materials. 
 
3. National Sanitation Foundation (NSF). 
 
4. American National Standards Institute. 

 
1. 04 SUBMITTALS 
 
A. Submittals shall conform to requirements of Section 01330 - Submittal Procedures. 
  
B. Submit an affidavit stating that the valves, appurtenances and all materials used 

in their construction conform to the applicable requirements of the American Water 
Works Association (AWWA) standards, and this specification section and that all 
tests specified therein have been performed and all test requirements have been 
met. 
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C. All newly installed pipes and related products must conform to American National 

Standards Institute/National Sanitation Foundation (ANSI/NSF) Standard 61 and 
must be certified by an organization accredited by ANSI. This certification is to be 
submitted in writing to Engineer. Submit mill test certificates for all steel piping. 

 
D. Submit shop drawings for all valves and operators, couplings, valve boxes and 

similar appurtenances for review and approval, prior to fabrication, shipment or 
purchase. 

 
E. Operation and Maintenance Manuals: Six copies of the O&M Manuals shall be 

submitted for each item of equipment provided under this section.  
 
 
PART 2 P R O D U C T S 
 
2.01 VALVES 
 
A. Valves shall open counterclockwise. 
 
B. Gate Valves: 
 

1. Gate valves shall comply with AWWA Standards, latest edition. The valves 
shall be of the iron body, bronze mounted, resilient wedge, outside screw 
and yoke design. Gate valves installed in subsurface shall comply with 
Section 02521 - Gate Valves. 

 
2. The valves shall be manufactured for a water working pressure of 250 

pounds per square inch. The shell shall be manufactured for test pressure 
of 450 pounds per square inch. 

 
3. The valves shall have flanged ends. The dimensions and drilling of the end 

flanges shall conform to the American National Standards Institute 
Specifications 816.1 for Class 125 cast iron flanges. 

 
4. All gate valves shall be hand-wheel operated and open counterclockwise. 
 
5. Gate valve stems shall be of a high-tensile strength manganese bronze or 

other non-corrodible metal which has a tensile strength greater than 60,000 
pounds per square inch.  

 
6. The valves shall be manufactured with lubricated packing stem seals. 
 
7. Valves furnished under these specifications shall be Dresser M. & H. Style 

881 -02, OS&Y flanged ends, or an equivalent approved by the City. 
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C. Check Valve: The check valve shall be a new iron body, globe style, silent check 

valve with stainless steel trim and resilient seating (Buna-N). The check valve plug, 
seat and spring shall be manufactured of stainless steel. The Buna-N resilient 
seating shall be compression molded (not glued or chemically bonded) onto the 
valve plug seat. The valve plug shall be center guided at both ends with a thru 
integral shaft and spring loaded for guaranteed silent shutoff operation. The 
stainless steel spring shall be helical or conical. The seat and plug shall be hand 
replaceable in the field for ease of maintenance. The flow area through the valve 
body shall be equal to or greater than the cross-sectional area of the equivalent 
pipe size. The check valve shall be guaranteed not to stick closed. The check valve 
shall be an APCO Series 600 globe style silent check valve, or approved equal, of 
300-pound class with 125-pound flat-faced flanged ends. 

 
D. Air and Vacuum Release Valve Assembly: The air and vacuum release valve body 

shall be constructed of cast iron and shall be equipped with flanged discharge 
connections. The float shall be constructed of stainless steel. The valve shall be 
sized according to manufacturer's instructions to accommodate a pump capacity 
of up to 2,800 gpm and shall be rated at a minimum working pressure of 250 
pounds per square inch. The valve furnished shall be a 4-inch APCO #1704/152 
soft durometer rubber seat for less than 30 psi, and 4-inch APCO surge check or 
an equivalent approved by the City, depending on the well discharge. Air and 
vacuum release valve discharge shall be "goosenecked" 180 degrees faced down, 
and screened with 304 stainless steel 16 mesh fabric. Details of this valve 
assembly shall be in accordance with the plans. 

 
E. Brass Valves: One-inch or less brass valves shall be of all-brass construction with 

double discs and parallel seats and shall be warranted for a minimum working 
pressure of 300 pounds per square inch. Valves furnished under these 
specifications shall be of the Crane 431 type, or an equivalent approved by the 
City. 

 
2.02 DISCHARGE MANIFOLD AND APPURTENANCES 
 
A. Steel Water Pipe and Fittings: 
 

1. All steel pipe furnished under these specifications shall comply with API 
specifications for line pipe standard 5L and with ASTM tentative 
specifications for welded and seamless steel pipe designation A53- 58AT. 

 
2. The 12-3/4-inch steel pipe shall have a weight of at least 49.56 pounds per 

foot and a wall thickness of at least 0.375 inch, and be designed to withstand 
a test pressure of at least 1,000 pounds per square inch. The 8-5/8-inch 
steel pipe shall have a weight of at least 28.55 pounds per foot and a wall 
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thickness of at least 0.322 inch, and be designed to withstand a test 
pressure of at least 1,000 pounds per square inch. 

 
3. All steel fittings furnished under these specifications shall have a minimum 

wall thickness of 0.375 inch, shall be rated at a minimum 500 pounds per 
square inch working pressure, and shall conform to American National 
Standards Institute B16.9 and to ASTM Specifications A-234 for Grade A 
seamless carbon steel fittings. 

 
4. The steel pipe shall be fitted with steel slip-on flanges, Class 150 or 300 as 

shown on the drawings. Steel fittings shall be fitted with steel weld-neck 
flanges, Class 150 or 300 as shown on the drawings. Dimensions and 
drilling of the flanges shall conform to American National Standards Institute 
B16.5.  

 
5. The flanges shall be connected with rubber ring gaskets 1/16 inch thick. 
 
6. Bolts shall conform with ASTM A 307, Grade B, with heavy hex nuts. 
 
7. Flanged joints made up between steel and ductile iron pipe flanges shall be 

maintained electrically isolated by means of the use of an insulating kit 
(Pipeline Seal and Insulator or equal). 

 
B. Flexible Coupling: The Flexible Coupling shall be Dresser Style 38 for steel pipe 

and shall be reinforced with the coupling harness, as shown on the drawings. 
 
C. Pressure Gauge: The pressure gauge assembly shall be as shown on the plans. 

All fittings and other equipment shall be manufactured to withstand a working 
pressure of at least 300 pounds per square inch. The steel discharge pipe requires 
a ½-inch IPT thread-o-let welded to the top centerline of the header at the 
designated location for the pressure gauge assembly. The hole through the pipe 
wall inside the thread-o-let shall be drilled out. 

 
D. Sample Cock: The sample cock shall be as shown on the plans. It shall be chrome 

plated, thread less male hose bib, Burlington Model #2001 O/E, with plain end and 
3/4-inch IPS, thread inlet brass with chrome plating. The steel discharge pipe 
requires a 3/4-inch IPT thread-a-let welded to the side of the discharge header for 
a 3/4-inch Mueller H10046, or approved equal, corporation stop with inside IPT 
outlet for the sample cock assembly. The hole through the pipe wall inside the 
thread-a-let shall be drilled out. 

 
E. High Pressure Safety Cutoff Switch Assembly: A high pressure safety cutoff switch 

assembly, United Electric Controls Model H100-358-1530, shall be installed in the 
system as shown on the plans. The steel discharge pipe requires a 1/4-inch IPT 
thread-a-let welded to the top centerline of the header at the designated location 
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for the high pressure safety cutoff switch assembly. The hole through the pipe wall 
inside the thread-a-let shall be drilled out. The switch shall not contain mercury 
and shall have a push button reset. 

 
F. Chlorination Connection Assembly: The chlorination connection assembly shall be 

as shown on the plans. The chlorination connection shall be located adjacent to 
the ground storage tank on the vertical piping, below the 90-degree bend, which 
turns to enter the tank, downstream of any flow measuring device and check valve. 
 
The steel discharge pipe requires a 1-1/2-inch IPT thread-a-let welded to the top 
centerline of the discharge header at the designated location for a 1-1/2-inch 
Mueller H10046, or approved equal, corporation stop with inside IP thread outlet. 
The hole through the pipe wall inside the thread-a-let shall be drilled out. 
 
A new 1-inch Schedule 80 PVC pipe shall be installed as shown on the plans and 
connected to the existing chlorine piping in the chemical room and to the new 
chlorination connection assembly.  

 
G. Flow Meter: 
 

1. Flow meter, as shown on the plans, shall be a new, propeller type, flanged 
end tube, flow meter rated for 150 psi working pressure, provided with a 
solid-state electronic transmitter, digital local totalizer display and shall be 
accurate within ±2 percent of true flow for the respective size meter range. 

 
2. The propeller shall be three-bladed injection molded of thermoplastic 

material and resistant to normal water corrosion and deformity due to high 
flow velocities. The propeller shall be magnetically coupled with the 
electronic sensor through a sealed gearbox. The propeller shall incorporate 
a water-lubricated ceramic sleeve bearing supported on a ceramic-coated 
stainless steel spindle. The meter head cover plate shall be fabricated of 
cast iron and mounted with eight or more stainless steel cap screws. A right-
angle gear shall be incorporated to transmit rotation of the propeller to the 
rigid stainless steel vertical totalizer shaft. The totalizer display shall be 
direct driven from the vertical totalizer shaft or magnetically d riven through 
a ceramic sleeve magnetic coupling on the vertical totalizer shaft and be 
isolated from the water flow by means of an O-ring sealed housing. No 
flexible cables will be accepted in lieu of direct drive or magnetic drive, as 
stated above. 

 
3. The meter tube shall be fabricated of steel pipe incorporating a fusion epoxy 

coating, 12-15 mils minimum thickness applied by the fluidized bed method, 
with 150-pound ANSI flanged end connections and include a minimum of 
three steel straightening vanes. Flow meter shall be a solid state electronic 
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propeller meter, tube-type meter head, Water Specialties Model No. ML04-
D, or approved equal, for actual maximum flow. 

 
4. The transmitter supplied with the flow meters, described above, shall utilize 

solid-state electronics and provide dual outputs of 4-20 milliamps (ma) and 
a true two-wire scaled electronic pulse rate output of 0-150 pulses per 
minute (PPM) up to 4,000 gpm. The electronics shall be DC powered and 
shall accept any supply voltage between 10 and 30 volt DC without 
adjustment. The transmitter pick-up device which senses the mechanical 
rotation shall be totally solid state and non-contacting. The meter shall have 
a five digit readout for flow rate in gallons per minute (gpm) and the totalizer 
shall include an eight digit readout in gallons. 

 
5. A certified factory volumetric flow test shall be performed on each flow meter 

to be supplied. The complete meter head assembly shall be tested for 
accuracy in the same pipe size tube that the meter will be mounted in. The 
flow test shall encompass the minimum, intermediate and maximum flow 
ranges of the respective size meter, as recommended by AWWA. The 
volume of water utilized to test any meter shall remain on the totalizer. The 
factory test facility shall be annually certified to an accuracy of ±0.1 percent 
traceable to the National Bureau of Standards. The City reserves the option 
to witness, at no cost to the Contractor and vendor, the required factory 
accuracy test on any flow meter to be supplied on this Contract. The 
certified factory test results shall be submitted to the ground-water 
production representative for approval prior to shipment of the flow meter to 
the Contractor for installation.  

 
H. Conductor Casing Vent: 
 

1. The conductor casing vent shall be located as shown on the plans. The 
casing vent tube shall be installed to achieve a 45-degree bend from vertical 
and exit the side of the concrete pump foundation. The casing vent tube 
terminates so as to provide a minimum 15-inch gap above the top of the 
foundation block to the mesh screens. 

 
2. The casing vent consists of a 4" x 4" tee, two 4-inch nipples, and two 4-inch 

90-degree elbows with #16 mesh screen of ASTM Standard A276-REV A-
89 316 stainless steel securely fastened to the female end of each elbow 
with ASTM Standard A276-REV A-89 316 stainless steel bands. 

 
I. Paint: 
 

1. Exterior surfaces of valves, discharge head, pipe and fittings above ground 
shall be given a three-coat epoxy/epoxy/polyurethane system as described 
in paragraph 3.04B in this Section.  
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2. Paint color will be selected by City. 

 
2.03 SPLASH-PAD INLET AND STORM SEWER SYSTEM  
 
A. The splash-pad inlet and the subsurface drainage pipe shall be connected to the 

new storm sewer system. The storm sewer system shall be connected to the 
existing culvert east of the well site. All storm sewer or drainage pipe within 50 feet 
of the wellhead shall be constructed of AWWA C900 or C905 PVC pipe with a DR 
of 18 or lower. 

 
2.04 POTABLE WATER COLLECTION LINE  
 
A. The underground portion of the potable water collection line between the discharge 

manifold and the ground storage tank connection shall be ductile iron pipe. 
 
B. Ductile iron pipe and fittings shall conform to applicable provisions of Section 

02501 - Ductile Iron Pipe and Fittings. 
 
C. The ductile iron pipe shall have the diameter as shown on the Drawings. 
 
 
PART 3 E X E C U T I O N 
 
3.01 DIMENSIONS  
 
A. Elevation and length dimensions shown on the plans are only approximate and 

must be field-checked by the Contractor prior to assembly. 
 
3.02 HIGH PRESSURE SAFETY CUTOFF SWITCH ASSEMBLY 
 
A. This switch shall be connected in series with the overload relay in a manner 

approved by the City. 
 
3.03 ROSSUM SAND CONTENT TESTER 
 
A. A welded connection to the discharge pipe, with corp stop, shall be provided as 

shown on the Drawings for future installation of a Rossum Sand Content Tester by 
the City. 

 
3.04 WRAPPING AND COATING  
 
A. Internal Coating:  
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1. All material used for internal coating of steel carrier pipe must be NSF61 
listed as suitable for contact with potable water as required by Chapter 290, 
Rules and Regulations for Public Systems, Texas Commission on 
Environmental Quality. 

 
2. All steel pipe and fittings, above and below ground, shall be internally 

coated with either of the following systems. 
 

a. Liquid epoxy in accordance with AWWA C210, "Liquid Epoxy 
Coating System for the Interior and Exterior of Steel Water 
Pipelines," except as modified herein. System shall consist of three 
coats of polyamide epoxy (no coal tar material) as follows: 

 
 

1) Prime Coat: Two part, chemically cured, pigmented, 
polyamide epoxy; 4-6 mils DFT. 
 

2) Intermediate Coat: Two part polyamide epoxy; 4-6 mils DFT. 
 

3) Finish Coat: Two part polyamide epoxy; 4-6 mils DFT. 
 

b. Total system to have a minimum DFT of 12 mils and a maximum 
DFT of 18 mils. Each coat to be in contrasting colors, with the prime 
coat being buff and the finish coat being white. All material shall be 
supplied by the same manufacturer. Coal-tar epoxy material is not 
permitted. Surfaces to be coated shall be abrasive blast cleaned to 
a near-white finish in accordance with SSPC-SP10 (NACE 2) to 
establish an average anchor profile of 2.0 to 3.0 mils, with no 
individual reading greater than 4.0 mils or less than 1.5 mils. Prior to 
coating, the prepared and cleaned surface is to be inspected for 
evidence of non-visible contaminants such as soluble salts and/or 
chlorides in accordance with NACE Technical Committee Report 
"Surface Preparation of Soluble Salt Contaminated Steel Substrates 
Prior to Coating," NACE Publication 6G186. The surface shall be 
recleaned as necessary until free of such contaminants. 

 
c. Fusion-bonded epoxy in accordance with AWWA C213, "Fusion- 

Bonded Epoxy Coating for the Interior and Exterior of Steel Water 
Pipelines."  

 
B. External Coating:  
 

1. Above Ground  
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a. All aboveground steel piping and fittings shall be externally coated 
with a three-coat epoxy/epoxy/polyurethane system in accordance 
with AWWA C218, "Coating the Exterior of Aboveground Steel Water 
Pipelines and Fittings," Section 2.5, Coating System No. 4-91, 
except as modified herein.  

 
1) Prime Coat: Two component, pigmented, catalyzed 

polyamide epoxy primer; 3-4 mils DFT. 
 
2) Intermediate Coat: Two component, catalyzed polyamide 

epoxy; 4-6 mils DFT. 
 
3) Finish Coat: Two component aliphatic polyurethane; 3-4 mils 

DFT. 
 

b. Total system to have a minimum DFT of 10 mils and a maximum 
DFT of 14 mils. Each coat shall be in contrasting colors, with the 
prime coat being buff and the finish coat color selected by NHCRWA. 
All material shall be supplied by the same manufacturer. Surfaces to 
be coated shall be abrasive blast cleaned to a near-white finish in 
accordance with SSPC-SP1 0 (NACE 2) to establish an average 
anchor profile of 2.0 to 3.0  mils, with no individual reading greater 
than 4.0 mils or less than 1.5 mils. Prior to coating, the prepared and 
cleaned surface is to be inspected for evidence of non-visible 
contaminants such as soluble salts and/or chlorides in accordance 
with NACE Technical Committee Report, " Surface Preparation of 
Soluble Salt Contaminated Steel Substrates Prior to Coating," NACE 
Publication 6G186. The surface shall be recleaned as necessary 
until free of such contaminants. 

 
C. General 
 

1. All protective coatings shall be shop applied, except for field repairs and 
coating of field welded joints. The City may provide for witness of inspection 
and testing of shop applied coatings; however, such witness shall not 
relieve the Contractor of the responsibility to furnish material, perform work 
and provide quality control in accordance with the applicable AWWA 
standard and/or the requirements of these specifications. All field repairs 
shall be inspected and tested by the Contractor and approved by the City's 
inspector. 

 
2. The substrate surface profile and minimum and maximum individual and 

total dry film thickness (DFT) indicated herein shall apply unless non-
conformance with coating manufacturer's recommendation is indicated. No 
requirement of this specification shall cancel or supersede the specific 
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written directions and recommendations of the specific coating 
manufacturer so as to jeopardize the integrity of the applied system. Dry 
film thickness shall be measured in accordance with SSPC PA2. 

 
3. All shop coating and field repairs shall be field tested by the Contractor for 

holidays, pinholes or discontinuities at voltage levels required by the 
applicable AWWA standard and in accordance with the applicable NACE 
procedure, i.e. RPO 188, RPO 274, TMD 384, etc., latest revision. The test 
procedure, including voltage levels to be used, shall be submitted to the City 
prior to testing. All holidays shall be repaired in accordance with the 
applicable AWWA standard. Documentation by a NACE certified inspector 
of compliance with the tests required herein shall be provided by the 
Contractor. 

 
4. Handling, storage and field procedures for shop coated pipe shall be in 

accordance with the applicable AWWA standards. All pipe ends shall be 
adequately sealed and protected from damage during handling and 
storage, and such protection shall not be removed until immediately prior to 
installation. Pipe shall not be lifted using caliper clamps or hooks at ends of 
pipe. Any damage to the pipe or the protective coating from any cause 
during the installation of the pipe and before final acceptance by the City 
shall be repaired as directed by the Engineer's inspector and in accordance 
with the applicable standards.  

 
5. The interior of pipe and fittings shall be kept clean of all foreign matter before 

installation and until the work has been accepted. Joint contact surfaces 
shall be kept clean until jointing is complete. 

 
6. All AWWA standards referenced herein shall be the latest published 

revision thereof. 
 
7. The Contractor shall furnish an affidavit of compliance that all materials and 

work furnished comply with the requirements of the applicable AWWA 
standards and these specifications. 

 
3.05 PAINTING  
 
A. Rust, dirt and other foreign materials shall be removed from the surfaces by 

sandblasting. 
 
B. Special attention shall be given to the complete rem oval of oil and grease from all 

surfaces to be painted. 
 
C. Galvanized pipe and brass shall be washed d own with fresh solvent and allowed 

to dry before being painted. 
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D. Nameplates will not be painted. 
 
E. All painting shall be performed in workmanlike manner, by experienced workmen, 

and in the manner recommended by the manufacturer of such materials. Sufficient 
time shall be allowed for each coat of paint to dry thoroughly before the following 
coat is applied. 

 
3.06 CHLORINATION  
 
A. The discharge piping shall be chlorinated in accordance with AWWA C651 and 

applicable provisions of Section 02514 - Disinfection of Waterlines. 
 
3.07 TESTING FOR COLIFORM ORGANISMS  
 
A. After at least 500,000 gallons of water has been pumped from the well after all 

discharge piping has been assembled, and after any chlorination, samples of water 
shall be collected in sterile containers on at least three successive days and a test 
made of each sample for coliform organisms. The samples shall be taken by and 
the tests made by a laboratory approved by the City, and the City shall be furnished 
copies of the reports. 

 
B. At least three successive daily samples shall be free of coliform organisms or the 

Contractor shall resterilize the well, pump and piping and retest until this provision 
is met, or until such time as the City becomes convinced that coliform organisms 
are not present in the water as a result of the construction and operations of the 
Contractor. 

 
END OF SECTION 
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 Section 02821 
 
 CHAIN LINK FENCES AND GATES 
 
 
PART 1    G E N E R A L 
 
1.01 SECTION INCLUDES 
 

A. Fence framework, fabric, and accessories. 
 

B. Excavation for post bases, concrete foundation for posts and center drop for 
gates. 

 
C. Manual gates and related hardware. 

 
1.02 MEASUREMENT AND PAYMENT 
 

A. Unit Prices. 
 

1. Payment for fencing shall be on a linear foot basis for height noted. 
 

2. Payment for gates shall be per unit. 
 

3. Refer to Section 01270 - Measurement and Payment. 
 

B. Stipulated Price (Lump Sum).  If the Contract is a Stipulated Price Contract, 
payment for work in this Section is included in the total Stipulated Price. 

 
1.03 REFERENCES 
 

A. ANSI/ASTM A 123 - Zinc (Hot Dip Galvanized) Coatings on Iron and Steel 
Products. 

 
B. ANSI/ASTM F 567 - Installation of Chain-Link Fence. 

 
C. ASTM A 116 - Zinc-Coated (Galvanized) Steel Woven Wire Fence Fabric. 

 
D. ASTM A 120 - Pipe, Steel, Black and Hot-Dipped Zinc Coated (Galvanized) 

Welded and Seamless, for Ordinary Uses. 
 

E. ASTM A 153 - Zinc Coating (Hot-Dip) on Iron and Steel Hardware. 
 

F. ASTM A 392 - Zinc-Coated Steel Chain-Link Fence Fabric. 
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G. ASTM A 428 - Weight of Coating on Aluminum-Coated Iron or Steel Articles. 
 
H. ASTM C 94 - Ready-mixed Concrete. 

 
I. ASTM F 573 - Residential Zinc-Coated Steel Chain Link Fence Fabric. 

 
J. ASTM F 668 - Poly (Vinyl Chloride) (PVC) Coated Steel Chain Link Fence Fabric. 

 
K. Chain Link Fence Manufacturers Institute (CLFMI) - Product Manual. 

 
L. FS RR-F-191 - Fencing, Wire and Post Metal (and Gates, Chain Link Fence 

Fabric, and Accessories). 
 
1.04 SYSTEM DESCRIPTION 
 

A. Fence height shall be as indicated on Drawings or as noted to match height of 
existing fence. 

 
B. Extension arms for barbed wire shall match existing. 

 
C. Line post spacing shall not exceed 10 feet, or as shown on Drawings. 

 
1.05 SUBMITTALS 
 

A. Submit following Section 01330 - Submittal Procedures. 
 

B. Shop Drawings:  Indicate plan layout, spacing of components, post foundation 
dimensions, hardware anchorage, and schedule of components. 

 
C. Product Data:  Provide data on fabric, posts, accessories, fittings, and hardware 

that indicates items match or exceed the quality of existing items. 
 
1.06 QUALIFICATIONS 
 

A. Manufacturer:  Company specializing in manufacturing the products specified in 
this Section with minimum 3 years experience. 

 
1.07 FIELD MEASUREMENTS 
 

A. Verify that field measurements are as indicated on shop drawings. 
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PART 2    P R O D U C T S 
 
2.01 GALVANIZED FENCING 
 

A. Fence fabric shall be No. 9 steel wire, hot galvanized after weaving, to match or 
exceed existing fence fabric. 

 
B. Framework shall be hot-dipped galvanized with a minimum coating of 2 ounces 

per square foot, or one ounce per square foot plus 30 micrograms per square 
inch of chromate conversion coating. 

 
C. Line posts shall conform to ASTM A 570 Grade 45 steel or ASTM A 569, cold 

rolled steel. 
 

D. End corner, angle, and pull posts shall conform to ASTM A 570 Grade 45 steel or 
ASTM A 569 for steel pipe. 

 
E. Top rails shall be 1-5/8-inch outside diameter steel pipe, 2.27 pounds per foot.  

Top rails shall pass through openings provided for that purpose in post tops. 
 

F. Fabric ties shall be hog rings, galvanized steel wire not less than 9 gauge with a 
zinc coating of not less than 1.2 ounces per square foot. 

 
G. Bolts and nuts shall be in conformance with ASTM A 307 and shall be galvanized 

in accordance with AASHTO M 232. 
 

H. Install horizontal braces fabricated of 1-5/8-inch, 2.27-pound copper bearing steel 
pipe at all corner, gate, and end posts. 

 
I. Gates shall be either swing or slide.  Swing gates shall be hinged to swing 90 

degrees or 180 degrees from closed to open.  Slide gates shall be roller type with 
no vertical obstructions.  All gate leaves shall have intermediate members and 
diagonal stress rods as required for rigid construction and shall be free from sag 
or twist.  All gates shall be fitted with vertical extension arms or shall have frame 
end number extended to carry barbed wire.  Gate posts for gates shall be 4-inch, 
9.1-pound pipe.  Gate frames shall be made of 2-inch outside diameter, castings. 
 Fabric shall be the same as for the fence.  Gates shall have malleable iron ball 
and socket hinges, catches, and stops.  Posts for single gates shall be the same 
as end posts. 

 
J. The top of 6-foot chain link fencing shall be equipped with three strands barbed 

wire on 45-degree extension arms tilted outward from City property.  The top of 8-
foot chain link fencing does not require barbed wire.   

 
 



 New / Replacement of Water Well 
 D203 Water Well No. 3 
CHAIN LINK FENCES AND GATES WBS No. S-000100-0019-3  
 

 
 02821-4 
 07-15-2016 

PART 3    E X E C U T I O N 
 
3.01 INSTALLATION 
 

A. Install chain link fence in accordance with the directions of the manufacturer and 
these Specifications. 

 
B. Install fence posts at not more than 10-foot centers and at least 36 inches into the 

ground in a Class B concrete base.  Allow concrete to cure for at least 7 days 
before erecting remainder of fence.  Fasten fabric to line posts with wire ties 
spaced about 14 inches apart and to top rail spaced about 24 inches apart. 

 
C. Use standard chain link fence stretching equipment to stretch the fabric before 

tying it to the rails and posts.  Repeat the stretching and tying operations every 
100 feet or less. 

 
D. Erect gates so they swing or slide in the appropriate direction.  Provide gate stops 

as required.  Secure hardware, adjust, and leave in perfect working order.  Adjust 
hinges and diagonal bracing so gates will hang level.  Adjust rollers and guides of 
sliding gates so gates are level. 

 
E. At small natural or drainage ditches where it is not practical for fence to conform 

to contour of the ground, span the opening below the fence with wire fastened to 
stakes of required length.  The finished fence shall be plumb, taut, true to line and 
ground contour.  When directed, stake down the chain link fence at several points 
between posts. 

 
F. Where new fence joins an existing fence, set a corner post and brace post at the 

junction and brace as directed.  If the connection is made at other than the corner 
of the new fence the last span of the old fence shall contain a brace. 

 
 
 END OF SECTION 
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SUPPLEMENTARY SPECIFICATION  

 
Section 02911 S 

 
TOPSOIL 

 
 
The following supplement modifies Specification Section 02911. Where a portion of the 
Specification is modified or deleted by this supplementary specification, the unaltered 
portions of the specification shall remain in effect.  
 
 
 
1. Delete paragraph 1.01.A. and replace it with the following: 

 
1.01 SECTION INCLUDES 

 
A. Furnishing and placing topsoil in areas disturbed by construction within 60 

feet of Forest Cove Well No. 5, not including areas for roads, aprons, 
discharge piping and foundations. 

 
2. Delete paragraph 1.02. and replace it with the following: 

 
1.02 MEASUREMENT AND PAYMENT 
 

A. No separate payment will be made for topsoil. Include price in Item 2 in 
Document 00410 - Bid Form. 

 
 

END OF SUPPLEMENT 
 
 
 
 
Approved By: 
 
 
 
 
______________________________                               ________________________  
Sonny Do, P.E.  Date 
Acting Assistant Director 
Water Engineering Section 
Engineering and Construction Division 
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Section 09971 
 

PAINTING AND PROTECTIVE COATINGS 
FOR POTABLE WATER STORAGE TANKS 

 
 
PART 1 GENERAL 
 
1.01 SECTION INCLUDES 
 

  Surface preparation and application of paints and/or protective coating materials in a safe 
 manner with proper handling and removal and disposal of all waste materials. 

 
1.02  MEASUREMENT AND PAYMENT 
 

 There is no separate measurement and payment for work performed under this Specification 
 Section. Include the cost for this work in the contract bid price for work of which this is a 
 component part. 

 
1.03  REFERENCE STANDARDS 
 

A.  American Society for Testing of Materials (ASTM) 
 

1. ASTM D 4285, "Standard Test Method for Indicating Oil or Water in Compressed 
 Air" 
 
2. ASTM A 123, "Specification for Zinc (Hot-Dip) Galvanized Coatings on Iron and 
 Steel Products" 
 
3. ASTM A 153, "Specification for Zinc Coating (Hot-Dip) on Iron and Steel Hardware" 
 
4. ASTM A 385, "Practice for Providing High-Quality Zinc Coatings (Hot-Dip)" 
 
5. ASTM E 376-89, "Practice for Measuring Coating Thickness by Magnetic-Field or 
 Eddy-Current (Electromagnetic) Test Methods" 
 
6. ASTM D 4940-89. "Method for Conductimetric Analysis of Water Soluble Ionic 
 Contamination of Blasting Abrasives" 
 
7. ASTM D 4417-84, "Standard Test Methods for Field Measurement of Surface Profile 
  of Blast Cleaned Steel" 

 
B. NACE International "Book of Standards" 

 
1. Field Measurement of Surface Profile of Abrasive Blast Cleaned Steel Surfaces Using 
 Replica Tape: RP0287-91 
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2. Discontinuity (Holiday) Testing of Protective Coatings: RP0188-90 
 
3. Visual Standard for Surfaces of New Steel Centrifugally Blast Cleaned with Steel Grit 
 and Shot TM0175-75 

 
C. NACE International Publication 6A192, "Dehumidification Equipment in Lining Application" 
 
D. Society for Protective Coatings (SSPC), "Steel Structures Painting Manual, Vol. 1, Good 

 Painting Practice" 
 
E. Society for Protective Coatings (SSPC), "Steel Structures Painting Manual, Vol. 2, Systems 
  and Specification" 
 

1. Solvent Cleaning: SSPC-SP-1-82 
 
2. Hand Tool Cleaning: SSPC-SP-2-95 
 
3. Power Tool Cleaning: SSPC-SP-3-95 
 
4. Power Tool Cleaning to Bare Metal: SSPC-SP-11-95 
 
5. White Metal Blast Cleaning: SSPC-SP-5/NACE 1-94 
 
6. Commercial Blast Cleaning: SSPC-SP-6/NACE 3-94 
 
7. Brush-Off Blast Cleaning: SSPC-SP-7/NACE 4-94 
 
8. Near-White Blast Cleaning: SSPC-SP-10/NACE 2-94 
 
9. Mineral and Slag Abrasives: SSPC-AB 1-91 
 
10. Visual Standard for Abrasive Blast Cleaned Steel: SSPC-Guide to Vis 1-89 
 
11. Measurement of Dry Paint Thickness with Magnetic Gages: SSPC-PA 2 

 
F. NSF International Standard 61 - Drinking Water System Components. 
 
G. If there is a conflict between cited reference standards and this specification, this specification 

 prevails unless otherwise indicated in the procurement documents. 
 
1.04 SUBMITTALS 
 

Submittals for materials and/or systems proposed for use on this project must conform to  
 requirements included in Section 01330 and include, but not be limited to, those items  listed for   
      each product/system below.  Provide submittals to the Engineer for review. 
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A. Paint and Protective Coatings: 
 

1. Manufacturer Technical Data Sheets for all paints, coatings, solvents, detergents and 
 degreasers proposed. 
 
2. Manufacturer Material Safety Data Sheets (MSDS) for all paints, coating and thinners 
 proposed. 
 
3.  Color name and/or number with color chart for each specific coating product.  Exterior 
  topcoat color shall be City of Houston Barr Blue. 
 
4.  Manufacturer’s statement of conformance with ANSI/NSF 61 (NSF International)  
  requirements for use on potable water tank interior surfaces. 
 
5.  Manufacturer's specific ventilation requirements for products used on interior surfaces. 
  Provide ventilation requirements to ensure adequate evacuation of solvents to prevent  
  solvent entrapment, worker exposure to solvents above the OSHAPEL, and timely  
  coating system cure. 

 
B. Abrasive Blast Products 

Use abrasive blast products which conform to the Society for Protective Coatings (SSPC) 
Abrasive Specification No. 1. "Mineral and Slag Abrasives", except that copper slag is not 
permitted. Abrasive blast product submittals to include, but not be limited to, the following: 

 
1. Manufacturer's certification or laboratory analysis that the product proposed contains 
 less than 1% free crystalline silica. 
 
2. Laboratory analysis of blast material presenting results of blast material testing as 
 required in SSPC-AB 1, Table 1 requirements for Chemical and Physical Properties of 
 Abrasives, except that the conductivity test for water soluble contaminants in 
 accordance with ASTM D-4940 shall not exceed 500 microsiemens (micromhos). 
 
3. Material Safety Data Sheets. 
 
4. Composition, mesh size, and bulk density. 
 
5. Recommended application nozzle, air requirements, and pressure. 

 
C. Containment System 

 Include a sample or samples of containment materials including screens, tarpaulins, sheets, 
 films and ground covers.  Include manufacturer technical data sheets for the proposed 
 containment system.  In addition, include the following: 
 

1. Outrigger/containment structural support system layout and details. 
a)  For ground storage tanks, submit proposed arrangement of scaffolds and/or A-
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frames to support containment materials.  Do not support containment from 
existing tank handrails or ladders.  The scaffolding must be designed to support 
the weight of the containment materials and provide a safe working environment 
for workers. 

b)  For elevated storage tanks, submit proposed layout of outrigger system, 
containment hoisting system, details of proposed method of connection to tank 
shell, list of structural members including, but not limited to, size of member, 
maximum allowable wind velocity before system must be lowered to prevent 
structural damage to the system and/or tank, method of determining wind velocity 
and proposed location of wind velocity measuring device.  The outrigger system 
layout must be reviewed and sealed by a licensed Professional Engineer registered 
in the State of Texas. 

 
2. Manufacturer’s technical data sheets for the proposed containment system. 
 
3. Manufacturer's certification that proposed containment materials are fire resistant. 
 
4. Provide a minimum shade factor for proposed containment materials of 95%, except  for 

 a minimum shade factor of containment materials used with chemical stripping  agents of  
      85%. 

  
D. Chemical Stripping Agents - For Rehabilitation of an Existing Tank 

 
1. Manufacturer's Technical Data Sheet for the materials proposed. 
 
2. Material Safety Data Sheets (MSDS). 
 
3. Proposed method of application. 
 
4. Waste material containment and retrieval system. 

 
E. Dehumidification Equipment 

 
1. Manufacturer and Supplier 
 
2. Support Equipment (i.e. generator) 
 
3. Equipment capacity, sized per NACE Publication 6A192 

 
 
PART 2   PRODUCTS 
 
2.01 COATINGS 
 

A. Painting and Coatings 
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1. The following paint/coating manufacturers are known to have products of acceptable 
 quality for this project:  ACRO, Raven Lining Systems, Carboline, Sherwin -  Williams, 
 Tnemec, Valspar and Devoe (for exterior wash only). Bid based upon the use of 
 products supplied by one of these named manufacturers. These named  manufacturers are 
 designated to establish a level of acceptable product quality or manufacturing experience 
 and are not to be construed as the only manufactures of  products acceptable for use on 
 this project.  Other manufacturers and products will be considered on an individual basis, 
 and may be submitted for consideration in accordance with Document 00700, Article 
 3.10, Product Options and Substitutions (excluding 3.10.3), Section 01330, and this 
 Section. 
 
2. Specific products of the named manufacturers acceptable for use and to be bid for this 
 project are contained in Table 1, "Coating Product," included in this section. 
 
3. Use non-lead containing coatings which comply with all laws, regulations and  
 ordinances of the Federal, State, and Local government including V.O.C. regulations. 
 
4. Properly store and handle materials according to manufacturer's requirements and in 
 compliance with applicable government regulations. 
 
5. Color: Generally colors are to be as follows: 

a. When multiple coats are required, use coatings alternating colors.  
b. Use white for the interior final coat. 
c. Use City of Houston Barr Blue for exterior final coat. 

 
6. Obtain all coating materials and required thinners for each tank from the same single 
 source coating manufacturer. 
 
7. The schedule for painting and coating for specific tanks is contained in Table 2  "Surface   
            Preparation and Finish Schedule" included in this Section. 

 
B. Hot Dip Galvanized Surfaces 

 
1. If specified, hot dip galvanize in accordance with ASTM A 123, ASTM A 385 and/or 
 ASTM A 153. 
 
2. The completed galvanized sections to have a minimum of 2 ounces per square foot.  
 Two ounces of galvanizing per square foot equals approximately 3.4 mils. 
 
3. Estimate weight of galvanizing by use of magnetic dry film thickness gage in 
 accordance with ASTM E 376-89. 

 
4. Galvanizing (zinc) in contact with potable water must be NSF classified for contact 
 with potable water. 

 
2.02  EPOXY CAULKING 
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A. Use flexible, NSF classified epoxy caulking for use in contact with potable water and compatible 

with the epoxy lining system used in the tank. 
 
B. Caulk to be 100% solids, two component, polyamine or polyamide cured. 
 
C. The coating manufacturer and caulk material manufacturer to confirm, in writing, that the internal 

epoxy coating system is compatible with the 100% solids epoxy caulk material. 
 
D. Include in the written confirmation of material compatibility, any conditions for or surface 

preparation requirements of the epoxy caulk material. 
 
E. An acceptable product for this Project is "Aquatapoxy A7", manufactured by Raven Lining 

Systems, Tulsa, Oklahoma. 
 
2.03 CHEMICAL PAINT STRIPPER (For Rehabilitation of an Existing Tank) 
 

A. Use of chemical paint stripper for removal of exterior paint is allowed, if approved by the 
Engineer and used in strict accordance with manufacturer’s recommendations. 

 
B. Propose a chemical stripping system such as "Peel Away", manufactured by Dumond Chemicals, 

Inc. of New York, NY, or approved equivalent. 
 
2.04 CONTAINMENT SYSTEM 
 

A. Provide a containment system which allows for the containment of the environmentally 
 sensitive waste, dust and paint over spray that will be generated during the blasting and 
 painting operations. 

 
B. When a tank is to be rehabilitated and the coatings to be removed contain lead, containment to 

conform at a minimum to the requirements of TNRCC Texas Air Control Board Regulation I,  31 
TAC Chapter 111 Sections 131 through 139 and meet the performance requirements of Section 
01351 "Environmental Safety and Worker Protection" of this specification. 

 
C. When chemical stripping agents are used, provide for containment of debris, aerosols, strippings 

and other emissions or releases.  In addition, manage contained waste in accordance with Section 
02136 "Waste Material Handling and Disposal" and Contractor waste handling procedure. 

 
D. Determine by the Engineer, the containment system requirements, if any, for wet abrasive 

 blast or vacuum abrasive blast, and roller applied or brush-on coatings. Use impervious 
 ground coverage as noted in Item 2.05.F.6 at all times. 

 
E. Containment system proposed by the Contractor must assure the protection of the surrounding 

environment and must provide sufficient protection to meet: TNRCC Texas Air Control Board 
regulations for the Control of Air Pollution and Visible Emissions of Particulate Matter; Texas 
Water Commission regulations applicable to protection of the soil and water; and Sections 01351 
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"Environmental Safety and Worker Protection" and 02136 "Waste Material Handling and 
Disposal" of this Specification. 

 
F. Construct containment system with wind screens of a minimal shade factor as specified in 

 Item 1.07.C of this section, or as required below, with no emission from edges, rips, or tears. 
 The containment system must be designed for the purpose of containing and controlling 
 emissions, debris and protecting the air, ground and soil from contaminants resulting from 
 lead paint removal, surface preparation and painting operations. 

 
1. Containment System to provide a safe working environment and provide for control of 
 emissions as required in Section 01351 "Environmental Safety and Worker Protection" 
 of this Specification. 
 
2. For rehabilitating an existing tank, employ a Containment System meeting the 
 requirements of an SSPC Class 2 containment, per SSPC Guide 6 (CON), when lead 
 containing paint is to be removed by abrasive blast cleaning methods. 
 
3. The containment materials must provide for performance which will comply with the 
 following: 

a) Protection of the environment, including air, water and soil, from abrasive blast 
media, process water, dust particles and paint debris. 

b) Air movement within containment. 
c) Secure edges and seams. 
d) Permeable to natural lighting, unless alternate lighting is to be provided. 
e) Tarp overlap to provide for maximum containment of spent debris. 

 
4. Maintain the containment system free of defects through the course of the project.  In the 

event that emissions or releases occur which exceed the requirements established in 
Section 01351, "Environmental Safety and Worker Protection," stop work until all defects 
are repaired. 

 
5. Prior to installation, the containment system design must be submitted and reviewed by 

the Engineer.  In addition, for work on elevated water storage tanks, design the 
containment enclosure to be raised and lowered within 15 minutes to prevent damage to 
the enclosure, the tank, personnel, and excessive loading to the tank and tank 
appurtenances in the event of high winds and foul weather. 

 
6. Place membranes that are impervious to the abrasive blast media, paint debris dusts, and 

process water on the ground around the tank to prevent contamination of the ground storm 
waters and surface waters due to run-off. Use chemically resistant membranes when 
chemical stripping is employed.  Contain the debris within 30 feet of the base of the tank. 

 
7. Prior to any changes or modifications in the containment system during the course of the 

work, submit in writing and review by the Engineer, proposed changes and modifications. 
Address the operational and technical reasons for containment modifications in the 
submittal. 
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G. Eagle Industries, Reef Industries, or equivalent are acceptable suppliers. 

 
2.05 ABRASIVE BLAST MATERIALS 
 

Mineral and slag abrasive materials are to conform to the requirements of the Society for 
Protective Coating’s Abrasive Specification No. 1, SSPC-AB1.  Abrasives are to be Class A, less 
than 1% crystalline silica.  The conductivity of the abrasive (indicative of water soluble 
contaminants) is not to exceed 500 microsiemen (micromhos) when tested in accordance with 
ASTM-D4940.  Prior to use, provide the Engineer qualifications and conformance testing 
performed and documented in accordance with Section 5 of SSPC-AB1. Abrasive materials 
expressly prohibited from use include sand and copper slag. 

 
2.06 PRODUCT HANDLING 
 

Delivery and Storage 
 

A. Deliver all paints, coatings and related materials to the job site or fabrication shop in original 
unopened containers with the product name, type and batch number, color, and manufacture date 
clearly marked on each container. 

 
B. Store all materials used on the job in a single place provided by the Contractor or designated by 

the Engineer at the job site.  Comply with OSHA requirements, recommendations of the National 
Fire Protection Association, City Fire Codes, and manufacturer recommendations for on site and 
fabrication shop storage. 

 
C. Remove oily or solvent-soaked rags and all waste from the job site every night, and take all 

necessary precautions to reduce fire hazards to a minimum. 
 
D. If the storage space was a fixed part of the project, leave clean upon completion of the work. 

Repair any damage to storage space or its surroundings. 
 
 
PART 3   EXECUTION 
 
3.01  COATING OPERATION ENVIRONMENTAL REQUIREMENTS 
 

A.  Tank Interior Humidity and Temperature 
 
1. During abrasive blast cleaning and painting operations, the relative humidity of the 

interior air is not to exceed fifty percent (50%). Measure relative humidity by a sling 
psychrometer or other appropriate psychometric measuring equipment.  
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2. Maintain the interior air temperature and surface temperature of surfaces to be coated 
between 50F and 120F and at least 5F above the dew point or as otherwise required 
by the manufacturer.  (Note, that for use of Aquatapoxy, the maximum surface 
temperature is 100F.) 

 
3. Achieve the required conditions for interior air conditions through the use of 

dehumidification equipment. 
 
a. Submit for review by the Engineer, proposed dehumidification equipment. 

Provide a minimum of three air changes per hour unless dehumidification 
equipment manufacturer's calculations substantiate fewer air changes. 

 
b. Supply dry, fresh (not recirculated) air within 12 inches of the tank bottom from a 

system of duct work and blowers with the dehumidification equipment. Operate 
the ventilation system 24 hrs/day throughout the entire coating cure process. 

 
c. Maintain dehumidification until abrasive cleaning operations, coating operations 

and cure are complete, but not less than ten (10) days. 
 

B. Tank Exterior Humidity and Temperature 
 
1. Do not apply a coating to wet or damp surfaces or in rain, snow, fog or mist. 
 
2. Do not apply any coatings when it is expected that the ambient air temperature will fall 

below 50F or within 5F of the dew point within 6 hours after application of coatings or 
paints. 

 
3. Do not apply a coating when the relative humidity is above 85%, or as specified in the 

coating manufacturer's product data sheet.  Measure relative humidity and dew point by 
use of a Sling Psychrometer in conjunction with US. Department of Commerce Weather 
Bureau Psychometric Tables.  If the above conditions are exceeded, delay coating or 
painting operations until conditions are favorable. 

 
4. The ambient conditions and surface temperature of the surfaces being coated must be 

between 50F and 120F and at least 5F above the dew point in accordance with the 
manufacturer’s recommendations.  The maximum surface temperature during application 
of urethane coatings is 100F. 

 
3.02 WORKMANSHIP 
 

A. Good workmanship is required for all work as defined by the latest edition of the "Manual of 
Good Painting Practices" published by the Society for Protective Coatings (SSPC), 40 24th Street, 
Pittsburgh, Pennsylvania 15222. 

 
B. These specifications do not cancel or supersede the directions of the manufacturer regarding the 

warranty or applicability of the product.  In instances of variations between manufacturer’s 
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recommendations and this specification, the more stringent requirement governs. 
 
C. The Contractor to furnish trained personnel experienced in the work to be performed.  Contractor 

to ensure work is performed in accordance with these specification requirements including, but 
not limited to: surface cleanliness; anchor profile; ambient conditions; film thickness (wet and 
dry) and holiday detection.  Provide and use such inspection instruments, gauges or other 
equipment as may be required to verify compliance with manufacturer's instructions and these 
specifications. Assure proper operating condition and calibration of equipment and 
instrumentation before and after use. 

 
D. Provide tools and equipment in good working order including moisture traps in air lines to 

pressure pot and spray gun when air atomization is used.  Set moisture trap for continuous bleed 
during spraying operation.  Place moisture traps as close to spray gun as practical. Process air to 
be free from oil and moisture when tested in accordance with ASTM D 4285. 

 
E. Do not apply primer closer than four inches (4") to any surface scheduled for subsequent blasting 

or to be field welded. 
 
F. Apply a brush stripe coat of primer, subsequent to surface preparation, but prior to full primer coat  
 
 application to welds, rivets, corners, crevices, and other default to coat surfaces.  
 
G. Apply all caulk and/or sealant materials smooth and continuous. 

 
3.03 SURFACE PREPARATION 
  

A. Remove visible deposits of oil or grease prior to surface preparation in accordance with SSPC-SP-
1 or other methods approved by the Engineer, remove visible deposits of oil or grease.  

 
B. Prior to abrasive blast cleaning, remove all surface imperfections such as sharp fins, sharp edges, 

weld spatter, or burning slag. Grind sharp corners and edges to a smooth round edge with a radius 
of not less than 1/16 inch. 

 
C. Abrasive blast cleaned surfaces to meet the requirements of this specification when examined in 

accordance with Society for Protective Coatings  “Guide to SSPC-VIS 1-89”. This applies to all 
exposed surfaces, including difficult to access areas (e.g. behind stiffener rings). When a tank is to 
be rehabilitated and the coatings to be removed contain lead, acceptable coating removal methods 
include wet abrasive blast cleaning, water jetting with or without abrasives, vacuum abrasive blast 
cleaning, and chemical stripping.  Certain coating removal methods require subsequent dry 
abrasive blasting to achieve the specified surface preparation. Should these methods be selected, 
ensure that no fugitive dust escapes the containment system during dry abrasive blasting.  This is 
to be accomplished by the use of negative air and/or dust collection systems adequately sized to 
effectively control dust. 

 
D. For rehabilitation of an existing tank, Moderately Pitted Surface is defined as a surface having pits 

less than 1/16 inch deep with a frequency of 4 to 5 pits per square foot.  Prior to application of the 
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specified coating system, blast the pitted surface to SSPC-SP10.  The first coat may be thinned 
(not to exceed manufacturer's published recommendations) and applied by stiff bristle brush or 
roller to all pitted surfaces. 

 
E. For rehabilitation of an existing tank, Badly Pitted Surface is defined as a surface having pits 

greater than 1/16 inch deep and less than 1/2 of the metal thickness with a frequency of 8-12 pits 
per square foot.  Prior to application of the specified coating system, blast the pitted surface to 
SSPC-SP10.  Prior to applying the specified system, fill the pits with an epoxy caulk seam sealer 
applied by putty knife or stiff bristle brush. 

 
F. Prior to painting, remove dust by vacuuming from all prepared interior surfaces to be coated. 
   
G. Subsequent to achieving the specified surface preparation and prior to coating application, interior 

wetted surfaces must be free from surface contaminants, visible and non-visible, to a level of less 
than 7μg/cm2 as sodium chloride.  Surfaces will be tested by the City's laboratory for evidence of 
surface contaminants including soluble iron and salts such as chlorides.  A minimum of one test 
for every 2500 square feet of shell and floor area will be performed. Ensure tank interior is dust 
free at the time of the test and that the surfaces to be tested are clean. 

 
H. Prepared exterior surfaces may be vacuumed or cleaned by an alternative method acceptable to 

the Engineer.  (For rehabilitation of an existing tank, note that use of compressed air during lead 
paint removal operations is only allowable under full containment.) 

 
I. Prepared and approved surfaces must be coated before contamination, including rust bloom. 

Surfaces shown to be contaminated or exhibiting rust are to be recleaned to the requirements of 
the specifications at Contractor's expense. 

 
J. Repair abraded or otherwise damaged areas of existing paint using comparable materials and 

procedures, as approved by the Engineer. 
 
K.  Treat areas of visible mildew with an approved mildewcide, compatible with the coating 

 system to be applied. 
 

3.04  CHEMICAL STRIPPER (For Rehabilitation of an Existing Tank) 
 

A.  After application of chemical stripper and prior to recoating of the exterior surface of the tank, 
evaluate the anchor profile and surface cleanliness. If the surface cleanliness and anchor profile 
meet specification requirements, recoating of the tank can be performed. If surface cleanliness 
and/or anchor profile do not meet the requirements of this specification, prepare the surface in the 
manner specified to obtain the required anchor profile and freedom from surface contaminants. 

  
B.  For caustic based strippers, use pH paper to check the tank surface after removal of the  chemical 

stripper and existing coating system.  Failure to properly clean and neutralize the surface can 
result in an alkaline residue remaining on the tank surface.  If the surface pH is not neutral (pH of 
7.0 to 7.5), flush the surface with potable water or approved neutralizing agent  until a neutral 
surface pH is achieved.  
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C.  Notify the Engineer a minimum of 48 hours in advance of the initiation of the chemical 

 stripper removal process in order for the Engineer to be present. The manufacturer's 
 representative is required to be on site during the initial removal process. 

 
D.  Install tarpaulins or similar containment materials on the ground surface immediately under and 

adjacent to the area of the tank where the coating system is to be removed as described in 
Contractor's submittals and acceptable to the Engineer. Install the tarps in a watertight manner  so 
as to completely contain all materials and liquids from chemical stripper application, removal, 
neutralization and rinsing of the tank surface.  Consider all resulting waste hazardous and handle 
as such.  Extend the watertight tarps a minimum of twenty feet beyond the outer perimeter of the 
tank. 

 
E.  Apply chemical strippers to the tank surface in accordance with the manufacturer’s 

 recommendations for coverage, contact time, removal and surface cleaning. 
  
F.  For caustic based strippers, unless an inhibitor is recommended by the chemical stripper  
  manufacturer and acceptable to the coating manufacturer, wash the surface after 

 neutralization. 
 
3.05  COATING APPLICATION 
 

A.  Apply coating to the standards represented in the SSPC Painting Manual, Volume 1, "Good 
 Painting Practices" and manufacturer’s recommendations for paint application procedures. 

 
B. Use coating application equipment consistent with the coating manufacturer’s recommendations.  

Supply air free from oil and moisture when tested in accordance with ASTM D 4285. 
 
C. All mixing and thinning of coatings to be in accordance with manufacturer’s recommendations. 
 
D. Only compatible solvents recommended by the coating manufacturer will be used for thinning 

and clean up. 
 
E. Strictly adhere to the re-coat intervals recommended and supplied by the coating manufacturer. 
 
F. Do not coat any cleaned surface if "rust bloom" or recontamination has occurred. The Engineer to 

approve cleaned surfaces prior to application of coating. 
 
G. The Engineer spot checks surfaces to ensure conformance. At Contractor’s expense, re-prepare 

surfaces not found to meet specifications. 
 
H. All painted surfaces to be free from all dust, dirt and contamination before succeeding coats are 

applied.  The Engineer to approve each coat of paint before succeeding coats are applied. 
 
I. All environmental (ambient) conditions to satisfy manufacturer's recommendations before 

coatings are applied. 
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J. All coats to be free of runs, drips, sags and holidays or other discontinuities. The finish is to be 

uniform. 
 
K. Dry film thicknesses of all coats to conform to minimum and/or maximum thicknesses required 

by these specifications.  Measure all dry film thicknesses in strict accordance with SSPC-PA2. 
 
L. Interior – Prior to application of primer and prior to application of intermediate coat, brush stripe 

coat all welds, rivets, corners, edges, crevices and uniformly pitted surfaces. Brush stripe coat 
rough pits, depressions, and crevices to work in coatings.  Do not thin stripe coats in excess of that 
recommended by the manufacturer.   

 
For rehabilitation of an existing tank: 
 
1. Fill weld “deep pits” and grind flush at the direction of the Engineer.  Payment to be at the 

unit price bid for "Extra 6-inch Diameter Floor Patches". 
 
2. Moderately and badly pitted surfaces may exceed specified limits on the anchor profile. 

The primer coat dry film thickness must be sufficient to adequately cover the anchor 
profile. 

 
M. Exterior - All welds, rivets, corners, edges and irregular surfaces are to be stripe coated as part of 

the first coat application. Brush stripe coat pits, depressions and crevices to work in coating.  
Apply coating by brush or roller, using manufacturers’ recommended thinner (if applicable) for 
the application method selected.  NO SPRAY PAINTING ON EXTERIOR SURFACES AT 
TANK SITES WILL BE PERMITTED WITHOUT THE USE OF CONTAINMENT SCREENS 
AND APPROVAL OF ENGINEER. 

 
N. When more than one coat is to be applied, each coat should have a distinguishable color from the 

preceding and following coats.  Note that stripe coating is considered to be part of the first coat 
application. 

 
O. Exterior surface preparation and priming of all metal tank appurtenances to be in accordance with 

this specification.  Intermediate and finish coatings to be the same as those of adjacent surfaces. 
 
P. Pipe and Fittings 

 
1.  For elevated tanks, prepare the external surface of new and existing piping and fittings 

within the "dry" tank pedestal with the same surface preparation and coating system as the 
interior of the tank pedestal. 

 
2.  Prepare new above ground piping and fittings with the same surface preparation and 

coating system as specified for tank exterior. 
 
3. Prepare existing above ground piping and fittings connected directly to the tank with the 

same surface preparation and coating system as specified for tank exterior.  Limit this to 
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exposed portions of piping at inlets/outlets and to the nozzle of the adjacent tank on 
interconnect lines.  Additional limits of yard piping are indicated on the plans. 

 
Q. Prepare and coat inaccessible interior surface of roof plate and rafters as follows: 

 
1. For new tank construction, prepare inaccessible surfaces, such as interior surface of roof 

plate and rafters, with specified surface preparation. Prime coat prior to erection.  Apply a 
minimum of two additional full coats prior to final placement. Surface preparation and 
prime coat application may be conducted off-site. Follow inspection of shop blasting and 
painting in accordance with this specification.  Follow the recoat intervals recommended 
by the manufacturer. 

 
2. For repair of existing tanks, prepare all inaccessible interior surfaces of roof plate and 

rafters to be installed with specified surface preparation and a minimum of two full coats 
prior to final placement. 

 
R. Jack the roof plate/rafter interfaces, which are not accessible for surface preparation and coating 

work, off the rafters to facilitate blasting and coating the tops of rafters and the roof plate. Move 
wedges used to hold the roof plate off the rafters as required so that all areas between the rafters 
and roof plate are blasted and coated. 

 
S. For wet surfaces, including immersion and condensation zones, maintain a constant positive flow 

of dehumidified air, with adequate circulation across the finish coat for a period of ten (10) days, 
minimum.  Evacuate solvent from the bottom of the tank. Forced or induced airflow may 

 be required. Any accelerated curing procedure must be recommended in writing by the 
manufacturer and approved by the Engineer. 

 
T. Repair damaged areas in galvanized coating as follows: 

 
1. Interior surfaces require a NSF approved cold galvanizing component. 
 
2. Mechanical exterior damage to be prepared by hand tool (SP-2) or power tool (SP-3) 
 spot cleaning and to be spot coated with an organic zinc coating approved by the 
 Engineer. 
 
3. Prepare damaged areas exhibiting red rust to bare metal (SP-11) and coat with an 
 inorganic zinc coating approved by the Engineer. 

 
U. Coatings work will be permitted during daylight hours only unless arrangements or permission 

has been granted in writing.  
 

3.06 PROTECTION OF SURFACES 
 

A. Unless otherwise specified, painting will not be required on the following items: 
 
1. Exposed surfaces of Aluminum 
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2. Polished or finished Stainless Steel 
 
3. Nickel, Monel, Copper, Bronze, Lead or Brass 
 
4. Rubber and plastic including Fiberglass Reinforced Plastics 
 
5. Chromium plated surfaces 

 
 B. If Contractor applies paint to or causes damage to surfaces to be protected or unspecified  
  surfaces, removal of coating, repair or replacement of item is required. 
 
 C.  Protect all surfaces, which are not to be painted, from overblasting, spraying, over spray, 

 spatters, or spillage of paint. 
 
3.07 PAINT SYSTEM IDENTIFICATION 
 

A. Tank Label: 
 

 Stencil (or use ready-to-apply decals) the information below to the side of the tank near the 
 flush clean-out door for GST and the access door for EST about 3 feet from the ground after 
 completion of the painting operation.  Letters are to be 0.75 inches in height, the color is to be 
 black and material is to be compatible with finish coat: 
 

1. Date of coating application.  Completion [month/year] 
 
2. General Contractor, Painting Contractor 
 
3. Interior coating system supplier and product number(s). Surface Preparation, Prime 
 Coat, Intermediate Coat, Finish Coat, Caulking 
 
4. Exterior coating system supplier and product number(s). Surface Preparation, Prime 
 Coat, Intermediate Coat, Finish Coat 

 
3.08 INSPECTION, TESTING, RECORD KEEPING 
 

A. Schedule and coordinate work with the Engineer to allow for expeditious inspection by the 
 City or designated representative, including the use of ladders, scaffolds, lighting and 
 swingstages to provide regular access for inspections. 

 
B. All surfaces ready to receive a coating must be approved by the Engineer before the  

 application of the next succeeding specified coat.  If the Contractor proceeds without such 
 approval, he may, at the direction of the Engineer, be required to remove and/or recoat all such 
 work at no additional cost to the City. 

 
C. Measure wet film thickness at least once every thirty (30) minutes to make certain that proper 
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 film thickness is being achieved.  More frequent checks may be required by the Engineer at his 
 direction. 

 
D. Test all tank interior coated surfaces under the direction of the Engineer for nicks, scrapes 

 and/or pinholes in the coating film using a low voltage, wet sponge holiday detector for thin 
 film coating (<20 mils) and high voltage holiday detector for thick film coating (>20 mils). 
 Perform holiday detection in accordance with NACE RP0188-90: "Discontinuity (Holiday) 
 Testing of Protective Coatings."  Correct any deficiencies to the satisfaction of the Engineer. 

 
E. Record temperature, humidity, and dew point on a log including date and time reading  obtained.  

Obtain a minimum of three such readings on days of coating application. The  format for these 
records is presented in Table 3, "Daily Coating Summary Report" included in this Section.  Enter 
the records into a Windows compatible file such as Quatro Pro or Excel and submit a hard copy 
with monthly pay requests for those months when coatings are applied.  Furnish the Engineer with 
a 3-1/2” disk containing the complete coating summary report for the project at the end of the 
project, or in the interim, if requested. 

 
F. Paint films showing sags, checks, blisters, teardrops, curtains, fish eyes, or fat edges will not  

 be accepted.  Entirely remove films exhibiting any of these defects and recoat the surface at no 
 additional cost to the City. 

 
G. Inspect blasted steel surfaces by the Engineer using SSPC-Vis 1-89, "Visual Standard for 

 Abrasive Blast Cleaned Steel", or NACE TM-0175-75 for new steel. 
 
H. Demonstrate surface profile conformance to the specifications by obtaining average results of  a 

minimum of ten (10) equally spaced anchor profile determinations per 1000 square feet. Employ 
at the discretion of the Engineer, ASTM D 4417 "Standard Test Methods for Field Measurement 
of Surface Profile of Blast Cleaned Steel" Method A, B or C.  ASTM D 4417  Method C shall  
be employed to resolve any dispute.  The average reading to be between 2.0 mils and 3.0 mils.  
Any individual profile point less than 1.5 mils or greater than 4.0 mils will be cause for rejection 
of the anchor profile.  Rejected areas are to be reblasted to correct profile. 

 
3.09 FINISH SCHEDULE 
 

A. A list of the tanks to be coated is presented in Table 2, "Surface Preparation and Finish Schedule " 
at the end of this section.  Table 2 contains the required pre-cleaning procedures, the degree of 
surface preparation and coating system schedule for the interior and exterior of the various tanks. 

 
B. Utilize the following legend for TABLE 2 "Surface Preparation and Finish Schedule": 

 
1. Prior to abrasive blasting, degrease oily residue using steam cleaner and/or water blaster.  

Check with black light and reclean if necessary.  Check the pH of the surface for neutrality 
if an emulsifying type degreaser is used. 

 
2. Prior to abrasive blasting, perform Solvent Cleaning  (SSPC-SP-1-82) to remove oil, 

grease and other detrimental foreign contaminants for interior and/or exterior surfaces. 
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3. Power Tool Clean (SSPC-SP-3-82) any new welds, flame cut surfaces, buckshot and/or 

weld splatter associated with tank repairs, modifications and other new work. 
 
4. Perform Near White Blast Cleaning (SSPC-SP10 - NACE No. 2) of all interior tank 

surfaces unless otherwise noted in the Finish Schedule.  Achieve an AVERAGE of 2.0 
mils to 3.0 mils with no individual reading greater than 4.0 mils or less than 1.5 mils for 
anchor profile on abrasive blasted surfaces.  

 
5. Perform Near White Blast Cleaning (SSPC-SP10 - NACE No. 2) to the exterior surfaces. 

Achieve an AVERAGE of 2.0 mils to 3.0 mils with no individual reading greater than 4.0 
mils or less than 1.5 mils for anchor profile on abrasive blasted surfaces. 

 
6. Perform Commercial Blast (SSPC-SP6 - NACE No. 3) on all exterior surfaces. Achieve 

an AVERAGE of 2.0 mils to 3.0 mils with no individual reading greater than 4.0 mils or 
less than 1.5 mils for anchor profile on abrasive blasted surfaces. 

 
7. Perform Brush-Off Blast (SSPC-SP7 - NACE No. 4) on all exterior surfaces to remove 

poorly adhering coatings, mildew, dirt, soil and other detrimental foreign contaminants.  
Use of TSP or equal will improve cleaning effectiveness. 

 
8. Spot Repair by hand sanding and/or power tool cleaning any pinholed coatings, damaged 

coatings and/or rust spots.  All repair areas are to be feathered into adjacent painted areas 
using the appropriate paint system specified for the applicable interior or exterior of the 
tank. 

 
9. Three (3) Coat Interior Polyamide Epoxy Paint System having ANSI/NSF 61 approval for 

potable water service.  Each coat in alternating colors. 
a) The total coating system to have a nominal dry film thickness of 10 mils to 16 

 mils. 
b) Each primer and intermediate coats to have a nominal 3 to 5 mils DFT.  Finish 

 coat to have a nominal 4 to 6 mils DFT. 
c) All DFT measurements are to be performed in accordance with SSPC-PA2 and 

 represent the DFT, corrected for magnetic base readings. 
 

10. Two (2) Coat Interior Polyamide Epoxy Paint System having ANSI/NSF 61 approval for 
potable water service.  Each coat a different color. 
a) The total coating system to have a nominal dry film thickness of 7 mils to 11 

 mils. 
b) Primer coat to have a nominal dry film thickness of 3 to 5 mils, and for the 

 finish coat, 4 to 6 mils. 
c) All DFT measurements are to be performed in accordance with SSPC-PA2 and  
 represent the DFT corrected for magnetic base readings. 
 

11. Interior Epoxy Caulk Material to be EPA and FDA approved for potable water service 
such as Raven Lining Systems A-7.  Apply caulk material to surfaces which have received 
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a Near White Metal Blast (SSPC SP-10 - NACE No. 2).  Apply caulk in a smooth and 
continuous manner, overlapping material at least one inch on each side of seam to be 
caulked.  Caulk to be at least 30 mils thick at centerline of seam. After material has cured 
but prior to application of any coating, lightly scarify the surface of the caulk material. 
Caulk material is not to be applied to continuous weld seams except as required to fill 
deep weld undercuts.  The 1.0 inch overlap does not apply for deep pit repairs or 
undercuts. 

 
12. Three (3) Coat Exterior Epoxy/Epoxy Urethane Paint System.  Intermediate color to 

compliment topcoat color selected by the City. 
a) The total coating system to have a nominal dry film thickness of 9 to 12.5 mils. 
b) Primer coat to have a nominal dry film thickness (DFT) of 3 to 4.5 mils.  

Intermediate coat to have a nominal 4.5 to 6 mils DFT.  Finish coat to have a 
nominal 1.5 to 2 mils DFT. 

c) All field coats to be brush or roller applied.  SPRAY APPLICATION ON SITE 
REQUIRES APPROVAL OF CITY AND USE OF CONTAINMENT 
SCREENING. 

d) All DFT measurements are to be performed in accordance with SSPC-PA2 and 
represent the DFT adjusted for magnetic base readings of abrasive blast cleaned 
steel. 

 
13. Two (2) Coat Exterior Epoxy /Urethane Paint System.  Intermediate color to compliment 

topcoat color selected by the City. 
a) Total coating system to have a nominal dry film thickness of 6 to 8 mils. 
b) Primer coat to have a nominal 4.5 to 6 mils DFT.  Finish coat to have a nominal 

1.5 to 2 mils DFT. 
c) All field coats to be brush or roller applied.  SPRAY APPLICATION ON SITE 

REQUIRES APPROVAL OF CITY AND USE OF CONTAINMENT 
SCREENING. 

d) All DFT measurements are to be performed in accordance with SSPC-PA2 and 
shall represent the DFT adjusted for magnetic base readings of abrasive blast 
cleaned steel. 

 
14. Two (2) Coat Exterior Silicone Alkyd Paint System  

a) Prime all blasted and repaired areas with one coat of Alkyd Primer having  
 a nominal DFT of 3 to 4.5 mils. 
b) Apply full Silicone Alkyd Finish Coat having a nominal DFT of 2.5 to 4 mils. 
c) Total coating system to have a nominal 5.5 to 8.5 mils DFT. 
d) All field coats to be brush or roller applied.  SPRAY APPLICATION ON SITE 

REQUIRES APPROVAL OF CITY AND USE OF CONTAINMENT 
SCREENING. 

e) All DFT measurements are to be performed in accordance with SSPC-PA2 and  
represent the DFT adjusted for magnetic base readings for abrasive blast cleaned steel. 

 
15. Interior 100% Solids, Plural Component Paint System having ANSI/NSF 61 approval for 

 potable water service.   
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a) Total coating system to have a minimum nominal dry film thickness of 20 to 25 
mils. 

b) Apply coating in one or two coats, as recommended by the manufacturer. 
c) All DFT measurements are to be performed in accordance with SSPC-PA2 and 

shall represent the DFT corrected for magnetic base readings. 
d) Application to be in strict accordance with the manufacturer's published 

requirements. 
e) The use of dehumidification may be waived by the City when this system is 

utilized. Maintain surface cleanliness to ensure no coatings are applied over 
contaminated, rust blooms or otherwise discolored surfaces as specified elsewhere 
in these documents. Use ventilation equipment as required by the manufacturer to 
maintain a safe working environment. 

 
16. Non-Skid Walk-way 

a) GST – Provide three-foot wide safety/skid resistant roof walkway. Coating to be 
compatible with specified external prime coat coating system and applied to a 
properly cleaned surface.  Spread crushed walnut shells or aluminum oxide on 
intermediate coat while still tacky to achieve a coarse textured finish.  After this 
coat has cured, sweep all loose shells or grit from surface and apply finish coat.  

 Finish coat paint color to be a contrasting shade to the roof color.  For galvanized 
tanks, do not blast but clean according to SP-1.  Apply one coat of wash primer, 
then apply skid resistant material. 

b) EST – Provide safety/skid resistant walkway, as above, inside the handrail area on 
the tank roof. 

 
17. Concrete Surfaces 

a) Prior to application of specified system, pressure wash all surfaces to remove all 
dirt, laitence efflorescence and other non-cementitious material. 

b) Prepare concrete, masonry units, brick and plaster surfaces by removing 
efflorescence, chalk, dust, dirt, grease and oils and by roughening the surfaces as 
required to remove glaze. High pressure water, 4,000 psi minimum at 2.5 
gallons/minute minimum, with or without abrasive injection, will be used to 
remove poorly adherent or "powdery" existing paint. 

c) Determine the alkalinity and moisture content of the surfaces. Where the alkalinity 
exceeds the paint manufacturer's recommendations for application of the paint, 
correct the condition in accordance with the paint manufacturer's 
recommendations.  Do not apply paint to surfaces while the surface moisture 
content exceeds the paint manufacturer's moisture content limitations 

 
18. Continuous tank ventilation system must be able to prevent the vapor concentration from 

 reaching the TLV (threshold limit values) of exposure to the solvent(s) used in 
 accordance with the TLV values published by the American Conference of Governmental 
 Industrial Hygienists, 1991-1992 edition. 
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19. Inspect galvanized sheets for white rust deposits prior to erection. Clean any white rusted 
areas by the use of a water and scrub brush technique.  Measure the coating thickness in 
accordance with ASTM E 376-69.  Any thickness less than 3.0 mils may be cause for 
rejection of the plate. 

 
20. On ground storage tanks with aluminum domes, apply 20 mils of Ameron 487 elastomeric 

polyurethane coating, or equivalent, to the top of the wind girder, exterior shell of the tank 
under the aluminum flashing at the wind girder, and lap 6" over the top edge of the shell 
inside the tank.  

 
21. Apply 20 mils DFT nominal/16 mils minimum Corrocote II PW, 100% solids as 

manufactured by Madison Chemical Industries. Surface preparation to be in accordance 
with Manufacturer's published instructions. 

 
3.10 SCHEDULING 
 

A. Perform painting work according to the contract construction schedule as required in Section 
01330 - Submittal Procedures. 

 
B. Scheduling not to supersede temperature, humidity or other environmental requirements for 

coatings application included in these specifications. 
 
C. Coordinate work of other trades and provide conditions for neat, clean, dust-free work. 

 
3.11 SITE CLEAN-UP 
 

 The Contractor to maintain the construction site in a neat and orderly manner throughout the 
duration of the project. 

 
TABLE NO. 1 

"COATING PRODUCTS" 
 

 
Coating System 

 
Coating 
Manufacturer 
 

 
 
Primer Coat 
 

 
Intermediate 
 Coat 
 

 
 
Finish Coat 
 

 
Tank Interior 

 
 

 
 

 
 

 
 

 
3 Coat Polyamide/ 
Polyamine Epoxy 

 
ACRO 
CARBOLINE 
VALSPAR 
TNEMEC 
SHERWIN-WILLIAMS 
 

 
4460 
891 
32 SERIES 
SERIES 20 
TANK CLAD HS 

 
4460 
891 
32 SERIES 
SERIES 20 
TANK CLAD HS  

 
4460 
891 
32 SERIES 
SERIES 20 
TANK CLAD HS 
 

 
2 Coat Polyamide Epoxy 
 
 
 
 
 

 
ACRO 
CARBOLINE 
VALSPAR 
TNEMEC 
SHERWIN-WILLIAMS 
 

 
4460 
891 
32 SERIES 
SERIES 20 
TANK CLAD HS 
 

 
 

 
4460 
891 
32 SERIES 
SERIES 20 
TANK CLAD HS 
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2 Coat 100% Solids Plural Component  

 
RAVEN 
 
 

 
 

 
AQUATAPOXY A-6 
 
 

 
 
Tank Exterior 

 
 

 
 

 
 

 
 

 
3 Coat Epoxy/ 
Epoxy Polyurethane 

 
ACRO 
CARBOLINE 
VALSPAR 
TNEMEC 
SHERWIN-WILLIAMS 

 
4422 
893 
32 SERIES 
SERIES 20 
Recoatable 
Epoxy Primer 

 
4460 
890 or 893 
32 SERIES 
SERIES 20 
Macropoxy 646 

 
4429 
134 HS or 134 HG 
V40 SERIES 
SERIES 74 
HI-SOLIDS 
Polyurethane 
 
 

 
3 Coat Silicone Alkyd 

 
ACRO 
CARBOLINE 
VALSPAR 
TNEMEC 
SHERWIN-WILLIAMS 

 
1144 
RUSTARMOR 29 
U-13 F-28 
SERIES 37H 
KEM BOND HS 

 
2214V 
SUBSIL 30 HS 
20-W-9 
SERIES 2H 
STEELMASTER 
9500 

 
2215V 
SUBSIL 30 HS 
21 SERIES 
SERIES 82 
STEELMASTER 
9500 
 

 
2 Coat Silicone Alkyd 

 
ACRO 
CARBOLINE 
VALSPAR 
TNEMEC 
SHERWIN-WILLIAMS 

 
1104 
RUSTARMOR 29 
13-R-89 
SERIES 37 H 
KEM BOND HS 

 
 

 
2215V 
SUBSIL 30 HS 
V-20 SERIES 
SERIES 82 
STEELMASTER 
9500 

 
Coating System 

 
Coating  
Manufacturer 
 

 
 
Primer Coat 
 

 
Intermediate 
 Coat 
 

 
 
Finish Coat 
 

 
Skid Resistant Epoxy/ Polyurethane 

 
ACRO 
CARBOLINE 
VALSPAR 
TNEMEC 
SHERWIN-WILLIAMS 

 
4422 
890 
32 SERIES 
SERIES 20 
Recoatable 
Epoxy Primer 

 
4460 
890 
32-SERIES 
SERIES 20 
Macropoxy 646 
 

 
4429 
134 HS 
V-40 
SERIES 74 
HI-SOLIDS 
Polyurethane 
 

 
Skid Resistant Silicone Alkyd 

 
ACRO 
CARBOLINE 
VALSPAR 
TNEMEC 
SHERWIN-WILLIAMS 

 
1104 
RUSTARMOR 29 
V-13 F-28 
SERIES 37H 
KEM BOND HS 

 
2214V 
RUSTARMOR 29 
20-W-9 
SERIES 2H 
STEELMASTER 
9500 

 
2215V 
SUBSIL 30 HS 
21 SERIES 
SERIES 82 
STEELMASTER 
9500 

 
Special Service 

 
 

 
 

 
 

 
 

 
Pitted Surfaces Internal 

 
RAVEN LINING  
 
SHERWIN-WILLIAMS 

 
AQUATAPOXY A-6 
 
Steel Seam 
Trowel Grade 

 
 

 
AQUATAPOXY A-6 
 
 

 
Concrete Surfaces 

 
 

 
 

 
 

 
 

 
Internal 

 
ACRO 
CARBOLINE 
VALSPAR 
SHERWIN-WILLIAMS 

 
4460 
891 
32 SERIES 
TANK CLAD HS 

 
4460 
891 
32-SERIES 
TANK CLAD HS 

 
4460 
891 
V-40 
TANK CLAD HS 
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Exterior Above Grade ACRO 
CARBOLINE 
VALSPAR 
SHERWIN-WILLIAMS 

4453 
3359 
CRETE/GARD II 
METALATEX 

4460 
3359 
CRETE/GARD II 
METALATEX 

4429 
3359 
CRETE/GARD II 
METALATEX 

 
Interior Flexible Caulking 

 
RAVEN LINING 

 
AQUATAPOXY A-7  

 
 

 
 

 
 
 
 
 
 
 

 
TABLE NO. 2 

SURFACE PREPARATION AND FINISH SCHEDULE 
 
 

 
 
 

Tank 

 
INTERIOR 

 
EXTERIOR 

 
Surface 
Preparation 

 
Paint 
System 

 
Additional 
Work Items 

 
Surface 
Preparation 

 
Paint 
System 

 
Additional 
Work Items 

 
 

Comments 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 
 

Notes: 
 
1.     See Table 1 "Coatings Products" for allowable coating manufacturers and products. 
2.     See Paragraph 3.09 B. "Finish Schedule" for description of items listed in this table. 

 
 
 

END OF SECTION
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 SECTION 13203 
 
 TANK CLEAN-UP AND DISINFECTION 
 
PART 1   GENERAL 
 
1.01 SECTION INCLUDES 

Clean-up and disinfection of the rehabilitated storage tanks and/or new storage tanks complete 
with all required disinfecting and neutralizing chemicals, and all equipment, labor and 
superintendence. 

 
1.02 MEASUREMENT AND PAYMENT 
 

A. No separate measurement and payment for work performed under this Item. 
 

B. The Contractor shall include the cost for this work in the contract bid price for work of which 
 this is a component part. 

 
1.03 REFERENCES 
 
  A. AWWA B 300 – Standard for Hypochlorites 
 
  B. AWWA C 651 – Standard for Disinfecting Water Mains 
 
  C. AWWA C 652 – Standard for Disinfection of Water Storage Facilities 
 
1.04 SUBMITTALS 
 

A. Prior to starting disinfection work, furnish to Engineer a detailed outline of proposed sequence of 
work, manners of filling and flushing units, source and quality of water to be used, and disposal of 
wastewater. 

 
B. Submit material data sheets on all disinfectants and neutralization chemicals to be used. 

 
1.05 QUALITY ASSURANCE 
 

A. Bacteriological Sampling and Testing: 
 

1. Bacteriological sampling and water quality testing of disinfected tank to be conducted by 
 Water Quality Control Branch, Public Utility Division of the City of Houston Public 
 Works Department. 

 
2. Results to be acceptable to City of Houston. 

 
3. Tank to be verified free of coliform bacteria contamination.  Work to be in accordance 

 with AWWA C652, Disinfection of Water Storage Facilities, as applicable. 



CITY OF HOUSTON 
STANDARD SPECIFICATION                                          TANK CLEAN-UP AND DISINFECTION 
 

 
13203-2 

01/01/2011 

4.  Methods of bacteriological analysis are as specified in the Standard Methods for 
Examination of Water and Wastewater by the American Public Health Association, latest 
edition. 

 
 
PART 2   PRODUCTS 
 
2.01 DISINFECTANT 
 

Disinfectant to be calcium hypochlorite meeting the requirements of the AWWA B300 "Standard 
for Hypochlorites". 

 
2.02 WATER 
 

A. Water for the first tank washdown, disinfection, fill and testing of piping to meet the TCEQ 
Standards for potable water will be provided by the City. 

 
B. The Contractor may be required to pay for water required for refill or retesting due to failures in 

workmanship caused by the Contractor discovered during initial testing. 
 
2.03 CHLORINE NEUTRALIZING CHEMICALS 
 

Chlorine neutralizing chemicals (e.g. sulfur dioxide, sodium bisulfite, sodium sulfite, etc.), if 
required for residual reduction of heavily chlorinated water, are to be of grade and analysis 
approved by the City.  Provide the City with standard operating procedures for neutralizing any 
chlorine prior to discharge.  Contractor shall determine if a TPDES permit is required for 
discharge.  If discharging to existing sewer, Contractor shall ensure that existing capacity is 
sufficient to prevent backup from occurring.  Provide the Owner with standard operating 
procedures neutralizing any chlorine prior to discharge. 

 
 
PART 3 EXECUTION 
 
3.01 CLEAN-UP 
 

A. Remove all construction equipment, scaffolding, planks, tools, rags, paint containers, erection 
lugs, brackets weld burrs, weld spatter, or other materials not part of the tank structure. 

 
B. Clean tank of dirt, blast products, and debris by sweeping, scrubbing, vacuuming or equally 

effective measures. 
 

C. Hose down tank interior (walls, roof and floor) with potable water to remove remaining foreign 
materials. 

 
D. Collect and properly dispose of all accumulated rinse water and associated solids. 
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3.02 DISINFECTION 
 

A. General: 
 

All inside surfaces of the tank including roof, rafters and other structural members above the high 
water level but excluding the tank overflow piping are to be disinfected.  Thoroughly rinse 
chlorinated water from roof and rafters prior to the filling of the tank. 

 
B. Initial Disinfection Procedure: 

 
1. Spray and/or brush interior of tank with chlorine solution of one pound of 65 percent 

calcium hypochlorite to 100 gallons of water. 
 
2. Thoroughly coat all surfaces including inlet and outlet piping up to and including first 

block valve. 
 
3. Surfaces to be disinfected to remain in contact with disinfectant solution for a minimum of 

30 minutes. 
 
4. After minimum contact time has elapsed, disinfected surfaces to be flushed by hosing 

down with potable water. 
 

C. Secondary Disinfection Procedure: 
 

1. Fill tank with water, furnished by Owner, to approximately eight feet above the tank floor. 
 
2. Add 65% calcium hypochlorite in solution to obtain a 5 ppm residual in the eight feet of 

water in the tank as follows: 
 
 Use the following formula to calculate weight of 65% Calcium Hypochlorite to use to 

obtain  5ppm: 
 
 (Total weight of water) X (5 ppm) 
            (1,000,000) X (.65) 
 
3. Fill the tank with water to top of overflow. 
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4. Let stand for a minimum of 24 hours or until the chlorine residual is less than or equal to 4 
ppm. 

 
5. Tests for leakage shall be made at this time. 
 
6. In the event leaks occur, water shall be lowered to two feet below the point the leaks 

occur. 
 
7. After repairs, the process shall be repeated. 

 
D. Water Sampling: 

 
1. Water samples are to be taken from the tank by the Owner for bacteriological and quality 

analyses. 
 
2. The Contractor shall notify the Engineer when the tank is ready to be sampled. 
 
3. All sampling to be done during normal business working hours. 

 
E. Additional Testing Requirements: 

 
1. Repeat disinfection procedure, if necessary, at Contractor's expense until acceptable water 

samples are obtained. 
 
2. Contractor responsible for disposing of chlorinated water. 
 
3. Responsibility to include the obtaining of any necessary permits and all required 

neutralizing chemicals. 
 
4. After the bacteriological criteria have been satisfied, the water in the tank must have a 

chlorine residual of less than 2.0 ppm before the tank is placed in service.  
 
5. A Partial Certificate of Substantial Completion will be issued for each tank.  The 

Contractor shall complete all requirements for bacteriological testing, fill the tank for use 
by the City, restore tank site, and complete all other ancillary construction to obtain the 
Certificate of Substantial Completion.  The Contractor shall complete all incorrect or 
incomplete items cited with each Partial Certificate of Substantial Completion within 30 
days. 

  
3.03 DISINFECTION OF PLANT PIPING 
 

A. General: 
 

1. Furnish pump, pipe connections and necessary apparatus, gauges and meters. 
2. Furnish necessary labor, assistance and chlorination agent for disinfection. 
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B. Contamination Control: 
 

1. Prevent admission of contaminated water to previously disinfected units. 
 
2. If contaminated water is admitted to previously disinfected units, disinfect these units at 

no additional cost to Owner. 
 

C. Disinfect: 
 

In accordance with applicable sections of AWWA C651, Disinfecting Water Mains and as 
follows: 

 
1. Chlorine dose, 50 mg/l minimum. 
 
2. Retain chlorine water in system until completion of hydrostatic tests.  Minimum retention 

period to be 24 hours. 
 
3. Following chlorination, flush treated water from piping until replacement water has 

chlorine content not more than 0.1 mg/l in excess of residual in water from supply line, 
and in any event not more than 0.2 mg/l total. 

 
4. If initial treatment results in an unsatisfactory bacterial test, repeat disinfection procedures 

at no additional cost to Owner until satisfactory results are obtained. 
 
 
 END OF SECTION 
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 SECTION 13203 
 
 TANK CLEAN-UP AND DISINFECTION 
 
PART 1   GENERAL 
 
1.01 SECTION INCLUDES 

Clean-up and disinfection of the rehabilitated storage tanks and/or new storage tanks complete 
with all required disinfecting and neutralizing chemicals, and all equipment, labor and 
superintendence. 

 
1.02 MEASUREMENT AND PAYMENT 
 

A. No separate measurement and payment for work performed under this Item. 
 

B. The Contractor shall include the cost for this work in the contract bid price for work of which 
 this is a component part. 

 
1.03 REFERENCES 
 
  A. AWWA B 300 – Standard for Hypochlorites 
 
  B. AWWA C 651 – Standard for Disinfecting Water Mains 
 
  C. AWWA C 652 – Standard for Disinfection of Water Storage Facilities 
 
1.04 SUBMITTALS 
 

A. Prior to starting disinfection work, furnish to Engineer a detailed outline of proposed sequence of 
work, manners of filling and flushing units, source and quality of water to be used, and disposal of 
wastewater. 

 
B. Submit material data sheets on all disinfectants and neutralization chemicals to be used. 

 
1.05 QUALITY ASSURANCE 
 

A. Bacteriological Sampling and Testing: 
 

1. Bacteriological sampling and water quality testing of disinfected tank to be conducted by 
 Water Quality Control Branch, Public Utility Division of the City of Houston Public 
 Works Department. 

 
2. Results to be acceptable to City of Houston. 

 
3. Tank to be verified free of coliform bacteria contamination.  Work to be in accordance 

 with AWWA C652, Disinfection of Water Storage Facilities, as applicable. 
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4.  Methods of bacteriological analysis are as specified in the Standard Methods for 
Examination of Water and Wastewater by the American Public Health Association, latest 
edition. 

 
 
PART 2   PRODUCTS 
 
2.01 DISINFECTANT 
 

Disinfectant to be calcium hypochlorite meeting the requirements of the AWWA B300 "Standard 
for Hypochlorites". 

 
2.02 WATER 
 

A. Water for the first tank washdown, disinfection, fill and testing of piping to meet the TCEQ 
Standards for potable water will be provided by the City. 

 
B. The Contractor may be required to pay for water required for refill or retesting due to failures in 

workmanship caused by the Contractor discovered during initial testing. 
 
2.03 CHLORINE NEUTRALIZING CHEMICALS 
 

Chlorine neutralizing chemicals (e.g. sulfur dioxide, sodium bisulfite, sodium sulfite, etc.), if 
required for residual reduction of heavily chlorinated water, are to be of grade and analysis 
approved by the City.  Provide the City with standard operating procedures for neutralizing any 
chlorine prior to discharge.  Contractor shall determine if a TPDES permit is required for 
discharge.  If discharging to existing sewer, Contractor shall ensure that existing capacity is 
sufficient to prevent backup from occurring.  Provide the Owner with standard operating 
procedures neutralizing any chlorine prior to discharge. 

 
 
PART 3 EXECUTION 
 
3.01 CLEAN-UP 
 

A. Remove all construction equipment, scaffolding, planks, tools, rags, paint containers, erection 
lugs, brackets weld burrs, weld spatter, or other materials not part of the tank structure. 

 
B. Clean tank of dirt, blast products, and debris by sweeping, scrubbing, vacuuming or equally 

effective measures. 
 

C. Hose down tank interior (walls, roof and floor) with potable water to remove remaining foreign 
materials. 

 
D. Collect and properly dispose of all accumulated rinse water and associated solids. 
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3.02 DISINFECTION 
 

A. General: 
 

All inside surfaces of the tank including roof, rafters and other structural members above the high 
water level but excluding the tank overflow piping are to be disinfected.  Thoroughly rinse 
chlorinated water from roof and rafters prior to the filling of the tank. 

 
B. Initial Disinfection Procedure: 

 
1. Spray and/or brush interior of tank with chlorine solution of one pound of 65 percent 

calcium hypochlorite to 100 gallons of water. 
 
2. Thoroughly coat all surfaces including inlet and outlet piping up to and including first 

block valve. 
 
3. Surfaces to be disinfected to remain in contact with disinfectant solution for a minimum of 

30 minutes. 
 
4. After minimum contact time has elapsed, disinfected surfaces to be flushed by hosing 

down with potable water. 
 

C. Secondary Disinfection Procedure: 
 

1. Fill tank with water, furnished by Owner, to approximately eight feet above the tank floor. 
 
2. Add 65% calcium hypochlorite in solution to obtain a 5 ppm residual in the eight feet of 

water in the tank as follows: 
 
 Use the following formula to calculate weight of 65% Calcium Hypochlorite to use to 

obtain  5ppm: 
 
 (Total weight of water) X (5 ppm) 
            (1,000,000) X (.65) 
 
3. Fill the tank with water to top of overflow. 
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4. Let stand for a minimum of 24 hours or until the chlorine residual is less than or equal to 4 
ppm. 

 
5. Tests for leakage shall be made at this time. 
 
6. In the event leaks occur, water shall be lowered to two feet below the point the leaks 

occur. 
 
7. After repairs, the process shall be repeated. 

 
D. Water Sampling: 

 
1. Water samples are to be taken from the tank by the Owner for bacteriological and quality 

analyses. 
 
2. The Contractor shall notify the Engineer when the tank is ready to be sampled. 
 
3. All sampling to be done during normal business working hours. 

 
E. Additional Testing Requirements: 

 
1. Repeat disinfection procedure, if necessary, at Contractor's expense until acceptable water 

samples are obtained. 
 
2. Contractor responsible for disposing of chlorinated water. 
 
3. Responsibility to include the obtaining of any necessary permits and all required 

neutralizing chemicals. 
 
4. After the bacteriological criteria have been satisfied, the water in the tank must have a 

chlorine residual of less than 2.0 ppm before the tank is placed in service.  
 
5. A Partial Certificate of Substantial Completion will be issued for each tank.  The 

Contractor shall complete all requirements for bacteriological testing, fill the tank for use 
by the City, restore tank site, and complete all other ancillary construction to obtain the 
Certificate of Substantial Completion.  The Contractor shall complete all incorrect or 
incomplete items cited with each Partial Certificate of Substantial Completion within 30 
days. 

  
3.03 DISINFECTION OF PLANT PIPING 
 

A. General: 
 

1. Furnish pump, pipe connections and necessary apparatus, gauges and meters. 
2. Furnish necessary labor, assistance and chlorination agent for disinfection. 
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B. Contamination Control: 
 

1. Prevent admission of contaminated water to previously disinfected units. 
 
2. If contaminated water is admitted to previously disinfected units, disinfect these units at 

no additional cost to Owner. 
 

C. Disinfect: 
 

In accordance with applicable sections of AWWA C651, Disinfecting Water Mains and as 
follows: 

 
1. Chlorine dose, 50 mg/l minimum. 
 
2. Retain chlorine water in system until completion of hydrostatic tests.  Minimum retention 

period to be 24 hours. 
 
3. Following chlorination, flush treated water from piping until replacement water has 

chlorine content not more than 0.1 mg/l in excess of residual in water from supply line, 
and in any event not more than 0.2 mg/l total. 

 
4. If initial treatment results in an unsatisfactory bacterial test, repeat disinfection procedures 

at no additional cost to Owner until satisfactory results are obtained. 
 
 
 END OF SECTION 
 
 
 
 
 
 
 
 
 
 
 



 PROCESS INSTRUMENTATION 
New / Replacement of Water Well – D203 Water Well No. 3 AND CONTROLS 
WBS No. S-000100-0019-3 - GENERAL PROVISIONS 
 
 

 13300-1 
 

Section 13300 
 

PROCESS INSTRUMENTATION AND CONTROLS – GENERAL PROVISIONS 
 
 
PART 1: GENERAL 
 
1.01 SCOPE OF WORK 
 

A. A pre-approved Process Control System Integrator (PCSI) shall furnish all services and 
equipment defined herein and in other specification sections as listed in Paragraph 1.03, 
Related Work.  The PCSI shall invite City personnel to all tests.  City personnel shall be 
notified of all test 7 days in advance of tests. 

 
B. All materials, equipment, labor, and services required to achieve a fully configured 

integrated and operational process control system shall be provided.  The PCSI shall 
design and coordinate the process control system for proper operation with related 
equipment and materials furnished by other suppliers under other sections of these 
specifications and with related existing equipment. Application software programming 
for the Programmable Logic Controller (PLC) System and programming/graphics 
development for the HMI shall be performed by the Software Engineer (SE) as addressed 
in Specification 13441.  Programming, configuration, and integration, including but not 
limited to Ethernet configuration and communications between all field I/O and PLC 
communications shall also be provided by the SE.  In addition, the SE shall be 
responsible for providing all third party software/PLC code required to establish 
communication with the supplied hardware.  It shall be understood that when the PCSI is 
directed in this specification to provide any of the services reserved in this paragraph for 
the SE, the SE and not the PCSI shall provide those services. 

 
C. All configuration, integration, including but not limited to: loading of all software on 

network equipment configuration and communications between servers and RTUs shall 
be provided by the SE.  All programming of RTUs and HMI shall be by the SE. The 
PCSI shall furnish the operating system software and the application software. 

 
D. Auxiliary and accessory devices necessary for system operation or performance to 

interface with existing equipment or equipment provided by other suppliers under other 
sections of these specifications, shall be included whether or not they are shown on the 
drawings.  These devices include, but are not limited to, transducers, current isolators, 
signal conditioners, interposing relays, power supplies, and fiber optic transceivers. 

 
E. Substitution of functions or type of equipment specified shall not be acceptable.  In order 

to ensure parts are interchangeable, maintain quality, interface between the various 
subsystems, and establish minimums with regard to ranges and accuracy, strict 
compliance with the above requirements shall be maintained.  System design shall allow 
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for the removal of individual devices from service without disrupting other devices in 
service. 

 
F. Equipment shall be fabricated, assembled, installed, and placed in proper operating 

condition in full conformity with detail drawings, specifications, engineering data, 
instructions, and recommendations by the equipment manufacturer as approved by the 
Engineer. 

 
G. The PCSI shall be responsible for calibrating all existing instruments that will interface 

with the control system. 
 

H. To facilitate the Owner's future operation and maintenance, products shall be by the same 
major manufacturer, with panel-mounted devices of the same type and model as far as 
possible. 

 
I. The water well and re-pump stations where improvements will take place are existing and 

all work shall be coordinated with station operating personnel to minimize impact on 
daily operation.  Specifically, the contractor shall be responsible for providing a detailed 
daily plan to demonstrate how each of the PLCs shall be replaced or modified so that 
there is no operational down time experienced by the station.  This plan shall be a 
submitted for review and approval before any work is started on site.  The actual 
sequence of the work is left to the contractor, but extensive pre-planning is necessary to 
accomplish the work. The following criteria must be used by the contractor when 
developing the PLC Replacement Plan: 

 
1. PLC outages that result in more than one hour of operational downtime will not be 

allowed. 

2. PLC outages of more than twice in an eight hour period will not be allowed. 

3. Work on more than one PLC at a time will not be allowed. 

4. The owner’s personnel will operate all equipment in the station.  The contractor shall 
not operate any City owned equipment.  Work to place specific equipment into 
MANUAL operation must be coordinated with the owner at least 24 hours in 
advance.  In cases where there are no existing devices to place equipment into a 
constant running operation (i.e. no Hand-Off-Auto switch), then the contractor shall 
improvise by using temporary wiring. 

5. The PCSI contractor shall use temporary measures to ensure that the flow pacing 
signals used to meter chemicals are maintained at all times, regardless of which PLCs 
are out of service. 

 
J. The water wells and re- pump stations are fully operational facilities monitored and 

controlled by local panels and PLCs.  After switch over, the PCSI must demonstrate that 
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all new equipment and reused existing equipment is connected to PLCs and the new 
computer system is fully functional as specified and as shown on the Contract Drawings.  

 
K. The Owner shall retain salvage rights to all material and equipment removed in the 

course of this work.  All materials and equipment retained by the Owner shall be 
delivered to a point designated by the Owner in Houston, Texas.  Any materials or 
equipment not retained by the Owner shall be removed from the site and disposed of by 
the General Contractor in accordance with applicable regulations and laws. 

 
L. All equipment and installations shall satisfy applicable Federal, State, and local codes. 

 
M. The Contract Drawings and related specification sections provide additional details 

showing building plan layouts, instrument device specifications, functional requirements 
of the system, and interfacing with other equipment. 

 
N. All materials, equipment, labor, and services necessary to achieve the monitoring and 

control functions described herein shall be provided in a timely manner so that the 
monitoring and control functions are available when the equipment is ready to be placed 
into service. 

 
O. The PCSI shall coordinate and schedule all required testing with the General Contractor, 

Owner, and Engineer. 
 

P. The PCSI shall coordinate and schedule all required training with the General Contractor, 
Owner, and Engineer. 

 
Q. The PCSI shall provide a monthly status report and updated project schedule to the 

General Contractor to be included in the General Contractor’s overall project schedule.  
 

1.02 MEASUREMENT AND PAYMENT 
 

A. No separate payment will be provided for work performed under this Section.  Include 
the cost for this work in the lump sum base bid. 

 
B. Refer to Section 01270 – Measurement and Payment. 

 
1.03 RELATED WORK 

 
A. The PCSI shall furnish all materials, labor, and services specified in the following 

specification sections as required ensuring that a single, coordinated system is supplied: 
 

1. Section 16195 – Electrical Identification 
 

B. Divisions requiring coordination shall include, but not be limited to, the following: 
 



 PROCESS INSTRUMENTATION 
New / Replacement of Water Well – D203 Water Well No. 3 AND CONTROLS 
WBS No. S-000100-0019-3 - GENERAL PROVISIONS 
 
 

 13300-4 
 

1. Division 1 - General Requirements 
 

2. Division 13 - Special Construction 
 

3. Division 15 - Mechanical 
 

4. Division 16 - Electrical 
 

C. The PCSI shall coordinate with all equipment suppliers, mechanical subcontractor, 
electrical subcontractor, and General Contractor. 

 
1.04 COORDINATION MEETINGS 

 
A. A. The PCSI shall schedule and administer a minimum of three mandatory coordination 

meetings.  The PCSI shall make arrangements for meetings; prepare agenda with copies 
to participants at least one week before scheduled meetings.  The meetings shall be 
conducted at the construction field office and shall include, as a minimum, attendance by 
the Owner, Engineer, General Contractor’s project engineer, PCSI’s project engineer, and 
the electrical subcontractor. 

 
1. The first coordination meeting shall be held in advance of the first PCSI shop drawing 

submittal.  The purpose of the first meeting shall be for the PCSI to: 
 

a. Summarize their understanding of the project 
 

b. Discuss any proposed substitutions or alternatives 
 

c. Schedule testing and delivery milestone dates 
 

d. Provide a forum for the PCSI to coordinate hardware and software related issues 
 

e. Request any additional information required from the Owner and/or Engineer. 
 

f. The PCSI shall bring a draft version of shop drawings to the meeting to provide 
the basis for the Owner/Engineer's input into their development. 
 

2. The second coordination meeting shall be held after the Field Instruments, Digital 
System Hardware, and Control Panels and Panel Mounted Equipment shop drawing 
submittals have been reviewed by the Engineer and returned to the PCSI.  The 
purpose of the second meeting is to: 

 
a. Discuss comments made on the submittal packages 

 
b. Refine scheduled milestone dates 
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c. Coordinate equipment installation activities 
 

3. The last coordination meeting shall be held one month prior to factory acceptance 
testing.  The purpose of the last coordination meeting is to discuss any remaining 
coordination requirements.  

 
4. A typical agenda may include, but is not limited to, the following: 

 
a. Review minutes of previous meetings 

 
b. Review of work progress 

 
c. Field observations, problems, and decisions 

 
d. Identification of problems, which impede planned progress 

 
e. Review of submittal schedule and submittal status 

 
f. Review of off-site fabrications and delivery schedules 

 
g. Maintenance of progress schedule 

 
h. Corrective measures to regain projected schedules 

 
i. Planned activities for subsequent work period 

 
j. Coordination of projected progress 

 
k. Maintenance of quality and work standards 

 
l. Effect of proposed changes on progress schedule and coordination 

 
m. Other business relating to project 

 
B. The PCSI’s cost associated with the coordination meetings is the responsibility of the 

PCSI.  
 

1.05 SUBMITTALS 
 

A. Submit shop drawings in accordance with Section 01300, Submittals.  The shop drawings 
shall fully demonstrate that the equipment and services to be furnished comply with the 
provisions of these specifications and provide a true and complete record of the 
equipment as manufactured and delivered.  Each submittal shall be securely bound with 
an index and sectional dividers.  All submittal drawings shall be legible and shall be 11 
inches x 17 inches.  
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B. The Engineer shall determine whether a product is an “Approved Equal” based upon the 

information listed herein and the manufacturer’s data sheets regarding the models 
specified. Alternate equipment must meet the criteria listed herein and any additional 
information in the manufacturer’s data sheets in order to be accepted as an “Approved 
Equal”.  Supplier must furnish five working installation references for any alternate 
equipment along with owner, contact, and telephone number. 

 
C. The submittals listed below shall be provided as a minimum.  Other specification sections 

may require other submittals not listed here.  Each submittal must be complete.  No 
partial submittals will be accepted. 

 
1. System Input/Output List 

 
2. Project Plan 

 
3. The project plan shall be submitted and approved before any additional submittals 

(except I/O List) will be accepted. 
 

4. Field Instruments 
 

5. Digital System Hardware 
 

6. Control Panels and Panel Mounted Equipment 
 

7. Testing 
 

8. Training 
 

9. Loop Diagrams 
 

10. Spares, Expendables, and Test Equipment 
 

11. Operation and Maintenance (O&M) Manuals 
 

D. Submittal Descriptions 
 

1. System Input/Output List 
 

a. Within 90 days of the contract award, the PCSI shall submit a System 
Input/Output List submittal containing a complete system Input/Output (I/O) list 
for equipment connected to the control system under this Contract. The I/O list 
shall be submitted in a Microsoft Excel electronic file format on a CD ROM and 
an 8 1/2-inch by 11-inch hard copy.  The hard copy list shall be sorted first by 
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ISA tag name and second by I/O type (i.e., AI, AO, DI, DO, etc.).  The list shall 
contain, as a minimum, the following for each active point and spare point: 
 
(1) Tag name 
 
(2) Type of I/O (i.e., DI, DO, AI or AO) 
 
(3) I/O point address (PLC name/address and point address) 
 
(4) Point name (or SPARE) 
 
(5) Point description 
 
(6) High/Low range and engineering units 
 
(7) Alarm limits 
 
(8) Relay normal status contact configuration 
 
(9) I/O terminal point physical location (panel name, rack, slot etc.) 
 

(10) 2-wire or 4-wire instrument. 
 

2. Project Plan  
 

a. The Project Plan shall provide an overview of the proposed system including 
system architecture drawing, approach to work, proposed work schedule 
indicating milestones and potential meetings, project personnel and organization, 
details of factory testing and field testing, and details of training program.  The 
Project Plan shall also include an acknowledgment of conformance to the 
specification on a paragraph-by-paragraph basis indicating any proposed 
deviations.  The schedule shall be coordinated with the project execution schedule 
and illustrate all major project milestones including the following: 
 
(1) Schedule for all subsequent project submittals 
 
(2) Schedule for all project design review meetings 
 
(3) Schedule for manufacture, assembly and staging of all process control system 

equipment 
 
(4) Schedule for all tests 
 
(5) Schedule for shipment of all process control system equipment and peripheral 

devices 
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(6) Schedule for equipment start-up 
 
(7) Schedule for all training 
 

3. Existing System Replacement Work Plan 
 

a. Provide in detail a step-by-step switchover plan from the existing system to the 
new PC/PLC-based monitoring and control system for the existing plant. 
 

b. The submittal shall provide the coordination details among Owner, General 
Contractor, and subcontractors that may be affected by the switchover plan. 
 

c. The submittal shall include a switchover schedule. 
 

4. Field Instruments 
 

a. This submittal shall provide complete documentation of all field instruments 
using ISA-S20 format.  A complete Bill of Materials (BOM) listing all 
instrumentation equipment shall be provided. 
 

b. Data Sheets 
 
(1) Provide data sheets for each instrument listing model numbers, options, and 

ancillary devices that are being provided.  The data sheets shall be provided 
with an index, proper identification, and cross-referencing.  The data sheets 
shall include, but not be limited to, the following information: 

 
(2) Equipment Number and ISA tag number per the Loop Diagrams 
 
(3) Product (item) name used herein and on the Contract Drawings 
 
(4) Manufacturer's complete model number 
 
(5) Location of the device 
 
(6) Input output characteristics 
 
(7) Range, size, and graduations 
 
(8) Physical size with dimensions, enclosure NEMA classification and mounting 

details 
 
(9) Materials of construction of all components 
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(10) Instrument sizing calculations where applicable 
 

(11) Certified calibration data for all flow metering devices 
 

c. Equipment Specification Sheets 
 
(1) Provide equipment specification sheets, which, shall fully describe the device, 

the intended function, how it operates and its physical environmental and 
performance characteristics.  Each data sheet shall have appropriate cross 
references to loop or equipment identification tags.  As a minimum the 
specification sheets shall include the following: 

 
a) Dimension, rigid clearances 

 
b) Mounting or installation details 

 
c) Connection 
 
d) Electrical power or air requirements 
 
e) Materials of construction 
 
f) Environmental characteristics 
 
g) Performance characteristics 
 
h) Complete information regarding the field instruments as required by ISA-

S5.4 standards shall be provided under this contract.   
 

5. Digital System Hardware  
 

a. This submittal shall provide complete documentation of the proposed hardware 
(PLC’s, RIO’s, computers, communication equipment, cables, peripherals, etc.)  
A complete BOM listing all digital hardware equipment shall be provided. 
 

b. The submittal shall include the following: 
 
(1) System Block Diagram 
 

A complete schematic system block diagram(s) showing the interconnections 
between major hardware components including, but not limited to: 

 
a) Control centers 
 
b) Panels 
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c) Power supplies 
 
d) Consoles 
 
e) Computer and peripheral devices 
 
f) Telemetry equipment 
 
g) Local digital processors and like equipment 

 
h) Surge Protetion 

 
i) Fuses on Analog loops 

 
j) Radio connection to control systems 

 
(2) The block diagram shall reflect the total integration of all digital devices in the 

system and any human machine interface (HMI) locations.  Location of all 
components shall be clearly identified with appropriate cross-references. 

 
(3) The diagram shall reference all interconnecting cabling requirements for 

digital components of the system including any data communication links. 
 

c. Data Sheets 
 
(1) A data sheet for each hardware component listing all model numbers, options, 

auxiliary and ancillary devices that are being provided. 
 
(2) The data sheets shall be provided with an index, proper identification, and 

cross-referencing.  They shall include, but not be limited to, the following 
information: 

 
a) Equipment Number and ISA tag number  
 
b) Product (item) name used herein and on the Contract Drawings 
 
c) Manufacturer's complete model number 
 
d) Location of the device 
 
e) Input/output characteristics 
 
f) Range, size, and graduations 
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g) Physical size with dimensions, enclosure NEMA classification and 
mounting details 

 
h) Materials of construction of all components 
 
i) Power supply device sizing calculations where applicable 

 
d. The Digital System Hardware submittal shall also contain all planning 

information, site preparation instructions, grounding and bonding procedures, 
cabling diagrams, plug identifications, safety precautions or guards, and 
equipment layouts in order to enable the General Contractor to proceed with the 
detailed site preparation for all equipment. 
 

6. Panel Mounted Equipment 
 

a. This submittal shall provide complete documentation of all panel instruments,  
and control equipment not submitted elsewhere.  A complete BOM listing all 
instrumentation and control equipment shall be provided. 
 

b. Provide data sheets for each component listing all model numbers, options, and 
ancillary devices that are being provided.  The data sheets shall be provided with 
an index, proper identification, and cross-referencing.  The data sheets shall 
include, but not be limited to, the following information: 
 
(1) Plant Equipment Number and ISA tag number  
 
(2) Product (item) name used herein and on the Contract Drawings 
 
(3) Manufacturer's complete model number 
 
(4) Location of the device 
 
(5) Input - output characteristics 
 
(6) Range, size, and graduations 
 
(7) Physical size with dimensions, enclosure NEMA classification and mounting 

details 
 
(8) Materials of construction of all components 
 
(9) Panel instrument or control device sizing calculations where applicable 
 

c. Provide equipment specification sheets, which shall fully describe the device, the 
intended function, how it operates, and its physical environmental and 
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performance characteristics.  Each equipment specification sheet shall have 
appropriate cross references to loop or equipment identification tags with model 
number and information pertaining to the item highlighted.  As a minimum the 
specification sheets shall include the following: 
 
(1) Dimension, rigid clearances 
 
(2) Mounting or installation details 
 
(3) Connection 
 
(4) Electrical power or air requirements 
 
(5) Materials of construction 
 
(6) Environmental characteristics 
 
(7) Performance characteristics 
 

d. Provide detailed drawings covering control panels, consoles and/or enclosures, 
which shall include: 
 
(1) Cabinet assembly and layout drawings to scale.  Drawings shall include both 

front and interior subpanel layouts. 
 
(2) Material, fabrication, and painting specifications 
 
(3) Color selection samples for selection by the Engineer 
 
(4) Where graphic display panels are required, submit detailed layouts to scale, 

including symbols and line widths, as well as color selection samples and 
details of fabrication.  Half-scale layouts shall be acceptable. 
 

(5) Panel wiring diagrams showing all power connections to equipment within 
and on the panel, combined panel power draw requirements (volts, amps), 
breaker sizes, fuse sizes, and grounding.  This wiring diagram shall be in 
ladder logic format and shall reference the appropriate loop drawing for 
continuations or details where required.  Show all wire numbers and terminal 
block designations. 

 
e. The submittal shall also contain all planning information, site preparation 

instructions, grounding and bonding procedures, cabling diagrams, plug 
identifications, safety precautions or guards, and equipment layouts in order to 
enable the General Contractor to proceed with the detailed site preparation for all 
equipment. 



 PROCESS INSTRUMENTATION 
New / Replacement of Water Well – D203 Water Well No. 3 AND CONTROLS 
WBS No. S-000100-0019-3 - GENERAL PROVISIONS 
 
 

 13300-13 
 

 
f. The submittal shall also include heat dissipation calculations for each enclosure. 

 
7. Testing (The PCSI shall invite City personnel to all tests) 

 
a. A test plan shall be submitted after the Owner and/or Engineer have approved all 

hardware submittals.  The test plan shall demonstrate that the PCSI has designed 
and configured a system that meets the design specifications. The test plan shall 
be submitted prior to the preparation of the detailed test procedures and submit 
outlines of the specific proposed tests.  Submittals shall include examples of the 
proposed forms and checklists. 
 

b. The system shall be tested using the system architecture drawing and a Bill of 
Materials of all hardware indicating manufacturer, model, and serial number.  The 
documents for the test plan shall be structured so that the Engineer understands 
what the inputs are, what the predicted outputs should be and what the actual 
outputs are.  The test plan shall have a sign off and date block for the PCSI, 
General Contractor, Owner, and Engineer.  
 

c. The test plan should include the following as a minimum: 
 
(1) A BOM listing control system components’ manufacturer, model and serial 

number. 
 
(2) System hardware summary  
 
(3) A testing schedule describing the specific tasks to be performed and the time 

allotted for each task 
 
(4) Communications tests to the various PLCs for discrete and analog I/O data 

transfer 
 
(5) 100 percent I/O point test including all spare points based upon the previously 

submitted system I/O list 
 

d. Test procedures shall be submitted after the test plan submittal has been reviewed 
by the Engineer and returned stamped either Approved or Approved as Noted, 
Confirm.  The submittal shall document the proposed procedures to be followed 
during the test.  Procedures shall include test descriptions, forms, and checklists to 
be used to control and document the required tests.  Testing shall not be started 
until all Testing Submittals have been approved. 
 

e. For Test Documentation, submit a copy of the signed off test procedures upon 
completion of each required test. 
 



 PROCESS INSTRUMENTATION 
New / Replacement of Water Well – D203 Water Well No. 3 AND CONTROLS 
WBS No. S-000100-0019-3 - GENERAL PROVISIONS 
 
 

 13300-14 
 

8. Training (Include City Plant Operators who will operate the plant via the HMI) 
 

a. Submit an overview of the proposed training plan.  Each proposed course shall 
include:  
 
(1) An overview of the training plan explaining why specific courses are 

proposed 
 
(2) Course title and objectives 
 
(3) Prerequisite training and experience of attendees 
 
(4) Recommended attendees 
 
(5) Course Content - A topical outline 
 
(6) Course Duration 
 
(7) Course Location - Training center or jobsite 
 
(8) Course Format - Lecture, laboratory demonstration, etc. 
 

b. The Engineer shall review the preliminary training plan submittal with the Owner. 
 

c. Upon receipt of the Owner's and Engineer's comments on the preliminary training 
plan, submit the specific proposed training plan.  The training plan shall include: 
 
(1) Definition of each course 
 
(2) Specific course attendance 
 
(3) Schedule of training courses including dates, duration, and location of each 

class 
 
(4) Resumes of the instructors who will actually conduct the training 
 

9. Loop Diagrams 
 

a. Provide detailed loop diagrams on single 11 inches x 17 inches or 8.5 inches x 11 
inches sheets for each monitoring or control loop.  The submittal shall also be 
submitted in electronic format on a flash drive.  The loop diagrams shall show all 
components of the loop both analog, digital, and discrete including all relays, 
switches, dropping resistors, etc. which are being provided for proper operation.  
Loop numbers used shall correspond to the loop numbers indicated in the contract 
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documents.  The format shall be the Instrument Society of America, Standard for 
Instrument Loop Diagrams, ISA-S5.4, and the following requirements: 
 
(1) On each diagram present a tabular summary of: 
 

a) The output capability of the transmitting instrument 

b) The input impedance of each receiving instrument 

c) Estimate of the loop wiring impedance based on wire sizes and 
approximate length used 

d) The total loop impedance 

e) Reserve output capacity 
 
(2) Show all interconnecting wiring between equipment, panels, terminal junction 

boxes and field mounted components.  The diagrams shall show all 
components and panel terminal board identification numbers and all wire 
numbers.  This diagram shall include all intermediate terminations between 
field elements and panels (e.g., terminal junction boxes).  The diagrams shall 
be coordinated with the electrical contractor and bear mark showing this has 
been done. 

 
(3) Show location of all devices 
 
(4) Show instrument description showing type, manufacturer, model number, 

range, setpoints, and operation (e.g., fail open, open on energization, normally 
closed, etc.) as applicable. 

 
(5) Show all instrument loop power or instrument air requirements back to 

termination on terminal block or bulkhead, fuse blocks (including fuse size), 
etc., as applicable. 

 
(6) Show all grounding points within cabinets and panels and identify the 

connection point of individual components. 
 
(7) Complete information regarding the field instruments as required by ISA-S5.4 

standards shall be provided on the loop diagrams under this contract.  
 

10. Spares, Expendables, and Test Equipment 
 

a. This submittal shall include the following for each Subsystem: 
 
(1) A list of, and descriptive literature for, spares, expendables, and test 

equipment as specified in Instrumentation Sections. 
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(2) A separate list of, and descriptive literature for, additional spares, 

expendables, and test equipment recommended by the PCSI 
 
(3) Unit and total cost for the additional spare items recommended for each 

subsystem 
 
(4) Storage instructions for all spare parts 
 
(5) Any specialty software or hardware tools used during configuration of the 

project.   
 

NOTE: These specialty tools must be turned over to the Owner.  
 

11. Operation and Maintenance (O & M) Manuals 
 

a. Provide O & M Manuals per section 13300-1.12. 
 

b. The submittal shall also be submitted in electronic format on a CD-ROM 
 

1.06 REFERENCE STANDARDS 
 

A. American Society for Testing and Materials (ASTM). 
 

1. ASTM A269 - Standard Specification for Seamless and Welded Austenitic Stainless 
Steel Tubing for General Service. 

 
B. Instrument Society of America (ISA) 

 
1. ISA S5.2 - Binary Logic Diagrams for Process Operations  

 
2. ISA S5.3 - Graphic Symbols for Distributed Control/Shared Display Instrumentation 

Logic and Computer Systems. 
 

3. ISA S5.4 - Instrument Loop Diagrams 
 

C. American National Standards Institute (ANSI) 
 

1. ANSI X3.5 - Flowchart Symbols and Their Usage in Information Processing 
 

D. National Electrical Manufacturers Association (NEMA) 
 

E. Where reference is made to one of the above standards, the revision in effect at the time 
of bid opening shall apply. 
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1.07 PCSI QUALIFICATIONS 
 

A. The PCSI shall perform all work necessary to select, furnish, configure, customize, 
debug, install, connect, calibrate, and place into operation all hardware and software 
specified within this specification and other related divisions of this specification. 

 
B. The PCSI shall be a “systems house” regularly engaged in the design and installation of 

computer systems and their associated subsystems as they apply to the municipal water or 
wastewater industry.  For the purposes of this specification section, a “systems house” 
shall be interpreted to mean an organization that complies with all of the following 
criteria: 

 
1. Employs a Texas Registered Professional Control Systems Engineer or Texas 

Registered Professional Electrical Engineer to supervise or perform the work required 
by this specification section. 

 
2. Employs personnel on this project who have successfully completed a manufacturer’s 

training course on the configuration and implementation of the specific 
programmable controllers, computers, and software proposed for this project. 

 
3. Has performed work of similar or greater complexity on at least three projects within 

the last five years and has implemented and completed at least one of the three 
projects with the proposed HMI software. 

 
4. Has been in the water/wastewater industry performing the type of work specified in 

this specification section for a minimum of five continuous years. 
 

C. The PCSI shall maintain a fully equipped office/production facility with full time 
employees capable of fabricating, configuring, installing, calibrating, troubleshooting, 
and testing the system specified herein. Qualified repair personnel shall be available and 
capable of reaching the facility within 24 hours. 

 
D. Actual installation of the system need not be performed by the PCSI’s employees; 

however, the PCSI shall provide the onsite technical supervision of the installation. 
 

E. The PCSI shall furnish equipment which is the product of one manufacturer to the 
maximum practical extent.  Where this is not practical, all equipment of a given type 
shall be the product of one manufacturer. 

 
F. The General Contractor must select a pre-approved PCSI from the list below.  Only pre-

approved PCSI companies are accepted.   
 

BL Technology, Inc. 
13171 Misty Willow Drive 
Houston, TX, 77070 
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Attn: Robert Lee 
Phone: 281-970-8191 
 
Boyer Inc. 
8904 Fairbanks N. Houston 
Houston, TX 77064 
Attn: Stacy Jordan 
Phone: 713-466-5395 
 
MCC Weimar 
Weimar Manufacturing 
505 South Eagle Street 
Weimar, TX 78962 
Attn: Frank Macaulay 
Phone: 979-725-8527 
 
Automation Nation, Inc. 
1700 Gazin St. 
Houston, Texas 77020 
Attn: Rich Kendall 
Office 713.675.4999 
Fax 832-204-8430 
 

 
G. Being listed in this specification section does not relieve any potential PCSI from 

meeting the qualifications specified in this section. 
 

H. Listed PCSI companies are not required to submit a qualification proposal.  Companies 
interested in being pre-approved as a PCSI, shall submit three (3) copies of a 
qualification proposal to the Engineer no later than two weeks before the bid opening 
date.  Additional pre-approved PCSI companies will be listed by Addendum no later than 
seven (7) days before the bid opening date. 

 
1. The qualification proposal shall provide details and a description of how the supplier 

proposes to fulfill the requirements set forth in this Specification.  The supplier shall 
present the proposal in sufficient detail so that proper evaluation regarding the 
experience and capabilities of the supplier can be performed. 

 
a. The proposal shall contain evidence that the supplier has sufficient financial 

resources to meet the obligations incidental to the performance of the work 
including available bonding.  (This requirement may be provided in the form of a 
verifiable or certified financial report for the company's latest fiscal year). 
 

b. The proposal shall contain a list of personnel available for assignment to the 
responsible positions of Project Manager, Project Engineer, Lead Programmer, 
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Installation Supervisor, and Area Service Representative.  Also, include a concise 
resume of each individual's education, work experience, and accomplishments. 
 

c. The proposal shall contain the following specific information: 
 
(1) Maintenance services available for hardware and software: Evaluation will be 

based on the supplier's capability to provide the required routine and 
emergency services.  The supplier's proposal is to describe the capabilities and 
location of his/her nearest (to job site) service organization.  It is the intent of 
the Specification to obtain all system maintenance services from the supplier.  
If the supplier intends to subcontract all or portions of the service 
requirements, it must be stated as such along with the name and address of the 
organization. 

 
(2) Technical validation examples of recently completed and similar scope 

projects: The supplier shall provide information regarding type, size, 
complexity, and performance of five (5) systems recently completed, along 
with names, addresses, and telephone numbers of persons qualified to verify 
supplier’s statements approximate cost of the instrumentation system 
supplied, project completion date and description.  Evaluation shall be based 
on the similarity of system requirements and supplier’s performance. 

 
(3) A description of how the supplier plans to execute the various functions and 

locations where the various portions of the work will be performed, 
coordinated and managed (e.g., design, engineering, manufacturing, 
programming, testing and scheduling).  The vendor is required to state in 
his/her proposal those functions, which he/she intends to subcontract to other 
organizations and include the name, address and capabilities of these 
organizations. 

 
d. The supplier shall be required to demonstrate a minimum of five (5) years recent, 

past experience in the design, manufacture and commissioning of instrumentation 
and control systems of comparable size, type and complexity to the proposed 
project.  The supplier shall be required to have his/her own in house capability to 
handle complete system engineering, fabrication, and testing. 
 

e. The supplier shall indicate that he/she has in his/her employ capable personnel for 
detailed engineering, coordination, drafting, procurement and expediting, 
scheduling, construction, testing, inspection, installation, training start up service 
for calibration and commissioning and warranty compliance for the period 
specified. 
 

1.08 DELIVERY, STORAGE AND HANDLING 
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A. Provide Delivery, Storage, and Handling requirements per Specification Section 01600 
and as specified below: 

 
B. Shipping Precautions 

 
1. After completion of shop assembly, factory test, and approval, all equipment, 

cabinets, panels, and consoles shall be packed in protective crates and enclosed in 
heavy duty polyethylene envelopes or secured sheeting to provide complete 
protection from damage, dust and moisture.  Dehumidifiers shall be placed inside the 
polyethylene coverings.  The equipment shall then be skid mounted for final 
transport.  Lifting rings shall be provided for moving without removing protective 
covering.  Boxed weights shall be shown on shipping tags together with instructions 
for unloading, transporting, storing, and handling at jobsite. 

 
2. Special instructions for proper field handling, storage, and installation required by the 

manufacturer for proper protection, shall be securely attached to the packaging for 
each piece of equipment prior to shipment.  The instructions shall be stored in 
resealable plastic bags or other acceptable means of protection. 

 
3. None of the control equipment shall be shipped to the site until the room(s) are 

environmentally suitable. 
 

C. Identification 
 

1. Each component shall be tagged to identify its location, tag number and function in 
the system.  Identification shall be prominently displayed on the outside of the 
package. 

 
2. Each piece of equipment supplied shall have a permanent stainless steel tag firmly 

attached and permanently and indelibly marked with the instrument tag number, as 
given in the Drawings. 

 
D. Storage 

 
1. Equipment shall not be stored out of doors.  Equipment, including in line equipment, 

shall be stored in dry permanent shelters and adequately protected against mechanical 
injury.  If any apparatus has been damaged, the General Contractor, at his own cost 
and expense, shall repair such damage.  If any equipment has been subject to possible 
damage by water, it shall be thoroughly dried and put through such tests as directed 
by the Engineer.  Any repair or replacement shall be at the cost and expense of the 
General Contractor. 

 
1.09 PROJECT/SITE REQUIREMENTS 
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A. Environmental Requirements.  All devices required are mounted in NEMA 3R 
enclosures.  All instrumentation enclosures and all instruments mounted outdoors shall be 
furnished with sun shields. 

 
B. Elevation.  Equipment shall be designed to operate at a ground elevation of 

approximately 1500 feet above mean sea level. 
 

C. Temperature.  Indoor areas' equipment shall be suitable for 10 to 35 C degrees ambient.  
Outdoor areas' equipment shall be suitable for  30 to 50 C degrees ambient.  Storage 
temperatures shall range from zero to 50 C degrees ambient.  Additional cooling or 
heating shall be furnished if required by the equipment. 

 
D. Relative Humidity.  Air-conditioned area equipment shall be suitable for 20 to 95 percent 

relative, non condensing humidity.  All other equipment shall be suitable for 0 to 100 
percent relative, condensing humidity. 

 
E. Power Supply.  120 volts AC sources of electric supply shall be unregulated industrial 

panel boards. 
 

1.10 MAINTENANCE 
 

A. Spare Parts 
 

1. Spare parts shall be as defined in the related specification sections.  All spare parts 
shall be new and unused. 

 
2. All spare parts shall be individually packaged and labeled. 

 
3. Provide one (1) gallon of touch up paint, in one quart containers, for each type and 

color used for all cabinets, panels, consoles, etc., supplied under the related 
specification sections. 

 
4. The spares listed above shall be packed in a manner suitable for long term storage and 

shall be adequately protected against corrosion, humidity, and temperature. 
 

1.11 WARRANTY 
 

A. Provide equipment warranties per Section 01740, Warranties and Bonds, and herein. 
 

1.12 O & M MANUALS 
 

A. Prior to final acceptance of the system and owner training, operating and maintenance 
manuals covering instruction and maintenance on each type of equipment shall be 
furnished in accordance with Section 01730, Operating and Maintenance Data. 
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B. The instructions shall be bound in three ring binders with Drawings reduced or folded for 
inclusion and shall provide the following as a minimum:  

 
1. A comprehensive index 

 
2. A complete "As Constructed" set of approved shop Drawings 

 
3. A complete list of the equipment supplied, including serial numbers, ranges, and 

pertinent data 
 

4. Full specifications for each item 
 

5. System schematic drawings “As Constructed,” illustrating all components, piping and 
electrical connections of the systems supplied under this Section 

 
6. Detailed service, maintenance, and operation instructions for each item supplied 

 
7. Special maintenance requirements particular to this system clearly defined, along 

with special calibration and test procedures 
 

8. Operating instructions which incorporate a functional description of the entire system, 
with references to the systems schematic Drawings and instructions 

 
9. Complete parts lists with stock numbers and name, address, and telephone number of 

the local supplier 
 

C. The final documentation shall be new documentation written specifically for this project, 
but may include standard and modified standard documentation.  Modifications to 
existing hardware or software manuals shall be made on the respective pages or inserted 
adjacently to the modified pages.  All standard documentation furnished shall have all 
portions that apply clearly indicated.  All portions that do not apply shall be lined out. 

 
D. The manuals shall contain all illustrations, detailed drawings, wiring diagrams, and 

instructions necessary for installing, operating, and maintaining the equipment.  The 
illustrated parts shall be numbered for identification.  All information contained therein 
shall apply specifically to the equipment furnished and shall only include instructions that 
are applicable.  All such illustrations shall be incorporated within the printing of the page 
to form a durable and permanent reference book. 

 
E. If the PCSI transmits any documentation or other technical information, which he 

considers proprietary, such information shall be designated.  Documentation or technical 
information which is designated as being proprietary will be used only for the design, 
construction, operation, or maintenance of the system and, to the extent permitted by law, 
will not be published or otherwise disclosed. 
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F. The final documentation requirements are as follows: 
 

1. As-built documentation shall include all previous submittals, as described in this 
Specification, updated to reflect the as built system.  Any errors in or modifications to 
the System resulting from the Factory and/or Field Acceptance Tests shall be 
incorporated in this documentation. 

 
2. The Hardware Maintenance documentation shall describe the detailed preventive and 

corrective procedures required to keep the System in good operating condition.  
Within the complete Hardware Maintenance documentation, all hardware 
maintenance manuals shall make reference to appropriate diagnostics, where 
applicable, and all necessary timing diagrams shall be included.  A maintenance 
manual or a set of manuals shall be furnished for all delivered hardware, including 
peripherals.  The Hardware Maintenance documentation shall include, as a minimum, 
the following information: 

 
a. Operation Information - This information shall include a detailed description of 

how the equipment operates and a block diagram illustrating each major assembly 
in the equipment. 
 

b. Preventive Maintenance Instructions - These instructions shall include all 
applicable visual examinations, hardware testing, diagnostic routines, and the 
adjustments necessary for periodic preventive maintenance of the System. 
 

c. Corrective Maintenance Instructions - These instructions shall include guides for 
locating malfunctions down to the card replacement level.  These guides shall 
include adequate details for quickly and efficiently locating the cause of an 
equipment malfunction and shall state the probable source(s) of trouble, the 
symptoms, probable cause, and instructions for remedying the malfunction. 
 

d. Parts Information - This information shall include the identification of each 
replaceable or field repairable module.  All parts shall be identified on a list in a 
drawing; the identification shall be of a level of detail sufficient for procuring any 
repairable or replaceable part.  Cross references between the Instrumentation 
System Supplier's part number and manufacturer's part numbers shall be provided. 
 

e. System Backup/Restore - This information shall include a detailed description of 
the procedure for backing up the computer system (including PC and PLC); 
reloading using a backup; and completely restoring a PC and/or PLC from a 
backup. 
 

1.13 PROGRAMMING 
 

A. Schedule a meeting with CITY’s SCADA group and the SE to discuss the PLC 
programming philosophy for the project. 
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B. The SE shall program PLCs to reflect the philosophy provided by CITY’s SCADA 

group. 
 

C. Schedule a meeting with CITY’s SCADA group and the SE to review programming. 
 

D. After new PLCs are operational, schedule a meeting with CITY’s SCADA group and the 
SE to review operation of PLCs. 

 
 
PART 2: PRODUCTS 
 
2.01 GENERAL 
 

A. Process Control System: 
 

1. All instrumentation supplied shall be of the manufacturer’s latest design and shall 
produce or be activated by signals that are established standards for the water and 
wastewater industries. 

 
2. All electronic instrumentation shall be of the solid state type and shall utilize linear 

transmission signals of 4 to 20 mA DC (milliampere direct current), however, signals 
between instruments within the same panel or cabinet may be 1-5V DC (volts direct 
current), or the like. 

 
3. Output of equipment not of the standard signals as outlined, shall have the output 

immediately raised and/or converted to compatible standard signals for remote 
transmission.  No zero-based signals will be allowed. 

 
4. All instruments shall be provided with mounting hardware, floor stands, wall 

brackets, or instrument racks as shown on the Drawings or as required. 
 

5. Equipment installed in a hazardous area shall meet Class, Group, and Division as 
shown on the Electrical Drawings, to comply with the National Electrical Code. 

 
6. All indicators and recorder readouts shall be linear in process units, unless otherwise 

noted. 
 

7. All transmitters shall be provided with either integral indicators or conduit mounted 
indicators in process units, accurate to two percent (2%). 

 
8. Electronic equipment shall be of the manufacturer's latest design, utilizing printed 

circuitry and suitably coated to prevent contamination by dust, moisture and fungus.  
Solid state components shall be conservatively rated for their purpose to assure 
optimum long-term performance and dependability over ambient atmosphere 
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fluctuations and 0 to 95% percent relative humidity.  The field mounted equipment 
and system components shall be designed for installation in dusty, humid, and slightly 
corrosive service conditions. 

 
9. All equipment, cabinets, and devices furnished hereunder shall be heavy duty type, 

designed for continuous industrial service.  The system shall contain products of a 
single manufacturer, insofar as possible, and shall consist of equipment models that 
are currently in production.  All equipment provided shall be of modular construction 
and shall be capable of field expansion. 

 
10. The field mounted digital system equipment and system components shall be 

designed for installation in dusty, humid, and corrosive service conditions. 
 

11. All electronic/digital equipment shall be provided with radio frequency interference 
protection and shall be FCC approved. 

 
B. Electrical 

 
1. All equipment shall be designed to operate on a 60 Hertz alternating current power 

source at a nominal 120 volts, plus or minus 10 percent, except where specifically 
noted.  All regulators and power supplies required for compliance with the above 
shall be provided between power supply and interconnected instrument loop.  Where 
equipment requires voltage regulation, constant voltage transformers shall be 
supplied. 

 
2. Well Pump PLC equipment shall be powered by two separate 24VDC power 

supplies.  One pair of redundant 24VDC power supplies shall be furnished for the 
networking equipment and a separate pair of redundant 24VDC power supplies shall 
be furnished for loop powered instrumentation devices and PLC equipment. 

 
3. Materials and equipment used shall be UL approved wherever such approved 

equipment and materials are available. 
 

4. All equipment shall be designed and constructed so that in the event of a power 
interruption, the equipment specified hereunder shall resume normal operation 
without manual resetting when power is restored. 

 
2.02 LIGHTNING/SURGE PROTECTION 

 
A. Lightning/Surge protection shall be provided to protect the electronic instrumentation 

system from induced surges propagating along the signal and power supply lines. The 
protection systems shall be such that the protective level shall not interfere with normal 
operation, but shall be lower than the instrument surge withstand level, and be 
maintenance free and self-restoring. Instruments shall be housed in a suitable metallic 
case, properly grounded. Ground wires for all surge protectors shall be connected to a 
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good earth ground, and where practical, each ground wire run individually and insulated 
from each other. These protectors shall be mounted within the instrument enclosure or a 
separate NEMA 4 junction box coupled to the enclosure. 

 
B. Either a two or three-stage protection circuit, depending on the application, shall furnish 

I/O protection. 
 

C. All wiring, hardware, and connection means shall comply with the National Electric 
Code and/or applicable local codes. 

 
D. All suppressors shall have integral mounting brackets to attach 35mm DIN rail 

conforming to DIN EN50022, with the exception of conduit mounted devices. 
 

E. The suppressor shall be mounted as close to the equipment it is protecting as possible. 
 

F. Mounting guidelines will be followed as indicated in installation instruction provided by 
the manufacturer. 

 
G. Wires shall be attached to the suppressor by means of a cable-clamping terminal block 

activated by a screw.  Connections shall be gas-tight, and the terminal block shall be 
fabricated of non-ferrous, non-corrosive materials. 

 
H. All wiring points and plug connections shall be “touch safe” with no live voltages that 

can make contact with a misplaced finger in accordance with IEC 529. 
 

I. Analog and discrete and data protection DIN rail mounted, pluggable devices shall meet 
the following. 

 
1. Surge suppression modules for 24V and 110V circuits shall be UL listed or 

recognized. 
 

2. Surge protection shall consist of a multistage hybrid circuit with staging inductors or 
resistors to properly coordinate the components. 

 
3. DIN rail mounted surge protection modules shall consist of two parts; a base terminal 

block and a plug protection module.  Replacing a plug shall not require the removal 
of any wires nor shall it interrupt the signal.  Base and plug shall have the ability to be 
coded to accept only the correct voltage plug. 

 
4. Surge protection for analog or discrete I/O shall be designed to withstand a maximum 

10 kA test current of a 8/20 microsecond waveform according to IEC 1024 
Application Guide A and ANSI/IEEE C62.41 Category C Area. 
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5. Surge protection for hazardous area locations will conform to EN 50 020/DIN EN 50 
020/VDE 0170/0171 part 7: 1996-04.  Surge protection for hazardous areas shall have 
at least 500V isolation between intrinsic safety ground and earth ground. 

 
6. Both plugs and bases shall have a rating of IP20 according to IEC 529. Bases shall 

have an integral label holder to mark each terminal block. 
 

7. Operating temperature range shall be at least -40°C to +80°C. 
 

8. Bases shall include metal mounting foot, which provides ground connection to DIN-
rail. 

 
9. Manufacturers: 

 
a. Analog: Phoenix Contact model series PT 2 x 2. One plug and base required for 

two analog loops.  Discrete 5-24V: Phoenix Contact model series PT 4 x 1. One 
plug and base required for every four discrete signals.  Discrete 60-230V: Phoenix 
Contact model series PT 2 x 1 VA. One plug and base required for every two 
discrete signals. 
 

b. Dehn, with models to match the Phoenix Contact device ratings. 
 

c. Approved Equal. 
 

J. Analog and discrete DIN rail mounted, non-pluggable, high density devices shall meet 
the following 

 
1. Surge protection shall consist of a multistage hybrid circuit with staging inductors or 

resistors to properly coordinate the components. Series resistance shall not exceed 4.7 
ohms (+/- 10%). 

 
2. DIN rail mounted surge protection housing width shall not exceed 6.2mm. 

 
3. Surge protection for analog and digital I/O shall be designed to withstand a 5 kA test 

current of a (8/20)s waveform according to IEC 1024 Application Guide A and 
ANSI/IEEE C62.41 (Line to Ground). Surge handling capability of Line 1 + Line 2 
shall be 10 kA of (8/20)s waveform. 

 
4. Operating temperature range shall be at least -40C to +85C. 

 
5. Maximum load current through the surge protection module shall not exceed 250 

milliamps for analog and digital signal protection. 
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6. Cutoff frequency for analog modules shall be 3 MHz for a 50-ohm system and 1 MHz 
for a 150-ohm system. Cutoff frequency for digital modules shall be 2 MHz for a 50-
ohm system and 600 KHz for a 150-ohm system. 

 
7. Wire size range shall between 24 and 14 AWG. 

 
8. Ex-I modules shall contain only diode and gas tube (no MOV) and shall be isolated 

from ground by 500VDC as required by EN 50 020. 
 

9. Manufacturers 
 

a. Phoenix Contact model series TT-2-PE-24DC, TT-2/2-24DC, or TT-EX(I)-24DC.  
Phoenix Contact model series PT 2 x Ex(I)-24DC. One plug and base required for 
two analog loops or four discrete signals. 
 

b. Dehn, with models to match the Phoenix Contact device ratings. 
 

c. Approved Equal. 
 

K. Analog Signals (Conduit Mounted) 
 

1. Surge protection shall consist of a multistage hybrid circuit utilizing only diodes and 
gas discharge tubes but no metal oxide varistors (MOVs). 

 
2. Surge protection for analog and digital I/O shall be designed to withstand a 10 kA test 

current of a (8/20) µs waveform according to IEC 1024 Application Guide A and 
ANSI/IEEE C62.41 Category C Area. 

 
3. Surge protection shall not have more than 10 ohms of series resistance. 

 
4. Surge protection shall have a response time less than 1µs. 

 
5. Maximum operating voltage shall not exceed 28 VDC. 

 
6. Surge protection shall not have a cutoff frequency less than 400kHz (for a 600 ohm 

system) to allow HART protocol and other superimposed smart digital signals to 
function. 

 
7. Surge protection module shall have an operating temperature range of at least -40°C 

to +65°C. 
 

8. Maximum load current through the surge protection module shall not exceed 250 mA. 
 

9. Manufacturers: 
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a. Phoenix Contact model series PIPETRAB. Protection circuit is mounted in 3/4" 
stainless steel pipe nipple. 
 

b. Dehn, with models to match the Phoenix Contact device ratings. 
 

c. Approved Equal. 
 
 
PART 3: EXECUTION 
 
3.01 GENERAL INSTALLATION 

 
A. The process control system, instrumentation, and accessory equipment shall be installed 

in accordance with the manufacturer's instructions.  The locations of equipment, 
transmitters, alarms, and similar devices shown on the drawings are approximate only.  
Exact locations shall be as approved by the Engineer during construction.  All 
information relevant to the placing of process control work shall be obtained in the field.  
In case of any interference with other work, proceed as directed by the Engineer and 
furnish all labor and materials necessary to complete the work in an approved manner. 

 
B. Two complete sets of approved shop drawings shall be kept at the job site during all on 

site construction.  Both sets shall be marked up identically to reflect any modifications 
made during field installation or start up.  All markings shall be verified and initialed by 
the Engineer or his designated representative. 

 
C. Following completion of installation and the Operational Readiness Test, one set of the 

marked up drawings shall be provided to the Engineer; the other set shall be retained by 
the Supplier for incorporation of the mark ups into final as built documentation. 

 
D. The instrumentation installation details on the Contract Drawings indicate the designed 

installation for the instruments specified.  Where specific installation details are not 
specified or shown on the Drawings, the American Petroleum Institute (API) 
Recommended Practice 550 shall be followed as applicable. 

 
E. All work shall be executed in full accordance with codes and local rulings.  Should any 

work be performed contrary to said rulings, ordinances and regulations, the General 
Contractor shall bear full responsibility for such violations and assume all costs arising 
therefrom. 

 
F. All equipment used in areas designated as hazardous shall be designed for the Class, 

Group, and Division as required on the Electrical Drawings for the locations.  All work 
shall be in strict accordance with codes and local rulings.  Should any work be performed 
contrary to said rulings, ordinances and regulations, the Supplier shall bear full 
responsibility for such violations and assume all costs arising therefrom. 
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G. Unless specifically shown in the Contract Drawings, direct reading or electrical 
transmitting instrumentation shall not be mounted on process piping.  Instrumentation 
shall be mounted on instrument racks or stands as detailed on the installation detail 
drawings or an Engineer approved equal mounting rack or stand.  All instrumentation 
connections shall be provided with shutoff and drain valves.  For differential pressure 
transmitters, valve manifolds for calibration, testing, and blow down service shall also be 
provided.  For slurries, chemical or corrosive fluids, inline diaphragm seals shall be 
provided. 

 
H. All piping to and from field instrumentation shall be provided with necessary unions, test 

tees, couplings, adapters, and shut off valves. 
 

I. Field instruments that require power supplies shall be provided with local electrical 
shutoffs and fuses as required. 

 
J. Brackets and hangers required for equipment mounting shall be provided and shall be 

installed in a workmanlike manner and not interfere with any other equipment. 
 

K. The PCSI shall investigate each space in the building through which equipment must pass 
to reach its final location.  If necessary, the PCSI shall be required to ship material in 
sections sized to permit passing through restricted areas in the building.  The PCSI shall 
also investigate and make any field modifications to the allocated space for each cabinet, 
enclosure, and panel to assure proper space and access (front, rear, and side). 

 
L. The shield on each process instrumentation cable shall be continuous from source to 

destination and be grounded at the source end as directed by the manufacturer of the 
instrumentation equipment.  In no case shall there be more than one ground point for each 
shield. 

 
M. Lifting rings shall be removed from cabinets/assemblies.  Hole plugs the same color as 

the cabinet shall be provided for the holes. 
 

N. The PCSI, acting through the General Contractor, shall coordinate the installation, the 
placing and location of system components, and their connections to the process 
equipment panels, cabinets and devices, subject to the Engineer's approval.  The PCSI 
shall be responsible for ensuring that all field wiring for power and signal circuits is done 
correctly in accordance with best industry practice and provide for all necessary system 
grounding to ensure a satisfactory functioning installation.  The General Contractor 
hereunder shall schedule and coordinate his work under this Section with that of the 
electrical work specified under applicable Sections of Division 16. 

 
O. The PCSI shall provide service by the PLC service representative to verify that the entire 

PLC system is installed per the manufacturer's requirements.  The PCSI shall supply 
certified copies of all the tests/field reports supplied by the PLC service representative to 
the Owner for their records. 
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P. The PCSI shall provide service by a factory-trained representative to verify that the entire 

local area network (LAN) is installed per the manufacturer’s requirements.  The PCSI 
shall include in his bid the cost of the factory trained representative to inspect all LAN 
terminations and the cost of testing the LAN to verify that it is installed and operating 
correctly (e.g., data being transferred from node to node, no excessive timeouts, minimal 
collisions, etc.)  The PCSI shall provide certified copies of all tests and legible copies of 
all field reports generated by the factory-trained representative to the Owner for their 
records. 

 
3.02 TESTS (GENERAL) 

 
A. The PCSI shall test all equipment at the factory prior to shipment. Unless otherwise 

specified in the individual specification sections, all equipment provided by the PCSI 
shall be tested at the factory as a single fully integrated system. 

 
B. As a minimum, the testing shall include the following: 

 
1. Unwitnessed Factory Test (UFT) 

 
2. Functional Demonstration Test (FDT) 

 
C. Each test shall be in the cause and effect format.  The person conducting the test shall 

initiate an input (cause) and, upon the system's or subsystem's producing the correct 
result (effect), the specific test requirement shall be satisfied. 

 
D. All tests shall be conducted in accordance with prior Engineer approved procedures, 

forms, and checklists.  Each specific test shall be described and followed by a section for 
sign off by the appropriate party after its satisfactory completion. 

 
E. Copies of these sign off test procedures, forms, and checklists will constitute the required 

test documentation. 
 

F. Provide all special testing materials and equipment.  Whenever possible, perform tests 
using actual process variables, equipment, and data.  When it is not practical to test with 
real process variables, equipment, and data, provide suitable means of simulation.  Define 
these simulation techniques in the test procedures. 

 
G. The General Contractor shall require the PCSI to coordinate all testing with the Engineer, 

all affected Subcontractors, and the Owner. 
 

H. The Engineer reserves the right to test or retest all specified functions whether or not 
explicitly stated in the prior approved Test Procedures. 
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I. The Engineer's decision shall be final regarding the acceptability and completeness of all 
testing. 

 
J. No equipment shall be shipped until the Engineer has received all test results and 

approved the system. 
 

K. The PCSI shall furnish servicemen and all special calibration and test equipment to 
perform the field tests. 

 
L. Correction of Deficiencies 

 
1. All deficiencies in workmanship and/or items not meeting specified testing 

requirements shall be corrected to meet specification requirements at no additional 
cost to the Owner. 

 
2. Testing, as specified herein, shall be repeated after correction of deficiencies is made 

until the specified requirements are met.  This work shall be performed at no 
additional cost to the Owner. 

 
3.03 UNWITNESSED FACTORY TESTS (UFT) 

 
A. The entire system, except primary elements, final control elements, and field mounted 

transmitters, shall be interconnected and tested to ensure the system operates as specified.  
All analog and discrete input/output points not interconnected at this time shall be 
simulated to ensure proper operation of all alarms, monitoring devices/functions, and 
control devices/functions.  All process control strategies shall be simulated to ensure 
proper operation according to approved shop drawing. 

 
B. All panels and assemblies shall be inspected and tested to verify that they are in 

conformance with related submittals, specifications, and Contract Drawings. 
 

C. During the tests all digital system hardware and software shall have operated 
continuously for  five days without a failure to verify the system is capable of continuous 
operation.  The unwitnessed factorytest results shall be submitted to the Engineer for 
approval prior to the start of the Functional Demonstration Test (FDT). 

 
3.04 FUNCTIONAL DEMONSTRATION TEST (FDT) 

 
A. Prior to startup, the entire installed instrument and control system shall be certified that it 

is ready for operation.  All preliminary testing, inspection, and calibration shall be 
complete.  The FDT will be a test by the PCSI. 

 
B. Once the facility has been started up and is operating, a witnessed FDT shall be 

performed on the complete system to demonstrate that it is operating and in compliance 



 PROCESS INSTRUMENTATION 
New / Replacement of Water Well – D203 Water Well No. 3 AND CONTROLS 
WBS No. S-000100-0019-3 - GENERAL PROVISIONS 
 
 

 13300-33 
 

with these Specifications.  Each specified function shall be demonstrated on a paragraph-
by-paragraph, loop-by-loop, and site-by-site basis. 

 
C. Loop-specific and non-loop-specific tests shall be the same as specified under WFT 

except that the entire installed system shall be tested and all functionality demonstrated. 
 

D. Updated versions of the documentation specified to be provided during the factory tests 
shall be made available to the Engineer at the job-site both before and during the tests.  In 
addition, one copy of all O&M Manuals shall be made available to the Engineer at the 
job-site both before and during testing. 

 
E. The daily schedule specified to be followed during the factory tests shall also be followed 

during the FDT. 
 

F. The system shall operate for 100 continuous hours without failure before this test shall be 
considered successful. 

 
G. Demonstrate communication failure and recovery 

 
H. Demonstrate total power failure and recovery.  NOTE: The UPS shall be removed for this 

test. 
 

I. Demonstrate a catastrophic failure and recovery of a workstation and a RTU (PLC). 
 

J. Demonstrate procedure for backing up the workstation, and RTU (PLC); reload using a 
backup; and completely restore a workstation and RTU (PLC) from a backup. 

 
K. The PCSI shall invite City SCADA, Electrical and Operations personnel to attend, 

witness and participate in the FDT. 
 
L. The PCSI shall provide a documented test plan for the FDT.  The test plan shall be 

submitted 60 days prior to testing.  City SCADA, Electrical and Operations personnel 
shall provide comments on the test plan to the City’s Project Manager.  The PCSI shall 
incorporate City comments into the test plan and resubmit the test plan. 

 
M. If City personnel determine the FDT is not successful, the PCSI shall repeat the FDT 

until the FDT is approved by the City. 
 

3.05 TRAINING 
 

A. General 
 

1. The cost of training programs for the Owner’s personnel shall be included in the 
Contract price.  Where practical, the training and instruction shall be directly related 
to the system being supplied.  The training shall be provided based on time and not 
courses to allow the Owner the flexibility to utilize the training time at his discretion. 
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2. Training shall be conducted at the Owner’s facilities.   

 
3. All Technicians, Operators, Engineers, and Managers of the Facility shall require 

training on the Process Control System (PCS).  The training courses shall address 
operation, maintenance, and troubleshooting of the system provided.  The courses 
shall be designed specifically for the type of personnel attending, such as Operators, 
Engineers, etc. 

 
4. All training schedules shall be coordinated with, and at the convenience of, the 

Owner.  Shift training may be required to correspond to the Owner's working 
schedule. 

 
5. Provide detailed training manuals to supplement the training courses.  The manuals 

shall include specific details of equipment supplied and operations specific to the 
project. 

 
6. The trainer shall make use of teaching aids, manuals, slide/video presentations, etc.  

After the training services, all training materials shall be delivered to Owner. 
 
 

END OF SECTION
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SECTION 13311 
INSTRUMENTATION AND CONTROLS - PLC HARDWARE AND SOFTWARE 

PART 1  GENERAL 

1.01 SCOPE OF WORK 

A. This Section includes Programmable Logic Controllers (PLCs) for control of process 
equipment, process oriented machinery, and process systems. 

1.02 MEASUREMENT AND PAYMENT 

A. No separate payment will be made for work performed under this Section.  Include the cost for 
this work in the lump sum Base Bid Item. 

1.03 RELATED WORK 

A. Refer to Section 13300. 

B. Drawings and general provisions of the Contract, including General and Supplementary 
Conditions and Division 1 Specification Sections, apply to this Section. 

1.04 SUBMITTALS 

A. Refer to Section 13300. 

B. Descriptive literature, bulletins, catalog cuts and Drawings for the equipment specified herein.  

C. Submit list of 3 firms that are located within 100 miles of the project site that are actively 
installing, programming, supporting, and maintaining the submitted PLC.  

D. Complete bill of materials for the equipment. 

E. Any deviation of the hardware or software systems from the preliminary submittal included in 
the Project Plan shall be described in detail.  

F. Spare parts list. 

1.05 REFERENCE STANDARDS 

A. American Society for Testing and Materials (ASTM) D999-91: Vibration  

B. Code of Federal Regulations (CFR) Title 47, Part 18 (European Committee for Standardization 
(EN) 55011 (formerly International Special Committee on Radio Interference (CISPR) 11)) 

C. Canadian Standards Association (CSA) Certification Class I, Division 2, Group A, B, C, D 
Hazardous or non-hazardous locations  

D. International Electro-technical Commission (IEC) 60068-2.1 Environmental testing – Part 2-1: 
Tests - Test A: Cold, 2.2 Environmental testing - Part 2: Tests. Tests B: Dry heat, 2.3, 2.6 
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Environmental testing - Part 2: Tests - Test Fc: Vibration (sinusoidal) and 2.27 Environmental 
testing. Part 2: Tests. Test Ea and guidance: Shock 

E. IEC 61000 Electromagnetic Compatibility (EMC) - Testing and measurement techniques 

1. Part 4-2: Electrostatic discharge immunity test 

2. Part 4-3: Radiated, radio-frequency, electromagnetic field immunity test 

3. Part 4-4: Electrical fast transient/burst immunity test 

4. Part 4-5: Surge immunity test 

5. Part 4-6: Immunity to conducted disturbances, induced by radio-frequency fields 

F. IEC 61131-3: Programmable controllers - Part 3: Programming languages 

G. IEC 801-3: RFI Immunity 

H. IEC 801-5: Ground Continuity 

I. IEC 801-2: Electrostatic Discharge 

J. Institute of Electrical and Electronics Engineers (IEEE) 472-1974/American National Standards 
Institute (ANSI) C37.90/90A-1974 (Surge Withstand) IEEE Standard for Relays and Relay 
Systems Associated with Electric Power Apparatus 

K. Military Standard (MIL STD) 461B CS02: Radio Frequency Interference/Electromagnetic 
Interference (RFI/EMI) Susceptibility 

L. National Electrical Manufacturers Association (NEMA) Pub No ICS2-230.42: Showering Arc 
Test 

M. National Safe Transit Association (NSTA) Project 1A  

N. Underwriters Laboratory (UL) 508 and CSA Standard C22.2 No. 142 (Isolation Voltages)  

1.06 QUALITY ASSURANCE 

A. To maintain consistency thought the plant, the PLCs provided as part of this project shall be 
Siemens. 

1.07 DELIVERY, STORAGE, AND HANDLING 

A. Deliver PLC components in packaging designed to prevent damage from static electricity and 
physical damage. 

B. Store PLC equipment according to manufacturer requirements. At a minimum, store indoors in 
clean, dry space with uniform temperature to prevent condensation. Protect PLCs from exposure 
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to dirt, fumes, water, corrosive substances, and physical damage. Also, protect the PLC from all 
forms of electrical and magnetic energy that could reasonably cause damage. 

1.08 SPARE I/O 

A. Each Input/Output (I/O) drop and I/O location shall include at least 20 percent (minimum of 
four) points of each type Analog Input, Analog Output, Discrete Input, and Discrete Output (AI, 
AO, DI, and DO) for future use, regardless of whether any of those point types are used in that 
drop or location or not. The spares shall be the same type of I/O modules supplied.  

B. Spare output points that require the use of an external relay shall be supplied with the external 
relay.  

C. Regardless of the spare requirement, all installed unused points on all I/O modules shall be 
wired to terminal blocks in the order that they occur on the I/O modules. Unwired spares shall 
not be accepted. 

1.09 MANUFACTURER SUPPORT 

A. Provide a written proposal for a manufacturer support agreement for products specified herein 
for a minimum of 12 months starting at final completion of the project. The cost of this 
manufacturer support agreement shall not be included in the Contract Price. The support 
agreement shall be executed in the name of, and for the benefit of, the Owner. At a minimum, 
this agreement shall provide the Owner with:  

1. 8 AM to 5 PM, 5 day per week manufacturer telephone support 

2. Access to the manufacturer's technical support website 

3. Software and firmware updates.  

PART 2  PRODUCTS 

2.01 PROGRAMMABLE LOGIC CONTROLLER (PLC) 

A. Provide PLC equipment with the required memory and functional capacity to perform the 
specified sequence of operation with the scheduled input and output points.  

B. Processor Systems shall include processor, power supply, input/output modules, communication 
modules, redundancy modules, and remote interface modules as required to meet system 
requirements.  

C. Furnish products listed and classified by Underwriters Laboratories (UL), CSA, or Factory 
Mutual (FM) approval as suitable for purpose specified and indicated. 

D. All equipment and devices furnished hereunder shall be designed for continuous industrial 
service. The system shall contain products of a single manufacturer, insofar as possible, and 
shall consist of equipment models that are currently in production. 
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E. All equipment furnished shall be designed and constructed so that in the event of power 
interruption the systems shall go through an orderly shutdown with no loss of memory, and 
resume normal operation without manually resetting when power is restored. 

F. The PLCs shall communicate between the operator workstation and field-mounted transducers, 
switches, controllers, and process actuators. Communications protocol shall be completely 
transparent to process operators at the Human Machine Interface (HMI).  

G. The PLC shall be capable of stand-alone operation in the event of failure of the communication 
link to the HMI subsystem. 

H. Backup Processor Systems, if indicated on the drawings, shall consist of two chassis with power 
supplies, each containing a processor, redundancy module and communications module(s). 
Remote chassis shall be provided with communication modules to meet I/O and communication 
requirements. 

I. Remote Input/Output Units shall include input/output modules, interface modules, 
communication modules, and power supply to meet system input and output requirements. 

J. Agency and environmental specifications: 

1. Electrical supply voltage to the PLC shall be 120 volts alternating current (VAC), plus or 
minus "15 percent, 48-63 Hertz (Hz). PLC system power supplies shall be fused for 
overload protection. 

2. Vibration:  3.5 millimeters (mm) Peak-to-Peak, 5-9 Hz: 1.0 G, 9-150\Hz. The method of 
testing is to be based upon IEC 68-2-6 and Japanese Industrial Standards (JIS) C 0911 
standards for vibration. The system is to be operational during and after testing. Vibration 
Rating of 2.0 G maximum peak acceleration for 10 to 500 Hz. in accordance with at least 
one of the following: 
a. Installed rating: DIN rail mounted PLC: 10-57 Hz, amplitude 0.075 mm, acceleration 

25-100 Hz, and  
b. Panel or plate mounted PLC: 2-25 Hz, amplitude 1.6mm, acceleration 25-200 Hz. 
c. In compliance with IEC 60068 and IEC 61131. 

3. Shock:  15G, 11 msec. The method of testing is to be based upon IEC 68-2-27 and JIS C 
0912 standards for shock. The system is to be operational during and after testing. 

4. Temperature:  All PLC hardware shall operate at an ambient temperature of 0 to +60 
degrees Celsius (°C) (+32 to +140 degrees Fahrenheit (°F)), with a storage ambient 
temperature rating of -25 to +70 °C (-40 to +185 °F).  

5. Relative Humidity:  The Programmable Controller hardware shall function continuously in 
the relative humidity range of 5 percent to 95 percent non-condensing.  

6. Noise Immunity:  The Programmable Controller system shall be designed and tested to 
operate in the high electrical noise environment of an industrial plant as governed by the 
following regulations: IEEE 472, IEC 801, Military Standard (MILSTD) 461B, IEC 255-4, 
NEMA Industrial Control and Systems (ICS) 2-230.40, and ANSI/IEEE C-37.90A-1978. 
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7. Altitude:  
a. Operation: 0-6,500 feet  
b. Storage: 0-9,800 feet 

8. Degree of protection:  NEMA 1 (IP20)  

9. All products shall have corrosion protection.  

K. All major assemblies and sub-assemblies, circuit boards, and devices shall be identified using 
permanent labels or markings indicating:  

1. Modules product type such as analog or digital  

2. Modules catalog number  

3. Modules major revision number  

4. Modules minor revision number  

5. Module manufacturer vendor  

6. Module serial number  

L. All necessary cables shall be included. All cables and connectors shall be as specified by the 
manufacturer. Cables shall be assembled and installed per the manufacturer recommendations. 

M. Provide all PLCs from a single manufacturer. If the PLC manufacturer has authorized third 
party vendors to provide modules that are compatible with their platforms, then products 
manufactured by these authorized third party vendors will be acceptable. 

N. Central Processing Unit (CPU) 

1. The CPU shall be, at a minimum, a 16-bit microprocessor that provides system timing and 
is responsible for scheduling I/O updates, with no user programming required to ensure 
discrete or analog update. It shall execute user relay ladder logic programs, communicate 
with intelligent I/O modules, and perform on-line diagnostics. The CPU shall consist of a 
single module which solves application logic, stores the application program, stores 
numerical values related to the application processes and logic, and interfaces to the I/O. 

2. The CPU shall sample all the discrete and analog inputs and outputs including internal 
coils and registers, and service special function modules every scan. The CPU shall process 
the I/O with user program(s) stored in memory, then control the outputs based on the 
results of the logic operation.  

3. Supply the CPU with a battery-backed time of day clock and calendar. 

4. The CPU family shall allow for user program transportability from one CPU model to 
another. 

O. Diagnostics 



 INSTRUMENTATION AND CONTROLS 
New / Replacement of Water Well – D203 Water Well No. 3 - PLC HARDWARE 
WBS No. S-000100-0019-3 AND SOFTWARE 
 

 13311-6 
 

1. The CPU shall perform on-line diagnostics that monitor the internal operation of the PLC. 
If a failure is detected, the CPU shall initiate system shutdown and fail-over. The 
following, at a minimum, shall be monitored:  Memory failure, memory battery low, and 
general fault, communications port failure, scan time over run, I/O failure, and analog or 
special function I/O module failure. 

2. All diagnostic information shall be accessible to the host communications interfaces and to 
the PLC program. 

3. The PLC shall have indicators and on board status area to indicate the following 
conditions: 
a. CPU run 
b. CPU error or fault 
c. I/O failure or configuration fault. 
d. Status of Battery or back-up power module  
e. Communications indicator 

P. Memory 

1. The user program and data shall be contained in non-volatile battery backed memory of 
type Complimentary Metal-Oxide Semiconductor (CMOS) Random Access Memory 
(RAM) program memory or equivalent.  

2. Memory Backup System: provide lithium battery backup or equivalent capable of retaining 
all memory for a minimum of three months and a Flash memory system capable of 
reloading program in the event of memory loss.  
a. Backup Storage: The backup battery or module shall be capable of being replaced 

without disrupting memory integrity. Provide a visual indication of low battery 
voltage or module error and an alarm bit in the PLC program. 

b. Flash or Secure Digital (SD) Memory Card:  Memory card storage capacity shall be 
equal to or greater than processor memory capacity. Memory cards shall be installed 
in processors for factory testing.  

3. The operating system shall be contained in non-volatile firmware. The memory containing 
the operating system shall be field updateable via a separate update tool. 

Q. Programming Environment 

1. Programming port:  The PLC shall utilize a Universal Serial Bus (USB) or Ethernet port 
for programming.  

2. On-Line programming: Application programs may be modified or stored while the CPU is 
running, with minimal impact on the scan time. 

3. Online programming including runtime editing 

4. IEC 61131-3 programming languages supported:  Ladder logic, function block, sequential 
function chart, and structure text.  

5. Supply all hardware and software necessary to program the CPU in these languages. 
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R. Power Supplies 

1. The PLC shall have chassis mounted power supplies to power the chassis backplane, and 
provide power for the processor and applicable modules.  

2. Power supplies shall have a clearly visible Light Emitting Diode (LED) to indicate that the 
incoming power is acceptable and the output voltage is present.  

3. Power supplies shall feature over-current and over-voltage protection and should be 
designed to operate in most industrial environments without the need for isolation 
transformers.  

4. Power supplies shall be sized to accommodate the anticipated load plus 30%.  

5. Direct Current (DC) power supplies shall be capable of handling ripple up to 2.4 volts peak 
to peak.  

6. Alternating Current (AC) Line Voltage rating of 85 to 265 volts alternating current (VAC), 
47-63 Hz 

7. The power supplies shall allow for brown outs of at least 1/2 of a cycle, a harmonic rate of 
10%, and will sustain continuous operation through momentary interruptions of AC line 
voltage of 10 milliseconds (ms) or less.  

8. Automatically shut down the Programmable Controller system whenever its output power 
is detected as exceeding 125% of its rated power 

9. Provide surge protection, isolation, and outage carry-over up to 2 cycles of the AC line 

S. Backplane 

1. All system and signal power to the CPU and support modules shall be distributed on the 
backplane. No interconnecting wiring between these modules via plug-terminated jumpers 
shall be acceptable. 

2. All system modules, main and expansion chassis shall be designed to provide for free air 
flow convection cooling. No internal fans or other means of cooling, except heat sinks, 
shall be permitted. 

3. All system modules including the processor shall be removable from the chassis or inserted 
in to the chassis while power is being supplied to the chassis without faulting the processor 
or damaging the modules. 

4. Modules shall be designed to plug into a chassis and to be keyed to allow installation in 
only one direction. The design must prohibit upside down insertion of the modules as well 
as safeguard against the insertion of a module into the wrong slot or chassis via an 
electronic method for identifying a module. Electronic keying shall perform an electronic 
check to insure that the physical module is consistent with what was configured. 

T. Discrete Input and Output Modules 
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1. General 
a. Digital input and output modules shall provide ON/OFF detection and actuation.  
b. The I/O count and type shall be as required to implement the functions specified plus 

an allowance for active spares, as noted below. 
c. Modules shall be designed to be installed or removed while chassis power is applied.  
d. Modules shall have indicators to display the status of communication, module health 

and input / output devices.  
e. Each module shall have the following status indicators.  

1) The On/Off state of the field device.  
2) The module's communication status.  

2. Module Specifications (120 VAC Input Module)  
a. Nominal Input Voltage of 120 VAC  
b. On-State Current of 15 milliamps (mA) @132 VAC, 47-63 Hz maximum  
c. Maximum Off-State Voltage of 20 volts  
d. Maximum Off-State Current of 2.5 mA  
e. Number of Points per Card: 16 

3. Module Specification (120 VAC Solid State Output Module)  
a. Each discrete output shall have an associated interposing relay located in the same 

control panel. 120 VAC power for relay outputs shall be provided from the associated 
motor starter control circuit (when used with motor starters) or other 120 VAC source 
(when I/O is not associated with a particular motor starter). 

b. Output Voltage Range of 74-265 VAC, 47-63 Hz  
c. Output Current Rating:  

1) Per Point - 0.5 Amps maximum @ 30 °C; 0.25 Amps maximum @ 60 °C; Linear 
Derating  

2) Per Module - 4 Amps maximum @ 30 °C; 2 Amps maximum @ 60 °C; Linear 
Derating  

d. Surge Current Per Point of 5 Amps for 43 ms each, repeatable every 2 seconds @ 60 
°C  

e. Minimum Load Current of 10 mA per point  
f. Maximum On-State Voltage Drop of 1.5 volts peak @2.0 Amps and 6 volts peak 

@load less than 50 mA  
g. Maximum Off-State Leakage of 2.5 mA per point  
h. Number of Points per Card: 16 

4. Module Specifications (Individually Isolated, Relay Contact Output Module)  
a. Output Voltage Range of 10-265 VAC, 47-63 Hz , 5-125 volts direct current (VDC) 
b. Output Current Rating:  

1) Per Point – 2.5 Amps maximum  
2) Per Module - 16 Amps maximum  

c. Power Rating (Steady State) of 250 volt-amps (VA) maximum for 125 VAC inductive 
output  

d. Maximum Off-State Leakage of 0 mA per point  
e. Configurable States  

1) Fault Per Point - Hold Last State, ON or OFF  
2) Program Mode Per Point - Hold Last State, ON or OFF  

f. Number of Points per Card: 16 
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U. Analog Input and Output Modules 

1. General 
a. Analog input modules shall convert an analog signal that is connected to the module's 

screw terminals into a digital value. The digital value representing the magnitude of 
the analog signal shall be transmitted on the backplane. Analog output modules shall 
convert a digital value that is delivered to the module via the backplane into an analog 
signal on the module's screw terminals.  

b. Modules shall be designed to be installed or removed while chassis power is applied.  
c. Modules shall have indicators to display the status of communication, module health 

and input / output devices.  
d. Each analog module shall provide both hardware and software indication when a 

module fault has occurred. Each module shall have a Light Emitting Diode (LED) 
fault indicator and the programming software shall display the fault information.  

e. Analog modules shall be software configurable through the I/O configuration portion 
of the programming software.  

f. The following status shall be capable of being examined in ladder logic  
1) Module Fault Word – Provides fault summary reporting.  
2) Channel Fault Word – Provides under-range, over-range and communications 

fault reporting.  
3) Channel Status Words – Provides individual channel under-range and over-range 

fault reporting for process alarm, rate alarms and calibration faults.  
g. The 24 VDC power for analog instrument loops shall be provided as a part of the 

system. The 24 VDC power supply shall be derived from the 120 VAC input power 
circuit to the PLC. The field side of the 24 VDC power sources(s) shall have 
individual or grouped (of logically associated circuits) fusing and be provided with a 
readily visible, labeled blown fuse indicator. 

2. Differential Analog Input Module 
a. Input Range of  0-20 mA  
b. Resolution of approximately 16 bits across range  
c. Input Impedance of Greater than 249 Ohms  
d. Overvoltage Protection:  8 volts ac/dc with on-board current resistor  
e. Normal Mode Rejection of 60 decibels (dB) at 60Hz  
f. Common Mode Noise Rejection of 120 dB at 60 Hz, 100 dB at 50 Hz  
g. Isolation Voltage  

1) Channel to Ground/Chassis - 100% tested at 1000 VDC minimum for 1 second 
based on 250 VAC.  

h. Provide individual isolators, in addition to the surge suppression devices specified, in 
the control panels listed in Section 13330 for all signals that enter the panel from 
outside the building. Substitution of Isolated Analog cards to meet this requirement is 
acceptable.  

i. Number of Points per Card: 8 

3. Isolated Analog Output Current Module 
a. Output Current Range of 4 to 20 mA  
b. Current Resolution of 12 bits across 20 mA  
c. Open Circuit Detection - None  
d. Output Overvoltage Protection – 24 volts ac/dc maximum  
e. Output Short Circuit Protection - 20 mA or less (electronically limited)  
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f. Calibration Accuracy - Better than 0.1% of range from 4 mA to 20 mA  
g. Calibration Interval - 12 months typical  
h. Number of Points per Card: 8 

V. Communications Interfaces 

1. The PLC shall support the necessary communication ports to connect to the control 
network. 

2. The PLC will be capable of the communication protocols (as indicated on drawings with 
store-forward feature). 

W. When required provide a Communications Interface Module mounted in the chassis or the 
equivalent port directly on the CPU.  

X. Manufacturers 

1. Siemens S7-1214C. 

2. No equal. 

2.02 PLC SOFTWARE 

A. Provide a PLC configuration and application development software package complete with 
documentation and disks. The PLC software package and associated licensing and/or activation 
shall be installed on the computers shown on the Drawings.  

B. The software package shall allow on-line/off-line program development, annotation, 
monitoring, debugging, uploading, and downloading of programs to the PLCs. 

C. All required hardware (including cables, cable adapters, etc.) for connection to PLCs shall be 
furnished. 

D. All software licenses required to achieve the functionality described in the Specifications shall 
be provided. 

E. The software package shall include a software license agreement allowing the Owner the right 
to use the software as required for any current or future modification, documentation, or 
development of the PLCs furnished for this project. 

F. The software provided shall be capable of the following IEC 61131-3 functions: 

1. Ladder logic. 

2. Function block. 

3. Sequential function chart. 

4. Structure text. 
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G. In addition to the above editors, an add-on instruction editor shall work with any of the above-
mentioned editors to create custom reusable function blocks. This software shall allow any of 
the derived function blocks to be modified on-line. 

H. The software shall be Microsoft Windows-based and run on the supplied computers. 

I. The software shall include a security feature to prevent unauthorized personnel from modifying 
and downloading the programs. 

J. Provide an I/O simulator, which allows the PLC application load program to be tested on a PC 
with simulated analog and digital inputs and outputs, allowing I/O testing and debugging to be 
performed in a safe, isolated environment without the need for running the PLC CPU and 
process I/O boards. 

K. Application Software  
a. The system program to RUN and STOP functions of the well motor will not be 

modified. Program the PLC with the indicated I/O.  
b. A modification of the program will be installed for the locations with control valves. 

The control valve positions will be interlocked with well motor operations.  In 
general, the well will “blow off” the water for a period of time before the water is 
routed to the ground storage tank central pump station. Include safety and alarms to 
insure correct operations. Control Valve Positions and  Commands are indicated on 
the PLC  I/O list  

L. Manufacturers 

1. Siemens 7 – 1214 C 

2. No Equal. 

2.03 SPARE PARTS   

A. General requirements for spare parts are specified in section 13300. 

B. The following PLC spare parts shall be furnished 

1. Processors:  Provide one (1) spare processor for each unique processor installed. 

2. Memory Cards: Provide two (2) spares of each type of card installed.  

3. I/O Cards:  Provide spares for each unique I/O module type installed. Provide two or 10 
percent of installed quantity, whichever is greater.  

4. Network interface, remote I/O, and communication modules: Provide one spare 
communication module for each unique communication module installed. 

5. Specialty Modules: Provide one (1) spare of each type of module used. Provide an 
additional spare for every ten modules of a specific type installed. 
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6. PLC Power supplies:  Provide one (1) spare power supply for each unique power supply 
installed. Provide an additional spare for every ten power supplies installed. 

7. Chassis: Provide spare chassis for each unique chassis installed. 

8. Miscellaneous PLC hardware:  Provide minimum of two (2) spares for each unique 
component installed. 

9. Miscellaneous cables: Provide minimum of two (2) spares for each unique component 
installed. 

PART 3  EXECUTION 

3.01 GENERAL INSTALLATION 

A. Maintain area free of dirt and dust during and after installation of programmable controller 
products. 

B. Anchor PLCs within enclosures as recommended by the PLC manufacturer. 

C. Ventilation slots shall not be blocked, or obstructed by any means. 

D. Examine areas, surfaces, and substrates to receive PLCs for compliance with requirements, 
installation tolerances, and other conditions affecting performance. Proceed with installation 
only after unsatisfactory conditions have been corrected. 

E. Install in accordance with manufacturer's instructions. 

F. Unload, unpack and transport equipment to prevent damage or loss. 

G. Replace damaged components as directed by Engineer. 

3.02 PANEL LAYOUT 

A. Coordinate size and configuration of enclosure to meet project requirements. Drawings indicate 
maximum dimensions for PLCs, minimum clearances between PLCs, and adjacent surfaces and 
other items.  

B. Comply with indicated maximum dimensions and clearances, or with PLC vendors required 
distances if they are greater than the distances indicated. 

1. Provide spacing around PLC as required by the PLC manufacturer to ensure adequate 
cooling. Insure that the air surrounding the PLC has been conditioned to maintain the 
required temperature and humidity range. 

2. Wires entering and exiting PLC components shall be sized to comply with the PLC 
manufacturers requirements. Doors on all components shall be able to be fully closed when 
all the wires are installed. 
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3. For chassis mounted PLCs, no wiring, wire ducts, or other devices shall obstruct the 
removal of cards from the rack. 

4. PLC lights, keys, communication ports, and memory card slots shall be accessible at all 
times. Lights shall be visible at all times when enclosure door is opened. 

C. Control panel designer shall provide independent line fuses or circuit breakers, per the PLC 
manufacturer recommendation, for each power supply, input module, output module, and other 
modules with separately derived power requirements. 

D. Control panel designer shall insure that communication signals, 4-20 mA signals (including 
those with embedded Highway Addressable Remote Transducer (HART)), are properly 
conditioned for the PLC and protected from all sources of radiated energy or harmonics. 

E. Each PLC (including all I/O) shall be powered from the UPS power conditioning system. 

F. Where multiple sets of mechanical equipment are provided for process redundancy, arrange 
their field connections to I/O modules so that the failure of a single I/O module will not disable 
the redundant system. This applies to all I/O types. The acceptability of the I/O arrangement 
shall be at the discretion of the engineer. 

G. Provide all required cables, cords, and connective devices for interface with other control 
system components. 

END OF SECTION 
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SECTION 13340 
INSTRUMENTATION AND CONTROLS – INSTRUMENTS 

PART 1  GENERAL 

1.01 SCOPE OF WORK 

A. This section covers the furnishing, installation, and services for instruments. 

B. Refer to Section 13300. 

1.02 RELATED WORK 

A. Refer to Section 13300. 

1.03 SUBMITTALS 

A. Submit complete documentation of all field instruments using ISA-TR20.00.01-2001 (updated 
in 2004-2006) data sheet formats. Submit a complete Bill of Materials (BOM) or Index that lists 
all instrumentation equipment. The list shall be sorted by Loop Number. 

B. Submit separate data sheets for each instrument including: 

1. Plant Equipment Number and ISA tag number per the Drawings. 

2. Product (item) name used herein and on the Drawings. 

3. Manufacturer's complete model number. 

4. Location of the device. 

5. Input - output characteristics. 

6. Range, size, and graduations in engineering units. 

7. Physical size with dimensions, enclosure NEMA classification and mounting details in 
sufficient detail to determine compliance with requirements. 

8. Materials of construction for enclosure and wetted parts. 

9. Instrument or control device sizing calculations where applicable. 

10. Certified calibration data for all flow metering devices. 

11. Two-wire or four-wire device type as applicable. 

C. Submit catalog cuts for all instruments. Submit descriptive literature for each hardware 
component, which fully describes the units being provided.  
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D. Submit index and data sheets in electronic format as well as hard copies on 8-1/2" x 11" 
formats. Electronic format shall be in Microsoft Excel or Word. Submit electronic copy on CD-
ROM or DVD disk.  

1.04 MAINTENANCE 

A. Refer to Section 13300. 

B. Test equipment: 

1.05 INSTRUMENT TAGS 

A. A permanent stainless steel or other non-corrosive material tag firmly attached and permanently 
and indelibly marked with the instrument tag number, as indicated in the Drawings, shall be 
provided on each piece of equipment supplied under this Section and related sections. 
Equipment shall be tagged before shipping to the site. 

B. Provide 1/8-in by 3/8-in, Type 316 stainless steel button head machine screws. 

C. All supplied instrument transmitters and instrument transmitter elements shall have a stainless 
steel identification tag attached to each transmitter and element prior to shipment. Tag shall be 
attached via stainless steel chain or stainless steel wire (24 gauge min) to a non-removable part 
of the device. The tag size shall be a minimum of 1.5 square inches. Tag shall include the ISA 
alphanumeric instrument number as indicated in the P&ID, loop, and detail drawings. The 
alphanumeric instrument number shall be stamped into the tag and shall have a minimum of 
3/16-in high alphanumeric characters.  

1.06 APPROVALS/CERTIFICATIONS 

A. Instruments for hazardous locations shall have Factory Mutual (FM), Canadian Standards 
Association (CSA), and CENELEC approvals and certifications as specified herein and as 
indicated on the Drawings or in the Instrument Device Schedule. The instrument specifications 
in Part 2 state the Class, Division, and gas groups for FM/CSA approval, followed in 
parenthesis by the CENELEC certification; however, instruments provided are only required to 
have the approval/certification stated above. The instrument shall have a stainless steel tag 
identifying the relevant approval or certification.  

1.07 MANUFACTURERS’ START-UP AND TRAINING SERVICES 

A. If indicated in the individual instrumentation paragraphs, the instrument manufacturer or 
manufacturer's certified service representative shall provide start-up and training services. This 
work shall not be done by the PCSS or AESS contractor.  

B. The start-up services shall be to calibrate, oversee the installations of the sensor, and start-up the 
sensor/transmitter in order to provide reliable measurement at the instrument and to a remote 
system. The vendor shall work with the PCSS and AESS to verify the transmitter sends correct 
information to the remote system (i.e., that the scaling and units are the same at the instrument 
and on the remote operator interface).  
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C. While the instrument manufacturer or manufacturer’s certified service representative is starting 
up the instrumentation, training shall be provided to the Owner's instrumentation technicians. 
The training shall be in how to calibrate, install, troubleshoot, read the diagnostics, and maintain 
the sensor and transmitter. 

PART 2  PRODUCTS 

2.01 MAGNETIC FLOWMETER 

A. Flow Element 

1. Type: 
a. Pulsed DC type. 

2. Function/Performance: 
a. Operating Temperature:  Process liquid temperatures of 0 to 140 degrees F or greater 

dependent upon liner and an ambient of minus 30 to 150 degrees F. 
b. Radio Frequency Interference (RFI) protection: RFI protection shall be provided as 

recommended by the manufacturer. 
c. Pressure rating:  Equal to piping system where meter is installed. 
d. Additional:  Meter shall be capable of running empty indefinitely without damage to 

any component. 

3. Physical: 
a. Metering Tube: Type 304 stainless steel or equivalent. 
b. Flanges:  ANSI 150 lb. or DIN PN 16 carbon steel, as required by the piping system, 

unless otherwise indicated. ANSI 150 lb. or DIN PN 16 stainless steel flanges shall be 
used on all SS process pipes. 

c. Liner:  Polyurethane or composite elastomer unless otherwise indicated on the 
Drawings or in the Instrument Device Schedule. 

d. Electrodes:  Type 316 stainless steel standard minimum requirements. All electrodes 
to be compatible with process fluid as indicated on the Drawings or electrodes to be 
supplied as listed in the Instrument Device Schedule.  

e. Housing:  For meters with remote mounted transmitters, meters below grade shall be 
suitable for submergence for up to 48 hours to a depth of 30 ft (9m). Meters above 
grade shall be NEMA 4X (IP65).  Where hazardous areas are indicated on the 
Drawings, the equipment shall be rated for that area. 

f. Finish:  All external surfaces shall have a chemical and corrosion resistant finish. 

4. Power Requirements: 
a. Meter shall be 24VDC  powered or as required, receiving its power from transmitter.   

5. Accessories/Documentation Required: 
a. Factory calibration:  All meters shall be factory calibrated. A copy of the calibration 

report shall be included in the O&M manual.   
b. Grounding:  Meter shall be grounded in accordance with the manufacturer's 

recommendation. Provide ground ring, ground wires, gaskets, etc., as required. All 
materials shall be suitable for the liquid being measured and must be compatible with 
process fluid and with the process pipe. Grounding electrodes are not acceptable. 
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c. For meters with remote mounted transmitters, signal cable for installation between the 
flow tube and the transmitter shall be supplied by the manufacturer. Length shall be as 
required by installation as indicated on the Drawings. 

B. Flow Converter/Transmitter 

1. Type: 
a. Micro-processor based, intelligent transmitter compatible with flow tube provided. 
b. Integral mount or mounted remote from the flow tube as shown on the drawings or as 

required by the physical location. 

2. Functional/Performance: 
a. Accuracy (including flow tube):  Plus/minus 0.5% percent of flow rate or better. 
b. Operating Temperature:  –20 to 140 degrees F.  
c. Output:  Isolated 4-20 mA. Current output adjustable over the full range of the 

instrument. Provide a dry contact to indicate reverse flow. 
d. Diagnostics:  Built in self diagnostics with troubleshooting codes and meter 

verification capability and on screen display of faults. The flowmeter shall be 
verifiable without an external calibration device. 

e. Display:  Digital indicator displaying flow in engineering units indicated in the 
Instrument Device Schedule. 

f. Totalizer:  A fully configurable totalizer integral to the transmitter. Totalized flow 
shall be displayed. 

g. Empty Tube Zero:  The transmitter shall include a feature that will lock the output at 
zero when no flow is detected. The empty tube zero feature shall be enabled 
automatically when the transmitter detects no flow or manually through a contact 
input. 

3. Physical: 
a. Transmitter shall be suitable for surface or pipe stand mounting. 
b. Enclosure shall be NEMA 4X (IP65). 

4. Power Requirements: 
a. The transmitter shall be 120 VAC powered instrument. 

5. Accessories/ Required: 
a. Keypad where required for transmitter configuration. 

C. Manufacturer: 

1. Rosemount – Series 8750 Meter and 8712 Transmitter for remote mounted transmitter, or 
8732E meter/transmitter for integral mounted. 

2. Siemens – Sitrans FM MAG Series 

3. Or equal equipment. 

D. The following accessories shall be furnished: 
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1. All mounting hardware required for pipe stand, surface, or other mounting shall be 
provided. 

2. All interconnecting cable between the flow meter and flow element with flexible conduit 
and all related items. 

3. Each instrument shall be provided with a manufacturer installed stainless steel tag 
identifying the instrument tag number. 

PART 3  EXECUTION 

3.01 GENERAL 

A. See execution requirements in Section 13300. 

B. Unless specifically indicated, direct reading or electrical transmitting instrumentation shall not 
be mounted on process piping. Instrumentation shall be mounted on instrument racks or stands. 
All instrumentation connections shall be provided with shutoff and drain valves. For differential 
pressure transmitters, 5-valve manifolds for calibration, testing and blow down service shall 
also be provided. For chemical or corrosive fluids, diaphragm seals with flushing connections 
shall be provided. 

END OF SECTION 
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Section 13441 
 

SCADA SOFTWARE ENGINEERING 
SECURITY AND QUALITY REQUIREMENTS 

 
 
PART 1: GENERAL 
 
1.01 PURPOSE 
 

A. This document identifies requirements for SCADA software and programming 
used for the control and monitoring for each  Water Well and Re-Pumping 
Station.   These requirements are intended to address three related areas: 1) 
SCADA Homeland Security Requirements, 2) Texas Engineering Practice Act, 3) 
COH SCADA system quality requirements: 

1. According to the National Strategy for Homeland Security water facilities are 
part of the nation’s critical infrastructure and the government agencies that 
are responsible shall take specific steps to improve SCADA security.   

a. Government agencies are required to “Establish policies to minimize the 
likelihood that organizational personnel will inadvertently disclose sensitive 
information regarding SCADA system design, operations, or security 
controls” and “Release data related to the SCADA network only on a strict, 
need-to-know basis, and only to persons/entities explicitly authorized to 
receive such information”. 

b. In compliance with these Homeland Security requirements all SCADA 
related information is restricted to authorized personnel.   

2. In compliance with Texas Engineering Practice Act (Article 3271a) and the 
recognition that SCADA software is an integral part of the electrical control of 
the water facilities and is therefore within the jurisdiction of the act:   

a. All SCADA software related work shall be performed by a licensed 
engineering firm meeting the qualifications as specified in these 
requirements and referred to within as the Software Engineer (SE). The 
software produced for the project shall be stamped by SE in accordance 
with (Article 3271a §137.33 Sealing Procedures for engineering software). 

3. Additionally, these requirements are to refine and perpetuate software 
engineering and software quality standards that will benefit the Drinking 
Water Operations Branch of the Department of Public Works and Engineering 
in the areas of facility operations, maintenance, and construction projects: 

 
a. The requirements are intended to benefit facility operations through 

encouraging SCADA standards of consistency in facility functionality and 
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operation, improved process visibility, improved efficiency and control, 
lower operating costs and reduced potential permit violations.   The 
SCADA standardization also addresses improved technical support and 
ease of maintenance. 
 

b. These requirements specify SCADA related issues in construction, 
deliverables and qualifications that will help ensure the availability and 
quality of SCADA system integration.   

c. SCADA related software integration activities have been identified as a 
key point of quality control for construction projects.  The SE shall 
subcontract directly to the general contractor and shall perform an 
independent assessment of the SCADA related work of the other 
subcontractors and equipment suppliers to ensure complete system and 
software integration within the facility per the construction specification 
and SCADA design guidelines. 

 
 
PART 2: PRODUCTS 
 
2.01 SCOPE 
 

A. The requirements defined in this document apply to COH Drinking Water 
Operations SCADA software including system control, monitoring and 
integration.    The scope includes new and existing facility construction projects 
where new SCADA software is required or where the existing SCADA software is 
modified.  

 
1. SCADA software activities shall be performed only by the pre-approved SE 

and include: PLC programming, HMI configuration and graphics development, 
historical logging software application and report generation, network 
configuration and programming.  

 
2. Manufactured packaged subsystems with pre-engineered software may be 

specifically excluded if specified in that subsystem equipment specification, 
that the system shall be shipped with the software as a fully functional unit.  
The system PLC and HMI hardware and software application shall meet the 
requirements for SCADA integration and software documentation.  The 
packaged system provider shall deliver all software to SE as soon as possible 
for the purpose of review and integration.        

 
3. These requirements apply to all SCADA security related activities including 

configuration of servers, workstations and network equipment. 
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PART 3: EXECUTION 
 
3.01 SOFTWARE ENGINEERING REQUIREMENTS 

 
A. The SE shall perform the software engineering functions as required within the 

scope section meeting the requirements within. 
 

1. The SE shall use the COH standards for SCADA software engineering and 
Homeland Security in all work performed. 

 
a. The SE shall identify and communicate omissions and required 

modifications to these standards. 
 

b. Details on these standards are restricted to authorized personnel only 
according to the Homeland Security requirements and are not included in 
these requirements.  The pre-approved SE is authorized for access to 
these standards. 
 

B. The SE shall provide the SCADA related submittals as defined in the submittals 
section. 

 
1. The SE shall perform the work required to complete the required SCADA 

software submittals. 
 

2. The SE shall review and report on the SCADA related submittals of the 
project subcontractors and equipment providers. 

 
C. The SE shall assist the project team including; the engineer, the water operations 

and equipment suppliers with the SCADA integration issues. 
 

1. The SE shall attend project meetings as required by the project team. 
 

2. The SE shall assist the project team with functional test of the system. 
 

a. This may include providing project related process data from the SCADA 
system. 

 
 
PART 4: MODIFICATIONS  
 
4.01 SUBMITTALS 

 
A. Within 30 days of the notice to proceed the SE shall submit a letter of SE 

qualifications specifically addressing each item of qualification as defined in 
these requirements. 
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1. Include the SE professional engineering firm licensed number and date of 
issuance. 

 
2. Include a statement addressing the awareness of the Homeland Security 

concerns and intention to restrict the dissemination of security sensitive 
SCADA network information to those who are authorized by the COH and 
require the information in the support of this project.   

 
B. Within 90 days of the notice to proceed the SE will submit the Software 

Engineering Manual (Preliminary Report). 
 

1. Include the software conventions for the use in the HMI development. 
 

2. Include diagrams and schedules for all network devices associated with the 
process control and monitoring for the facility/facilities. 

 
3. Include the interfaces for the City SCADA network. 

 
4. Identify every network component (new and existing). 

 
5. The Software Engineering Manual will be updated for the final O&M. 

 
C. The SE will submit letters of software and network integration compatibility to be 

included in all the control related submittals.    
 

1. Included but not limited to: PLCs, network devices, computers, HMI devices.  
 

2. Include deviations from City standards and the construction specifications for 
electrical control drawings and tag naming conventions.  

 
3. Include deviations from the submitted Software Engineering Preliminary 

Report. 
 

4. Include the manufacturer supplied package systems with control panels. 
 

5. The SE shall distribute monthly a Software Engineering Integration Schedule 
highlighting software and system integration progress and issues. 
 

D. Factory demonstration test confirmation report 
 

1. After the required factory demonstration test the SE shall submit a report 
confirming the related software and network compatibility. 
 

E. Field Acceptance Functional Test 
 

1. Shall be completed prior to performance and reliability testing. 
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2. Field Acceptance Functional Test Submittals shall include: 

 
a. Field Acceptance Functional Test Plan Submittal. 
b. Description of plan for testing field devices. 

 
c. Description of plan for function test and system integration of each 

subsystem. 
 
d. Field Acceptance Functional Test Schedule shall be submitted after the 

acceptance of the test plan submittal. 
 
e. Field Acceptance Functional Test plan completion report shall be 

submitted. 
 

F. Updated Software Engineering Manual (Final Version) 
 
1. Update and submit a singled CD with all related SCADA software.   

2. Control and network components. 

3. Inventory of software components. 

4. Network device configuration documentation. 

5. Software Engineering documentation. 

6. PLC and HMI software shall be documented using the product development 
tool. 

7. Software shall be stamped as required in Texas Engineering Practice Act 
(Article 3271a §137.33 Sealing Procedures) with the date, the engineers 
name, the PE designation with license number. 

8. The SE will collect and submit all software and network device configuration 
programs and data developed for the project. 

 

PART 5:  SOFTWARE ENGINEER (SE) QUALIFICATIONS 
 

A. The Drinking Water Operations SCADA Group has set forth these qualifications for 
performing all SCADA related software activities for water facilities as defined in 
these requirements.  

 
B. SE qualifications:  
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1. The SE shall be a Texas Registered Professional Engineering firm with a 
minimum of five (5) years of licensed history with the software engineering of the 
control systems for advanced Water treatment processes.   

 
2. The SE shall be experienced with the software application development 

packages which are used as standards for Water Operations including a 
minimum five (5) years of software engineering experience with Wonderware 
Archestra and G.E. IFIX HMI application development packages and Siemens 
PLCs.    

 
3. The SE shall demonstrate a minimum of five (5) years of continuous Cisco 

Advanced Security expertise.  This ensures the SE has the required expertise to 
configure, secure and maintain the SCADA system network for applicable 
projects (excluding stand-alone control system at the lift stations and small plants 
where only a single PLC is installed). 

 
4. The SE shall have errors and omissions insurance with coverage in the amount 

of $1,000,000.00 (aggregate). 
 

5. The SE shall have an existing office, within the City of Houston, and shall 
maintain that office for the duration of the warranty and extended software 
service requirement. 

 
6. To ensure effectiveness and objectivity in the review and reporting of SCADA 

related integration issues, the SE shall be an independent entity and provide only 
software engineering services for the construction projects.  Additional scope of 
automation and electrical services may be provided as required by the owner.  
The services may include, but not limited to network diagram development, 
efficiency and optimization program and application implementation, data 
dictionary design guideline development.  

 
C. Approved SE:  Automation Nation, Inc., Attn: Mr Rich Kendall, P.E., 713-675-4999 or 

713-906-7115.  
 
 
 

END OF SECTION 
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Section 13460 
 

COMMUNICATION  
PATH STUDY 

 
 
PART 1: GENERAL 
 
1.01 PURPOSE 
 

A. This document identifies requirements for the Communication Path Study of the 
existing water radio system used for the control and monitoring for each  Water 
Well and Re-Pumping Station.   These requirements are intended to address 
three areas: 

1. Radio Engineering Report evaluating the existing Signal Strength from the 
Master Radio to and from the associated remote wells. 

2. Radio Engineering Report with existing radio configuration, Received Signal 
Strength Indication (RSSI) Readings, Well site and master radio coordinates 
and all related background and supportative information. 

3. Recommendation modifications necessary to improve radio signal strength for 
high robust signal system with a construction cost. Imporvements shall 
include antenna heights, antenna type modifications, remote well site radio 
reconfiguration with repeater devices as minimum recommendations.  

 
PART 2: PRODUCTS 
 
2.01 SCOPE 
 

A. Gather information to perform an Communication Path Study Report prior to any 
modification of the existing water well sites. Include description of all test 
equipment and calibration certification.  

B. Include hardware, software, and installation configuration for the existing radio 
system existing conditions and related equipment background.  

C. Provide field tests on the recommended solutions to improve the RSSI for the 
well remote and master radio system. Account for all seasonal tree folage at its 
maximum when making the radio system recommendations.   

  
 

 
  
 
PART 3: EXECUTION 
 
3.01 REQUIREMENTS 
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A. Present the Communication Path Study to the City of Houston representation 

with 30 days from the notice to proceed. Provide written notice of the date within 
60 days after the notice to proceed.  

B. In the presentation, outline the finding and recommendations with the 
construction cost proposal. 

C. Decision on the construction proposal will be provided by the City of Houston 
representation with 60 days after the completed Communicaiton Path Study and 
construction proposal. 

D. Provide a minimum of 8 Communicaiton Path Study Reports with the 
construction proposal.   

 
 
 

A. Provider: AWC , INC Radio Survery 713 944 2100  
  Johnston Technical Services  972 620 1435. 
  or approved Equal.   

 
 
 

END OF SECTION 
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Section 15162 
 

LINESHAFT DEEP WELL PUMPS 
 

PART 1 G E N E R A L 
 
1.01 SECTION INCLUDES  
 
A. Requirements for furnishing, installing and testing two deep well lineshaft pumps 

and constructing two concrete pump foundations at the sites indicated on 
Drawings.  The complete installation include new lineshaft pumps, steel discharge 
head, column pipe, tubing and shafting, air line, solution tubing and associated 
strainer and suction adapter to affect the complete operational water well pumping 
systems. 

 
1.02 UNIT PRICES 
 
A. No separate payment will be made for Work as required by this Section. Price for 

pump equipment is included as Item 2 in Document 00410-Bid Form and adjusted 
as necessary with Items 29 and 30. 

 
1.03 ORDERING OF PUMP AND MOTOR 
 
A. The pump and motor shall not be ordered without written instructions or approval 

of the City.  Written instructions or approval of the City shall occur after the 
satisfactory completion, as determined by the City, of the pumping test of a well.  
Once the City’s instructions are received, the Contractor shall order the pump and 
motor as soon as practicable.  No pump bowl assembly shall be assembled or 
released for shipment without the written approval of the City. 

 
1.04 REFERENCE STANDARDS 
 
A. The pumping unit shall conform to the latest edition of each of the following 

standards as applicable, unless otherwise specifically stated in this section.  
Pumps shall comply with all local and state sanitary and safety regulations.  

 
1. AWWA E103 – Horizontal and Vertical Line-Shaft Pumps.  
 
2. The Hydraulic Institute – Centrifugal Pump Section. 
 

1. 05 SUBMITTALS 
 
A. Submittals shall conform to requirements of Section 01330 - Submittal Procedures. 
  
B. Submit complete descriptive matter and data showing details of construction and 

other pertinent information pertaining to the equipment the Contractor proposes to 
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furnish including rated capacities, weights, accessories, electrical data and wiring 
diagrams. 
 

C. Submit the following pump and motor information to the City for the City’s approval, 
prior to the City issuing approval for ordering. 

 
1. Make of pump and pump designation    

2. Number of stages for present conditions    

3. O.D. of bowls, inches    

4. I.D. of column and wall thickness, inches    

5. O.D. of column couplings, inches    

6. Length of column sections, feet and 
inches 

 
   

7. Calculated thrust at design condition for 
present operation, pounds 

 
   

8. Motor thrust bearing capacity at specified 
RPM, pounds 

 
   

9. Motor thrust bearing life, years    

10. Brake horsepower at design condition for 
present operation, HP 

 
   

11. Field efficiency of pump at design 
condition for present operation, percent 

 
   

12. Wire-to-water efficiency at design 
condition for present operation, percent 

 
   

13. Make of motor and rated horsepower    

14. Speed of motor, RPM    

15. Motor efficiency, percent 
a. Half load 
b. Three-quarter load 
c. Full load 
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16. Motor power factor, percent 
a. Half load 
b. Three-quarter load 
c. Full load 

 
   
   
   

 
D. Submit curves for the City’s approval showing guaranteed field performance of the 

pump the Contractor proposes to furnish based on present operating conditions.  
Curves shall show head-capacity, brake horsepower, motor input horsepower, 
pump efficiency, and overall (wire-to-water) efficiency.  Note that field and not 
laboratory performance is to be shown on curves at scales subject to approval of 
the City. 

 
E. Submit installation, operation and maintenance manuals, parts description, and 

similar instruction books. Provide three copies of each. 
 
PART 2 P R O D U C T S 
 
2.01 ACCEPTABLE MANUFACTURERS 
 
A. Flowserve Pumps. 
 
B. Floway Pumps. 
 
C. Peerless Pumps. 
 
D. Goulds Pumps. 
 
E. American Turbine Pumps. 
 
F. Ruhrpumpen Pumps. 
 
2.02 GENERAL 
 
A. Pumps are to be of the deep well, multi-stage, vertical turbine, lineshaft type.  

Column pipe friction losses and losses of strainer, discharge elbow and pump are 
not included in scheduled total field head. 

 
2.03 PUMP SELECTIONS  
 
A. Select pumps conservatively for scheduled conditions.  Furnish pumps which have 

highest available efficiencies, with peak efficiency at or near rated conditions.  
Select pumps that have a steep head-capacity curve within 400 gpm of rated 
conditions and continuously rising head from runout to shutoff. 
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B. Provide motors of the type and speed scheduled.  Select motors that are not 
overloaded throughout the entire range of pump operation. 

 
C. Operating Conditions 
 

1. Definitions: 
 

a. Total field head, or field head, as stipulated in these Specifications is 
the sum of the pressure head, in feet, at the center line of the pump 
discharge plus the vertical distance, in feet, from the center line of 
the pump discharge to the pumping level in the well. 

 
b. Brake horsepower is the horsepower supplied to the shaft of an 

installed pump by the driver. 
 

c. Field efficiency of an installed pump is the ratio of output power to 
input power supplied to the shaft, expressed as percent. 

 
d. Overall efficiency of a pump installation is the ratio of the output 

power to input power supplied to the driver, expressed as percent. 
 

e. Setting is the normal distance from the base plate to the top of the 
bowl assembly. 

 
2. Design Condition: 

 
a. The pump is to be designed to meet the present operating conditions 

given herein. 
 

b. The Contractor is to state the number of stages required for the 
present conditions. 

 
c. Curves showing guaranteed overall field performance of the pump 

offered for the present operating conditions shall be submitted to the 
City for approval before ordering the pump.  All components of the 
pump to be installed under this contract shall be designed to 
withstand 1-1/2 times shutoff pressure developed by the pump with 
the stages and column setting required for future operating 
conditions and with the static water level no lower than 350 feet.  Any 
balancing of the impellers for high thrust conditions required by the 
future operating conditions shall be incorporated in the construction 
of the present pump before it is assembled. 
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D. Provide pumps to meet the following anticipated capacities and conditions: 
 

1. D203 Water Well No. 5: 
 

a. Design pumping rate, gpm 1,500 
 

b. Estimated static water level, feet 290 
 

c. Estimated pumping water level, feet 365 
 

d. Estimated discharge head above ground, feet 40 
 

e. Estimated field head, feet 425 
 

f. Maximum diameter of pump bowls, inches 14 
 

g. Column pipe setting, feet 420 
 

h. Minimum column pipe diameter, inches 10 
 

i. Minimum column pipe wall thickness, inches 0.365 
 

j. Minimum pump shaft diameter, inches 1.25 
 

k. Minimum motor name plate, horsepower 250 
 

l. Motor speed, rpm 1,770 
 

m. Motor voltage, volts 460 
 

n. Minimum pump efficiency at design pumping rate, percent 85 
 

2.04 COMPONENTS  
 
A. Pump Head:  The pump head shall be fabricated steel, with Class 150-pound ANSI 

flange.  Design head to support pump set to a depth of at least 600 feet, column, 
motor, and maximum hydraulic thrust with 25 percent reserve. Sealed tension 
bearing at shaft to provide for continuous oil lubrication of shaft bearing during 
pump operation.  Head to have sufficient space so that coupling can be installed 
below motor and above tube tension nut for easy motor removal. If unit weighs 
more than 28,000 pounds add steel lifting plate fitted with steel base plate.  The 
discharge head shall be equipped with three openings herein described:  1-1/2-
inch top tapped for air line tubing and two 2-1/2-inch top tapped for solution tubing. 
Holes in the discharge head also shall be provided for the anchor bolts set in the 
pump foundation.  The D203 Well No. 3 column pipe will be 10-inch diameter while 
the discharge piping will be 10-inch diameter. 
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B. Column Pipe: The total length of the column assembly on each pump shall be as 

specified from the base of the discharge head to the top of the bowl assembly. The 
column pipe shall be API-5L or ASTM A 53, Grade B seamless prime pipe.  
“Limited service” or “Mill reject” pipe will not be acceptable.  The column pipe shall 
be furnished in interchangeable sections not exceeding 20 feet in length and shall 
be connected with extra strong, threaded, sleeve type couplings.  Pipes shall be 
butted in the couplings to insure perfect alignment after assembly.  The couplings 
shall be designed to provide the required strength, with ample safety factor should 
the pump be lowered and stages added to meet future operating conditions.  The 
top column shall be factory machined of the proper length so that no cutting or 
machine work in the field is required to set the pump with the correct amount of 
tension on the oil tubing. 

 
C. Shafting and Tubing: The line shaft shall be turned, ground and polished precision 

shafting, C1045 or approved equal.  The shafting shall be supplied in 
interchangeable, threaded sections not over 20 feet long, with the ends machined 
smooth and at right angles to the axis of the shaft to insure perfect alignment.  The 
shaft sections shall be connected with extra strong steel couplings machined from 
solid bar stock which must be of ample dimensions to provide a connection of 
greater strength than the shaft itself. Shafts must be true and straight before and 
after installation. 

 
The shaft enclosing tube shall be Schedule 80 steel pipe, ASTM A 53, Type “E”, 
Grade B threaded internally, 5-foot maximum lengths, connected by ASTM B505 
or ASTM B584 bronze bearings, grooved for oil passage; coat tubing threads with 
sealing compound prior to assembly; support in column with rubber spiders, at 
maximum 40-foot spacing.  The tube sections shall be straight, with ends 
machined square, to ensure that the entire length of the tubing will be straight and 
true when the ends are butted.  The top tube shall be machined at the factory of 
the proper length to provide the correct tension in the oil tubing. 

 
D. Bowl Assembly: 
 

1. Pump bowls, including discharge and suction cases, shall be of close-
grained ASTM A 48-83, Class 40, cast iron and shall have fusion epoxy 
lined water passages. Bowls shall have bronze sleeve type bushings to 
support and guide the shaft. Bushing material shall be bronze, ASTM B 505 
alloy 836 or 844. Impeller shall be of the enclosed type, cast of bronze, 
ASTM B 584 alloy 836 or 844, accurately cast, machined, dynamically 
balanced and filed for optimum performance and minimum vibration. The 
impeller shall be single keyed or securely fastened to the bowl shaft with 
taper collets of Grade 416 stainless steel.  The bowls shall have bronze 
wear rings. 
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2. The pump shaft shall be of stainless steel A276, Grade 416 turned, ground 
and polished.  It shall be supported by bronze bearings of ASTM B 505 alloy 
C84400 above and below each impeller. The motor adapter and discharge 
case bearing shall be grease lubricated and protected from abrasives by 
bronze sand collars of ASTM B 584 alloy C83800. The size of the shaft shall 
be no less than that determined by ANSI/AWWA Specifications E101, 
Section A4.3, paragraph 4.3.3. The motor coupling shall be constructed of 
A276 type 416 stainless steel either keyed or splined as required to fit the 
motor shaft. 

 
E. Suction Pipe: Five to ten feet of steel suction pipe, same size as pump suction 

fitting. 
 
F. Oil Lubricator: Three gallon capacity aluminum reservoir with immersion heater 

and thermostat, filled as recommended by pump manufacturer; solenoid valve for 
automatic stop/start control of oil flow; flow regulating valve with sight glass; piping 
bypass around solenoid control valve with needle valve.  Provide and install low 
level oil switch “Milltronics Pointek” with one form “c” contact rated 5A @ 30 Vdc 
and one solid state switch rated 2 VA, Fail Safe (Low Alarm). Oil piping to be type 
K copper.  Mount securely on outside of pump head. 

 
G. Motor: The D203 pump shall be driven by a premium efficiency, 460-volt, 3 phase, 

60 hertz, nominal 1,800 rpm, direct-connected vertical hollow shaft squirrel cage 
induction motor with 1.15 service factor, shielded, drip-proof, NEMA W.P.I. 
enclosure for outdoor operation with non-reverse ratchet. The motor, wiring, and 
insulation shall be copper with non-hydroscopic Class G, Class B temperature rise 
not to exceed insulation temperature rating when operating at service factor rating 
and 40°C ambient according to NEMA M.G. 1-1978-12.4.2. Wiring insulation to 
include extra dips and bakes for Gulf Coast high humidity. Conduit box shall be 
cast iron, water-tight and weatherproof.  The motor is to be equipped with 120-volt 
space heater and guard screens. 

 
The bearings in the motor shall be ball or spherical roller oil-lubricated. The thrust 
bearing in the vertical hollow shaft motor shall have an external thrust capacity 
capable of carrying 1.5 times the weight of all rotating parts of the pump plus the 
hydraulic load imposed by the impellers when the pump is operating at the capacity 
and total field head given for the future conditions. Radial and thrust bearings are 
to have a B-10 life of 75,000 hours and to have a bearing housing large enough to 
hold sufficient lubricant to minimize the need for frequent lubrication. Facilities are 
to be provided for adding new oil or grease and draining old oil without major motor 
disassembly. 

 
Minimum motor efficiency to be 95.0 percent at full load and the motor is to have 
a maximum locked rotor indicating code letter of F. The minimum power at rating 
is to be 0.85. 
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The motor is to be equipped with a stainless steel name plate securely attached to 
the motor with stainless steel screws. All data is to be permanently stamped into 
the name plate including the motor horsepower, rpm, NEMA design, phase, hertz, 
service factor, ambient temperature, frame size, duty, class of insulation, locked 
KVA code, full load amps, locked rotor amps, model and catalog number, bearing 
identification by AFBMA number and NEMA nominal efficiency. 

 
The motors shall be manufactured by U.S. Motors, General Electric, Reliance, 
Toshiba, or Siemens-Electric Machinery. No substitutions accepted. 

 
2.05 PUMP FOUNDATION  
 
A. The pump foundation shall be of reinforced cast-in-place concrete. 
 
B. Concrete and reinforcing steel shall conform to Section 03315 – Concrete for Utility 

Construction. 
 
C. If it is necessary to make any changes to the pump foundation to install a pump, 

the Contractor shall obtain prior approval of the City and shall make the change at 
his own expense. 

 
2.06 AIR-LINE TUBING  
 
A. The air-line tubing shall be type 1005-44204 Dekoron, 1/4-inch O.D., single line, 

stainless steel tubing with 0.032-inch wall thickness, PVC coating, as 
manufactured by Eaton Control Systems, or approved equal. The run of air-line 
tubing shall be one continuous length from end to end without any splice or joint. 

 
2.07 SOLUTION TUBING  
 
A. Solution tubing, installed on the column pipe for insertion of chemical solution shall 

be Schedule 80, NSF-PW, 1120, PVC (polyvinyl chloride) plastic pipe in 
accordance with ASTM Standard D1785, color – gray, 1-1/4-inch I.D., as 
manufactured by Jet Stream Plastics, Inc., or approved equal, in 20-foot joints with 
bell-and-spigot ends for PVC cement-solvent welding. 

 
B. The solution tubing strings shall be two continuous lengths of tubing on opposite 

sides of the column pipe that extend from the bowl assembly discharge case 
through the discharge head base to the access plugs. The solution tubing strings 
shall be secured to each column pipe joint, a minimum of two separate locations, 
utilizing vinyl filament tape or approved equal. The solution tubing strings shall be 
secured to the top side of the discharge head utilizing a CGB connector, straight 
male thread, steel finish, 2-inch I.P. thread size, complete with gland nut and 
neoprene bushing (Catalog No. CGB 5913) as manufactured by Crouse-Hinds, or 
approved equal.  The solution tubing strings shall be provided with sufficient stick-



New / Replacement of Water Well – D203 Water Well No. 3 LINESHAFT DEEP 
WBS No. S-000100-0019-3 WELL PUMPS 
 

 
 15162-9  
 07-06-2016  

up above the discharge head base for ready access and a PVC screwed joint plug.  
The bottom of each solution tubing string shall be open. 

 
PART 3 E X E C U T I O N 
 
3.01 INSTALLATION  
 
A. Pump shall be installed in accordance with manufacturer’s written instructions by 

a water well contractor with specific experience installing lineshaft deep well 
pumps. 

 
B.   Equipment will be installed in accordance with manufacturer’s 

instructions, if included, using lifting lugs, as provided, or by slings 
attached to the equipment.  No temporary lifting lugs shall be utilized.  
Equipment shall be handled with sufficient care to prevent damage.  
Slings shall have adequate protection to prevent marring the 
surfaces of the equipment. 

 
C. Air-Line Tubing:  The air-line tubing shall be one unbroken 

continuous length from the bowl assembly discharge case through 
the discharge head base to the air-line gauge assembly.  The tubing 
shall be secured to each column pipe joint, a minimum of one 
location, utilizing vinyl filament tape, or approved equal.  The tubing 
shall be secured to the top side of the discharge head base utilizing 
a CGB connector, straight male thread, steel finish, 1-inch I.P. thread 
size, complete with gland nut and neoprene bushing (Catalog No. 
CGB 293) as manufactured by Crouse-Hinds, or approved equal. 

 
D. Air-Line Gauge:  Marshalltown, 4-1/2-inch, dual scale, calibrated in 

feet of water and pounds per square inch. 
 
E. Air Pump:  Provide hand air pump and Schraeder or Deming snifter 

valve. 
 

          3.02 EFFICIENCY AND TESTING 
 
 A.   The overall wire-to-water efficiency of the installed pump and motor 

shall be determined by measurement of capacity, field head, and 
kilowatt input to the motor.  An overall wire-to-water efficiency test 
shall be conducted by the Contractor on the pump after installation 
and before final acceptance. 

 
B. The Contractor shall supply all equipment, instruments, and labor 

necessary for such test and the City’s representative shall be present 
during the test.  
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C. Readings shall be taken at a number of points from about 70 percent 
of design capacity to maximum capacity.  A watt-meter shall be used 
to determine kilowatt input to the motor.  Electric current shall be 
measured on the incoming power side. 

 
D. Contractor shall prepare a field head-capacity curve from test data 

and submit four copies of it to the City.  Any deficiencies in the head-
capacity or efficiency or operation of a pump and motor shall be 
corrected by the Contractor at its expense prior to acceptance. 

 
3.03 WARRANTY 
 
A. The pump manufacturer shall warrant the units being supplied to the City against 

defects in workmanship and material for a period of one year after substantial 
completion, operation and service.  The warranty shall be in printed form and apply 
to all units. 

 
3.04 PUMP FOUNDATION  
 
A. The pump foundation shall be of reinforced cast-in-place concrete in conformity   

with Section 03315-Concrete for Utility Construction, and with dimensions and 
details as shown on the Drawings. 

 
B. All cement grout shall be removed from the surface casing inside the foundation, 

leaving the exposed surface of the casing clean before concrete for the foundation 
is placed. 

 
C. The surface casing vent pipe shall be cut into the surface casing and welded to it 

prior to placing the forms for the concrete pump foundation.  The angle formed 
between the axis of the surface casing and the axis of the vent pipe shall not be 
greater than 45 degrees, and the threaded upper end of the vent pipe shall extend 
outside the final face of the foundation as shown by the Drawings. 

 
3.05 STERILIZATION 
 
A. Disinfection procedures shall be in accordance with AWWA Standards for 

Disinfection of Wells—ANSI/AWWA C654.  
 
B. Samples for bacteriological analysis shall be collected in a sterile container at the 

pump discharge, and a test made for coliform organisms.  After sterilization, the 
well shall be pumped at open discharge until at least 500,000 gallons of water have 
been pumped before the first sample is collected.  The samples shall be collected 
on three consecutive days and shall be tested for coliform organisms at the City of 
Houston East Water Treatment Plant on Federal Road.  Samples shall be collected 
and analyzed on three successive days without chlorination between sampling.  If 
any coliform organisms are found in any of the samples, the Contractor shall re-
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sterilize the pump and well and have the water resampled as stated above until 
such time as no coliform organisms are found in the water samples collected after 
at least 500,000 gallons have been pumped from the well after the last well 
chlorination prior to collecting the first sample and two additional samples are 
collected on three successive days following sterilization.  All expenses of 
sterilization of the pump and analyses for coliform organisms shall be borne by the 
Contractor. 

 
C. The water discharged by the pump following disinfection shall be dechlorinated to 

a level of 2.0 or less mg/l chlorine before it is allowed to leave the site. 
 

PUMP DIMENSIONS SCHEDULE 
(Anticipated initial conditions) 

 
 D203 

Well No. 5 
Pumping Rate, gpm 1,500 gpm 

 
Static Water Level, feet 290 

 
Pumping Water Level, feet 365 

 
Column Pipe Diameter, 
inch 

10 
 

Column Pipe Setting, feet 420 
Solution Tubing, feet 420 
Air-Line Tubing, feet 420 
Lineshaft Motor, hp 250 
Motor Voltage, volts 460 
Maximum RPM 1,800 
Minimum Bowl Efficiency, 
percent 

85 

Maximum Pump Bowl 
Outside Diameter, in. 

14 

 
END OF SECTION 
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Section 16010 
 

BASIC ELECTRICAL REQUIREMENTS 
 
 
PART 1: GENERAL 
 
1.01 SECTION INCLUDES 
 

A. Basic requirements specifically applicable to the work of Division 16 - Electrical 
Requirements. 

 
B. The Contractor shall furnish equipment, materials, and labor for assembly and installation 

plus check out and start-up of the complete electrical system as shown on the Drawings 
and stipulated in the Specifications. 

 
1.02 MEASUREMENT AND PAYMENT 

 
A. No separate payment will be provided for work performed under this Section.  Include 

the cost for this work in the lump sum base bid. 
 

B. Refer to Section 01270 – Measurement and Payment. 
 

1.03 REFERENCES 
 

A. As a minimum requirement, the electrical system shall be constructed in accordance with: 
 

1. American National Standards Institute/National Fire Protection Association 
(ANSI/NFPA), No. 70 - National Electrical Code (NEC) as adopted by the City of 
Houston. 

 
2. City of Houston Building Code. 

 
3. Other applicable Codes and Standards. 

 
B. Comply with local, county, state and federal regulations and codes in effect. 

 
C. Equipment of foreign manufacture must meet U.S. codes and standards.   

 
D. Equipment and materials shall conform to requirements of these specifications.  

 
1.04 QUALITY ASSURANCE 

 
A. Product Conformance Certificate and Quality Assurance Release.  Submit an overall 

conformance certificate for electrical components signed by the person responsible for 
product quality. 
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B. Specifically identify the purchased material or equipment by project name and location, 
purchase order number, supplements, and item number where applicable, including 
materials and services provided by others.  Indicate that all requirements have been met 
and identify any approved deviations. 

 
C. Field Inspection 

 
1. Electrical work shall be inspected and approved by the local code inspector and the 

City Engineer. 
 

2. Contractor shall give a minimum of one day’s notice to the Inspector that the 
installation is ready for inspection and two days’ notice to the City Engineer. 

 
3. Concealed work shall be inspected before it is covered: 

 
a. Conduit with stub-ups, underground in duct banks before concrete is poured. 

 
b. Conduit in slabs, walls and ceilings, complete with boxes. 

 
4. Electrical equipment and materials shall be inspected for compliance with 

specifications, upon arrival by the City Engineer. 
 

1.05 SITE CONDITIONS 
 

A. Take the following site conditions into consideration when fabricating, erecting, 
installing and wiring electrical equipment under this contract: 

 
1. Plant Location Houston 

 
2. Seismic Zone Zone 0 

 
3. Wind Velocity 135 mph 

 
4. Temperature, Min. / Max.: 

 
a. Coldest Winter Month Low = −20°F   /   High = 40°F 

 
b. Warmest Summer Month Low =  90°F   /   High = 110°F 

 
c. Lowest Expected 11°F 

 
d. Highest Expected 105°F 

 
5. Rainfall: 

 
a. Annual 45 inches 
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b. Design 3.4 inches/hour, 8.4 inches/24 hours 
 

6. Design Relative Humidity: 98% 
 

7. Station Barometric Pressure: 
 

a. Average Annual 29.5 inches Hg Absolute. 
 
1.06 RESPONSIBILITY FOR ELECTRICAL WORK 

 
A. The work in this section is subject to al the requirements in all the related sections of the 

specifications including the General and Special Conditions. The electrical contractor 
shall coordinate all the work in this section with all the trades, including the Security 
System Installer/Integrator (SSI) and the Owner; to provide the complete the operable 
system required herein. All such coordination shall be completed prior to the initiation of 
any field construction. There will be no basis for additional monies under this 
contract for failure to properly complete this coordination. 

 
 
PART 2: PRODUCTS 
 
2.01 COMPONENT DESIGN 
 

A. Components utilized in the construction of the material or equipment shall be of the latest 
proven design, new and in current production.  Do not use obsolete components or 
components to be phased out of production.  Components must be of the most recent 
generation in current manufacture. 

 
 
PART 3: EXECUTION 
 
3.01 PREPARATION 

 
A. Verify dimensions and ratings of equipment and materials to ensure proper fit and 

performance. 
 

3.02 INSTALLATION 
 

A. Install equipment and materials in accordance with the Drawings and manufacturer's 
written instructions.  If field conditions necessitate changes in electrical installation, 
obtain approval from the City Engineer. 

 
 



New / Replacement of Water Well – D203 Water Well No. 3 BASIC ELECTRICAL 
WBS No. S-000100-0019-3 REQUIREMENTS 
 

 16010-4 
 

3.03 DEMONSTRATION 
 

A. Test the electrical system to specification requirements and demonstrate correct 
installation and operation of equipment. 

 
 
 

END OF SECTION 
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Section 16111 
 

CONDUIT, FITTINGS, AND BODIES 
 
 
PART 1: GENERAL 
 
1.01 SECTION INCLUDES 
 

A. Specification for Conduit, Fittings and Bodies.  See Specification Section 16402, 
Underground Duct Banks, for additional requirements. 

 
1.02 MEASUREMENT AND PAYMENT 

 
A. No separate payment will be made for work performed under this Section.   

 
1.03 RELATED SECTIONS 

 
A. Specification 16195, Electrical Identification. 

 
B. Specification 16402, Underground Duct Banks. 

 
1.04 REFERENCES 

 
A. American National Standards Institute (ANSI) 

 
1. ANSI C80.1:  Rigid Steel Conduit - Zinc Coated 

 
2. ANSI C80.3:  Electrical Metallic Tubing - Zinc Coated 

 
3. ANSI C80.4:  Fittings for Rigid Metal Conduit 

 
4. ANSI C80.5:  Rigid Aluminum Conduit 

 
B. Federal Specifications 

 
1. W-C-58C:  Conduit Outlet Boxes, Bodies Aluminum and Malleable Iron 

 
2. W-C-1094:  Conduit and Conduit Fittings Plastic, Rigid 

 
3. WW-C-566C:  Liquid Tight Flexible Metal Conduit 

 
4. WW-C-581D:  Coatings on Steel Conduit 

 
C. National Electrical Manufacturers Association (NEMA) 

 
1. NEMA RN1:  Polyvinyl-Chloride Externally Coated Galvanized Rigid Steel Conduit 

and Electrical Metallic Tubing 
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2. NEMA TC2:  Electrical Plastic Tubing (EPT) and Conduit (EPC-40 and EPC-80) 

 
3. NEMA TC3:  PVC Fittings for Use with Rigid PVC Conduit and Tubing 

 
D. National Fire Protection Association (NFPA), ANSI/NFPA 70 - National Electrical Code 

(NEC) 
 

E. Underwriters' Laboratories (UL) 
 

1. UL 1:  Liquid Tight Flexible Metal Electrical Conduit 
 

2. UL 6:  Rigid Metal Electrical Conduit 
 

3. UL 514B:  Fittings for Conduit and Outlet Boxes 
 

4. UL 651:  Schedule 80 Rigid PVC Conduit 
 

5. UL 651A:  Type EB and A Rigid PVC Conduit and HDPE Conduit 
 

6. UL 797:  Electrical Metallic Tubing 
 

7. UL 886:  Electrical Outlet Boxes and Fittings for Use in Hazardous Locations 
 

8. UL 1684:  Reinforced Thermosetting Resin Conduit 
 

1.05 SUBMITTALS 
 

A. Submit the following under the provisions of Section 01330 - Submittal Procedures: 
 

1. Manufacturer's cut sheets, catalog data 
 

2. Installation, terminating and splicing procedure 
 

3. Instruction for handling and storage 
 

4. Dimensions and weight 
 

5. Code compliance certificate 
 

6. Conformance certificate 
 

1.06 QUALITY ASSURANCE 
 

A. Tests 
 

1. Rigid steel conduit shall pass the bending, ductility, and thickness of zinc coating 
tests described by ANSI C80.1. 
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2. PVC coated rigid galvanized steel conduit shall have the PVC coating adhesion tested 

to conform to the “ETL Verified PVC-001” label. 
 

3. Liquid tight flexible conduit shall pass the tension, flexibility, impact, and zinc 
coating test described by UL 1. 

 
4. Nonmetallic conduit and fittings shall pass the test requirements of NEMA TC2, UL 

651 and 651A and Federal specification W-C-1094A. 
 

1.07 DELIVERY STORAGE AND HANDLING 
 

A. Package conduit in 10-foot bundles maximum, except for PVC conduits which may be up 
to 20 feet in length, with conduit and coupling thread protectors suitable for indoor and 
outdoor storage.  Package fittings in manufacturer's standard quantities and packaging 
suitable for indoor storage.   

 
B. Store conduit above ground on racks to prevent corrosion and entrance of debris. 

 
 
PART 2: PRODUCTS 
 
2.01 MATERIALS AND EQUIPMENT 
 

A. Design Conditions.  Use electrical conduit, fittings, and bodies designed for service in 
areas as specified in Section 16010 - Basic Electrical Requirements and this section to 
form a continuous raceway system for power, control, and instrument cables or any 
combination thereof. 

 
B. Conduit and Fittings 

 
1. Rigid Aluminum Conduit and Fittings 

 
a. Rigid Aluminum Conduit, bends, nipples, bodies, etc., shall be manufactured 

from aluminum alloy 6063-T1 and shall comply with the latest ANSI C80.5 
requirements. 
 

b. Fittings for Rigid Aluminum Conduit shall be cast aluminum with aluminum 
covers attached to the conduit fitting by stainless steel captive screws (Crouse-
Hinds Mark 9 or equivalent).  
 

2. Rigid Steel Conduit and Fittings 
 

a. Rigid Steel Conduit, bends, nipples, bodies, etc., shall be hot-dipped galvanized 
and shall comply with the latest ANSI C80.1, UL 6, Federal Specification WW-
C-581D, and NEC Article 344. 
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b. Mild steel tubing shall be used for conduit, nipples, and couplings, and shall be 
free of defects on both the inner and outer surfaces. 
 

c. Fittings and bodies and covers for rigid steel conduit shall be steel or cast-iron and 
shall comply with ANSI C80.4, UL 514B, and Federal Specification W-C-58C. 
 

3. PVC-Coated Rigid Galvanized Steel Conduit and Fittings 
 

a. PVC-coated conduit, fittings, bodies, and covers shall be Form 8 and conform to 
NEMA RN 1 (Type A).  Rigid steel galvanized conduit and fittings shall conform 
to Federal Specifications WW-C-581 D and ANSI C 80.1.  PVC-coated rigid 
metal conduit must be UL listed with PVC as the primary corrosion protection.  
Conduit bodies shall conform to UL 514 B and Federal Specification W C 58 C.  
PVC-coated fittings for general service locations must be UL listed with the PVC 
as the primary corrosion protection.  Provide sufficient coating for touch-up after 
installation. 
 

b. PVC-coated couplings shall be of the ribbed type. 
 

c. Condulet covers shall have a V-Notch seal and encapsulated stainless steel thumb 
screws. 
 

d. Condulets and covers shall be of malleable iron or ferroalloy material before 
coating. 
 

e. Urethane coating shall be a minimum of 2 mil thickness on the interior of the 
conduit and the interior of fittings, condulets, covers, and bodies. 
 

f. All PVC coated conduits and fittings shall be supplied by the same manufacturer. 
An acceptable manufacturer of PVC coated conduit is Robroy Industries, Inc.  
 

4. Electrical Metallic Tubing and Fittings 
 

a. Electrical Metallic Tubing (EMT) shall be galvanized steel tubing and shall 
comply with the latest ANSI C80.3 and UL 797 requirements. 
 

b. EMT fittings shall be galvanized malleable iron or steel compression type which 
tighten around the tubing by use of hex compression nuts.  EMT connectors shall 
have insulated throats.  Zinc or pot metal compression fittings are not acceptable.  
Set screw EMT fittings are also not acceptable.   
 

5. Liquid Tight Flexible Metal Conduit and Fittings 
 

a. Use liquid tight flexible metal conduit with spiral-wound, square locked, hot dip 
galvanized steel strip, manufactured in accordance with UL 1 and Federal 
specification WW-C-566C. 
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b. Fittings used with liquid tight flexible metal conduit shall be 316 Stainless Steel. 
Fittings shall be of such design as to thoroughly ground the conduit to the fittings, 
and through it to the box or enclosure to which it is attached. 
 

c. Liquid tight flexible fittings for use in hazardous areas shall comply with UL 886, 
NEC Article 501, and Federal Specification W-C-586C. 
 

6. PVC Conduit and Fittings.  Use PVC conduit, bends, and fittings, which comply with 
NEMA TC2, W-C-1094, and NEC Article 352 for above ground and underground 
installation.  Conduit shall be Schedule 40 where conduit is concrete encased and 
Schedule 80 for all other applications. 

 
7. Epoxy Fiberglass Conduit and Fittings 

 
a. Use epoxy fiberglass conduit, bends and fittings which comply with UL 1684 and 

NEC Article 352 for underground applications. 
 

b. Where used for bends greater than 15 degrees in underground duct bank conduits, 
provide epoxy fiberglass bends with a deep socket PVC coupling factory attached 
to each end of each bend. 
 

c. When used for stub-ups, provide an epoxy fiberglass elbow with a vertical epoxy 
fiberglass nipple to extend the conduit upward to a termination point.  Join the 
elbow to the nipple with an epoxy fiberglass straight socket connection joined 
with epoxy adhesive.  On the top of the epoxy fiberglass nipple, provide an epoxy 
fiberglass conduit adapter to transition to rigid aluminum conduit.  On the 
underground end of the epoxy fiberglass elbow, provide a factory attached deep 
socket PVC coupling to transition to Schedule 40 PVC conduit. 
 

d. Epoxy fiberglass conduit shall have a wall thickness of 0.070” for sizes ¾” 
through and including 4” conduit.  A wall thickness of 0.096” shall be provided 
for 5” epoxy fiberglass conduit. 
 

e. An acceptable manufacturer of epoxy fiberglass conduit is Champion Fiberglass, 
6400 Spring Stuebner Road, Spring, TX 77389, 281-655-8900. 
 

8. Cable Tray and Fittings 
 

a. Cable tray, bends, and covers shall be Aluninum with 316 Stainless Steel 
hardware. All tray accessories shall be specifically designed for the series of tray 
installed, field fabricated tray items are not acceptable. Cable tray shall be 
installed according to the latest revision of NEMA VE 2. 
 

b. Dimensions: unless otherwise indicated on the drawings. Depth: 6”, Width 24”. 
Fittings shall have a minimum radius of 12 inches. 
 

c. Type: unless otherwise indicated on the drawings all tray shall be Ladder type 
with 6 inch rung spacing. 
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d. Support: all tray support components shall be specifically designed for the series 

of tray installed. Tray supports shall have amaximum spacing of 8’-0”. Splice 
plates shall be “wedge lock” design with locking hardware.  
 

e. Fittings: all conduit entrance fittings shall be UL Listed and designed for the tray 
utilized. 
 

f. Grounding: any disconnected sections of the tray system shall be bonded with 
copper grounding “jumpers”. All boding hardware shall be 316 Stainless Steel. 
Any splice plate connection that exceeds 0.00033 Ohms shall have supplemental 
bonding with a copper jumper. 

 
 
PART 3: EXECUTION 
 
3.01 PREPARATION 

 
A. Ensure that the conduit system to be installed is sized properly for the cable and wire 

requirements. 
 

B. Verify the actual physical conduit route from the conduit plan drawings and prepare the 
conduit support system. 

 
C. Verify the equipment locations to which the conduit will be connected and determine 

detail requirements for connections. 
 

3.02 INSTALLATION 
 

A. Install Rigid Aluminum Conduits in all indoor and outdoor locations, unless a different 
type of conduit is identified below for a specific application.  The minimum bending 
radius for Rigid Aluminum Conduits containing 5 kV and higher voltage cables shall be 
36” for conduits 4” and smaller and 48” for conduits 5” and larger.  If smaller radius 
bends are required at a particular location for Rigid Aluminum Conduits containing 5 kV 
and higher voltage cables, secure approval from the City Engineer before proceeding 
with smaller radius bends. 

 
B. Install Schedule 80 PVC conduits in all indoor areas where chemicals are stored, 

metered, pumped or processed. 
 

C. Install Rigid Steel Conduits inside valve vaults and valve manholes. 
 

D. Install Schedule 40 PVC conduits for all underground applications including all single 
conduits, duct banks, and where conduits are encased in concrete slabs.  See Specification 
16402, Underground Duct Banks, for additional requirements.  For stub-ups, use epoxy 
fiberglass elbows with an appropriate length epoxy fiberglass nipple to extend the conduit 
to the surface of the concrete or 12” above grade where concrete will not be poured.  
Install a conduit adapter with threaded plug flush with the top surface of the concrete or 
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12” above grade in dirt areas where concrete will not be poured.  The threaded plug shall 
be removed when the conduit is extended.  Where stub-ups are in dirt, concrete encase 
PVC conduits 6” above grade. 

 
E. EMT conduit shall not be installed at any locations for permenant installation.  EMT is 

acceptable for Temporary Facilities to be removed upon completion of work, requiring 
Temporary facilities. 

 
F. Run exposed conduit parallel or perpendicular to walls, ceilings or main structural 

members.  Group multiple conduits together where possible.  Conduit shall not interfere 
with the use of passageways, doorways, overhead cranes, monorails, equipment removal 
areas or working areas.  In no case shall conduit routing present a safety hazard or 
interfere with normal plant operating and maintenance procedures.  A minimum overhead 
clearance of 8'-0" shall be maintained in passageways. 

 
G. Installation and support of conduits shall be from steel or concrete structures using Type 

316 stainless steel Unistrut P1000 (or equivalent by other vendors) attached with Type 
316 stainless steel bolts, expansion anchors and associated hardware.  Furnish necessary 
Type 316 stainless steel conduit straps, clamps, fittings, rods and supports for the conduit 
in accordance with standard construction practices.  Above lay-in ceilings in air 
conditioned rooms, EMT conduits shall be supported using hot-dip galvanized steel 
Unistrut P1000 (or equivalent by other vendors) with hot-dip galvanized steel hardware. 

 
H. Identify conduits at termination points like MCC, light fixtures, control panels, 

receptacles, and junction boxes. 
 

I. Not more than 3 equivalent 90 degree bends will be permitted between outlets.  Provide 
bonded expansion fittings at building expansion joints. 

 
J. Install conduit runs so that they are mechanically secure, mechanically protected from 

physical harm, electrically continuous, and neat in appearance.  The interiors of conduit 
shall provide clean, smooth raceways through which conductors may he drawn without 
damage to the insulation.  Make threaded connections wrench tight. 

 
K. Cut conduit square with a power saw or a rotary type conduit cutter designed to leave a 

flat face.  Do not use plumbing pipe cutters for cutting conduit.  Ream the cut ends of 
conduit with a reamer, designed for the purpose to eliminate rough edges and burrs.  
Threads shall be cut with standard conduit dies providing 3/4 inch taper per foot, 
allowing the proper length so that joints and terminals may be made up tight and the ends 
of the conduit not deformed.  Keep dies sharp and use a good quality threading oil 
continuously during the threading operation.  Remove metal cuttings and oil from the 
conduit ends after the threads are cut. 

 
L. Make up changes in direction of conduit using elbows or fittings.  Do not use pull boxes 

to make direction changes unless specifically designated otherwise. 
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M. Field fabricated bends shall be free of indentations or elliptical sections.  The radius of 
the bends shall not be less than listed in Paragraph 3.02 (this paragraph) of this 
specification. 

 
N. Protect all conduit terminations from mechanical injury.  Prevent the entry of moisture 

and foreign mater into the conduit system shall be prevented by properly capping 
terminations. 

 
O. Avoid trapped runs of conduit, if possible.  When they are necessary, provide drainage 

using a "tee" condulet equipped with a drain.  Conduit is likely to pass through areas with 
a temperature differential of 20 degrees F or more.  Seal penetrations with a proper seal 
fitting at the wall or barrier between such areas.  For conduit passing through walls 
separating pressurized areas from non-pressurized areas, install sealing fittings at the wall 
on the non-pressurized side. 

 
P. Fit all conduit crossing building or structure expansion joints with approved expansion 

fittings, except that fittings will not be required when conduit crossing an expansion joint 
is supported on trapeze hangers in such a way that at no time will the conduit be under 
stress due to expansion.  Install bonding jumpers around expansion joint fittings. 

 
Q. Where conduit terminates in sheet metal enclosures and where no threaded hubs are 

provided, fit the conduit with double locknuts and bushings.  Sheet metal enclosures 
located outside or in any other wet, damp or corrosive areas shall be furnished with 
threaded hubs.  Restrict side penetrations to the lower one third of the enclosure. 

 
R. Provide liquid tight flexible metallic conduit where necessary to allow for movement or 

to localize sound or vibration, at transformers, at motors and any other rotating 
equipment unless shown otherwise on Contract Drawings. 

 
S. Seal all openings or holes where conduits pass through walls or floors.  When passing 

thru a firewall or floor, use a fire-rated seal.  Certain walls, as indicated on the drawings, 
require environmental (air-tight) seals; seal as indicated on the Drawings. 

 
T. Install explosion-proof seals in conduit runs crossing or entering a hazardous classified 

area (as shown on Contract Drawings).  Install type CSBE removable sealing fittings to 
seal pump cables between wet well and first junction box. 

 
U. Unless otherwise indicated on the Contract Drawings, install expansion fittings every 300 

feet within a straight conduit run and where conduit crosses building expansion joints, 
using bonding straps to ensure ground continuity. 

 
V. Parallel runs of conduit may be supported by structural steel racks.  When two or more 

racks are arranged one above the other, provide vertical separation of not less than 12 
inches between racks, unless otherwise indicated on the Contract Drawings.  Space 
conduits on the racks at least enough to provide 1/4-inch clearance between hubs on 
adjacent conduits at terminations and to allow room for fittings. 
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W. Fill conduit racks no more than 75 percent of their capacity, providing usable space for 
future conduit.  To ensure this, conduits leaving the rack horizontally shall be offset up or 
down so that future conduits may be installed in the space remaining.  Construct conduit 
racks to permit access for wire or cable pulling at all pull points, even when future 
conduits are added to fill the racks. 

 
X. Where conduit racks are supported on rods from beam clamps or by some other non-rigid 

suspension system, install rigid supports at no more than 50-foot intervals to give lateral 
stability to the rack. 

 
Y. Conduit racks or hangers must in no way interfere with machinery (or its operation), 

piping, structural members, process equipment, or access to anticipated future equipment.  
Refer to architectural, structural, equipment layout and piping drawings to ensure that this 
requirement is met.  Label high voltage conduit with the circuit phase-to-phase voltage by 
means of a firmly attached tag or label of approved design at each conduit termination, on 
each side of walls or barriers pierced and at intervals not exceeding 200 feet along the 
entire length of the conduit. 

 
Z. Support conduit sizes 2 inches and larger at spacings not exceeding 10 feet and conduit 

sizes 1-1/2 inches and smaller at spacings not exceeding 8 feet. 
 

AA. Support conduit runs with Type 316 stainless steel conduit clamps, hangers, straps and 
Type 316 stainless steel metal framing channel attached to structural steel members. 

 
BB. Install conduits supported form building walls with at least 1/4-inch clearance from the 

wall to prevent the accumulation of dirt and moisture behind conduit. 
 

CC. The minimum conduit size shall be 3/4-inch. 
 

DD. Provide conduit tags for conduits as indicated in Specification 16195, Electrical 
Identification. 

 
 

END OF SECTION
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Section 16120 
600-VOLT INSULATED WIRE 

 
 
PART 1: GENERAL 
 
1.01 SECTION INCLUDES 
 

A. Specifications for 600-volt insulated wire for power and controls. 
 

1.02 MEASUREMENT AND PAYMENT 
 

A. No separate payment will be made for work performed under this Section. 
 

1.03 RELATED SECTIONS 
 

A. Section 16195 - Electrical Identification. 
 

1.04 REFERENCES 
 

A. American National Standards Institute/National Fire Protection Association 
(ANSI/NFPA), NFPA 70 - National Electrical Code (NEC), Article 310 - Conductors for 
General Wiring 

 
B. Underwriter's Laboratories (UL) 

 
1. UL 83:  Thermoplastic Insulated Wires and Cables 

 
2. UL 1063:  Machine Tool Wires and Cables 

 
C. American Society for Testing and Materials (ASTM) 

 
1. ASTM B3:  Soft or Annealed Copper Wires 

 
2. ASTM B8:  Concentric-Lay-Stranded Copper Conductors, Hard, Medium Hard, Soft 

 
D. Insulated Cable Engineers Association (ICEA), ICEA S-61-402:  Thermoplastic-

Insulated Wire and Cable for the Transmission and Distribution of Electrical Energy 
(NEMA WC-5) 

 
1.05 SUBMITTALS 

 
A. Submit the following under the provisions of Section 01330 - Submittal Procedures. 

 
1. Manufacturer's cut sheets, catalog data 

 
2. Instruction for handling and storage 
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3. Dimensions and weight   
 

4. Conformance certificate 
 

1.06 QUALITY ASSURANCE 
 

A. Tests.  Cable shall meet all the requirements of Part 6 of ICEA S-61-402. 
 

B. Conformance Certificate and Quality Assurance Release.  Submit a conformance 
certificate signed by the person responsible for product quality.  The certificate shall 
specifically identify the purchased material or equipment; such as by the project name 
and location, purchase order number, supplements, and item number where applicable, 
including materials and services provided by others.  The certificate shall indicate that 
requirements have been met and identify any approved deviations. 

 
1.07 DELIVERY, STORAGE, AND HANDLING 

 
A. Ship wire and cable on manufacturer's standard reel sizes unless otherwise specified. 

Where cut lengths are specified, mark reel footage accordingly.  Each reel shall contain 
one continuous length of cable.  Provide impact protection by wood lagging or suitable 
barrier across the traverse of the reel.  Provide moisture protection by using 
manufacturer's standard procedure or heat shrinkable self-sealing end caps applied to 
both ends of the cable. 

 
 
PART 2: PRODUCTS 
 
2.01 ACCEPTABLE MANUFACTURERS 
 

A. American Insulated Wire Corporation 
 

B. Carol Cable Company, Inc. 
 

C. General Cable Company 
 

D. Houston Wire and Cable 
 

E. Okonite Company 
 

F. Rome Cable Company 
 

G. Triangle Wire and Cable, Inc. 
 

2.02 600-VOLT INSULATED WIRE 
 

A. Design.  Provide insulated wire designated as XHHW-2 single conductor type and UL 83 
and UL 1063 listed, rated 600 volts and certified for continuous operation at maximum 
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conductor temperature of 90 degrees C in dry locations and 90 degrees C in wet locations 
while installed in underground duct, conduit or in control panels. 

 
B. Conductors.  Provide conductors which are Class B, concentric-stranded, annealed 

uncoated copper with physical and electrical properties complying with ASTM B3 and 
B8 and Part 2 of ICEA S-61-402. 

 
C. Insulation.  Each conductor shall be insulated with cross linked synthetic polymer. The 

insulation thickness shall match the dimensions listed in Table 310-13 of the National 
Electrical Code (NEC) for type XHHW-2 wire.   

 
D. Wire Marking 

 
1. Wire marking shall be in accordance with National Electrical Code (NEC) Article 

310-11 and shall be printed on the wire insulation at 2-foot intervals. 
 

2. The printing method used shall be permanent and the color shall sharply contrast with 
the jacket color. 

 
E. Single conductor color coding for power conductors follows.  When colored insulated 

conductors are not available, wrap color tape around ends of conductors. 
 

System Voltage A B C Neutral 
 
120/240 Volt 1Ph/3w Black Red  White 
208/120 Volt 3Ph/4w Black Red Blue White 
120/240 Volt 3Ph/4w Black Orange Blue White 
480/277 Volt 3Ph/4w Brown Purple Yellow Grey 
Ground  Green 

 
2.03 600-VOLT INSULATED MULTI-CONDUCTOR CABLE 

 
A. Multi-conductor cable shall consist of an assembly of individual XHHW-2 insulated 

wires with an overall flame retardant PVC jacket over the multi-conductor assembly.  
The PVC jacket minimum thickness shall be 45 mils. 

 
B. Cable Marking 

 
1. Wire marking shall be in accordance with National Electrical Code (NEC) Article 

310-11 and shall be printed on the wire insulation at 2-foot intervals. 
 

2. The printing method used shall be permanent and the color shall sharply contrast with 
the jacket color. 

 
2.04 POWER CONDUCTOR SIZES NO. 12 AND 10 AWG 

 
A. Dry Locations 
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1. Minimize splices 
 

2. Use twist type pressure connectors which screw-on conductors to splice wires.  
Connectors shall be factory insulated for 600 volts and rated for 105 degrees C. 

 
3. Use Buchanan B-CAP wire connectors or 3M Scotchlok spring connectors. 

 
B. Wet Locations 

 
1. Minimize splices 

 
2. Splice conductors with copper (not CU/AL) crimp type compression sleeves.  Cover 

splices with heat shrink sleeves, Raychem Type WCSM (tubing type sleeves) or 
Raychem Type CRSM (split sleeve with stainless steel closure spline). 

 
2.05 POWER CONDUCTORS NO. 8 AWG AND LARGER 

 
A. All locations 

 
1. Minimize splices. 

 
2. Splice conductors with copper (not CU/AL) crimp type compression sleeves.  Cover 

splices with heat shrink sleeves, Raychem Type WCSM (tubing type sleeves) or 
Raychem Type CRSM (split sleeve with stainless steel closure spine). 

 
3. Terminate power conductors no. 8 AWG and larger with copper crimp type 

compression lugs.  Conductors 4/0 AWG and larger shall be terminated with long 
barrel two-hole lugs. 

 
2.06 CONTROL WIRES 

 
A. Dry Locations 

 
1. Do not splice control wires unless there is not other way to make the installation. 

 
2. Terminate all control wires on terminal blocks in junction boxes, terminal cabinets, 

control cabinets and in equipment.  Use insulated crimp type tin-plates copper 
terminals with locking fork ends (upturned leg ends) to terminate control wires on 
terminal blocks. 

 
B. Wet Locations 

 
1. Do not splice control wires unless there is no other way to make the installation. 

 
2. Splice conductors with copper (not CU/AL) crimp type compression sleeves.  Cover 

splices with heat shrink sleeves, Raychem Type WCSM (tubing type sleeves) or 
Raychem Type CRSM (split sleeve with stainless steel closure spine). 

 



New / Replacement of Water Well – D203 Water Well No. 3  
WBS No. S-000100-0019-3 600-VOLT INSULATED WIRE 
 

 16120-5 

 
PART 3: EXECUTION 
 
3.01 PREPARATION 

 
A. Complete the cable raceway systems and underground duct banks before installing 

cables. 
 

B. Verify sizing of raceways and pull boxes to ensure proper accommodation for the cables. 
 

C. Check the length of the cable raceway system against the length of cable on the selected 
reel. 

 
D. Clean conduits of all foreign matter before cables are pulled. 

 
3.02 INSTALLATION 

 
A. Wiring Methods 

 
1. Use XHHW-2 wire for lighting, power and control wiring where conductors are 

enclosed in raceways like in above ground conduit systems or in underground duct 
banks. 

 
2. Do not use solid conductors. 

 
3. Use conductors not smaller than No. 12 AWG stranded for lighting circuits. 

 
4. Use conductors not smaller than No. 14 AWG for control circuits, unless specifically 

directed otherwise on the Contract Drawings. 
 

5. Splice conductors only where absolutely necessary.  Splices must be minimized.  Use 
the longest conductor lengths possible to reduce the number of splices. 

 
6. Splices associated with taps for lighting and control circuits are allowed. 

 
7. Make splices in accessible junction boxes. 

 
B. Wire and Cable Identification 

 
1. Provide wire and cable tags for control wiring ad indicated in Specification Section 

16195, Electrical Identification. 
 

2. Provide color coding tape on power wire and cables without colored insulation or 
jackets. 

 
C. Single Conductors in Conduit and Duct bank 
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1. Install cables in accordance with the manufacturer's instructions and the National 
Electrical Code (NEC), Chapter 3 - Wiring Methods and Materials.  Do not exceed 
maximum wire tension, maximum insulation pressure and minimum bending radius. 

 
2. Pull cables into conduits using Polywater J pulling lubricant. 

 
D. Tests 

 
1. In general, test insulation integrity of the wiring system before terminating. 

 
2. Make sure to disconnect sensitive electronic equipment before testing insulation. 

 
3. Use a 500 VDC megohmmeter and perform a megger insulation test on every 

conductor in accordance with the operating instructions.  Provide a test report for 
conductors size 4/0 AWG and larger.  Tests for conductors size 250 kcmil and larger 
shall be witnessed by a City Engineer designated representative. 

 
E. Termination 

 
1. After the 600-volt wiring system has been tested with satisfactory results, reconnect 

wire. 
 

 
END OF SECTION 
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Section 16126 
 

INSTRUMENTATION CABLE 
 
 
PART 1: GENERAL 
 
1.01 SECTION INCLUDES 
 

A. Specifications for instrumentation cable. 
 

1.02 MEASUREMENT AND PAYMENT 
 

A. No separate payment will be made for work performed under this Section. 
 

1.03 RELATED SECTIONS 
 

A. Section 16195 – Electrical Identification. 
 

1.04 REFERENCES 
 

A. American Society for Testing and Materials (ASTM). 
 
1. ASTM B3:  Soft or Annealed Copper Wires. 

 
2. ASTM B8:  Concentric-Lay-Stranded Copper Conductors, Hard, Medium Hard, Soft. 

 
3. ASTM B33:  Tinned Soft or Annealed Copper Wire for Electrical Purposes. 

 
B. Institute of Electrical and Electronics Engineers (IEEE), IEEE 383-2.5:  IEEE Standard 

for Type Test of Class IE Electric Cables, and Field Splices. 
 

C. Insulated Cable Engineers Association (ICEA). 
 

1. ICEA S-61-402:  Thermoplastic-Insulated Wire and Cable for the Transmission and 
Distribution of Electrical Energy (NEMA WC-5). 

 
2. ICEA S-66-524:  Cross-Linked-Thermosetting-Polyethylene-Insulated Wire and 

Cable for the Transmission and Distribution of Electrical Energy (NEMA WC-7). 
 

3. ICEA S-68-516:  Ethylene-Propylene-Rubber-Insulated Wire and Cable for the 
Transmission and Distribution of Electrical Energy (NEMA WC-8). 

 
D. Underwriters' Laboratories (UL). 

 
1. UL 44:  Rubber Insulated Wires and Cables. 

 
2. UL 83:  Thermoplastic Insulated Wire and Cables. 
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E. American National Standards Institute/National Fire Protection Association 

(ANSI/NFPA), NFPA No. 70 - National Electrical Code (NEC), Chapter No. 3 - Wiring 
Methods and Materials, Article 725 - Class 1, Class 2, and Class 3 Remote Control, 
Signaling, and Power-Limited Circuits. 

 
1.05 SUBMITTALS 

 
A. Submit the following under the provisions of Section 01330 – Submittal Procedures: 

 
1. Completed manufacturer's data sheets, cut sheets, and catalog data. 

 
2. Installation, terminating and splicing procedure (including bending radius and pulling 

tension data). 
 

3. Instruction for handling and storage. 
 

4. Dimensions and weight. 
 

1.06 QUALITY ASSURANCE 
 

A. Tests 
 

1. Cable shall be tested at the factory to confirm that the cable complies with 
requirements of ICEA Section 7.7.9 of S-66-524 or 7.5.9 of S-68-516. 

 
2. Where applicable, the cable shall meet the requirements of the vertical tray flame test 

as described in IEEE 383-2.5. 
 

1.07 DELIVERY, STORAGE AND HANDLING 
 

A. Ship cable on manufacturer's standard reel sizes unless otherwise specified.  Where cut 
lengths are specified, mark reel footage accordingly.  Each reel shall contain one 
continuous length of cable. Provide impact protection by wood lagging or suitable barrier 
across the traverse of the reel.  Provide moisture protection by manufacturer's standard 
procedure or heat shrinkable self-sealing end caps applied to both ends of the cable. 

 
 
PART 2: PRODUCTS 
 
2.01 MANUFACTURERS 
 

A. Alpha Wire Corporation 

B. Belden Division, Cooper Industries, Inc. 

C. Cablec Continental Cables Company 
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D. General Cable Company 

E. Houston Wire and Cable 

F. Manhattan Electric Cable Corporation 

G. Okonite Company 

H. Southwire Corporation 
 

2.02 MATERIALS AND EQUIPMENT 
 

A. Design.  Provide cable with the following design characteristics.  The cable shall consist 
of multiple conductors.  The cable assembly shall be UL listed, flame, oil and sunlight 
resistant, and certified for continuous operation in wet or dry locations while installed in 
underground duct or conduit. Each conductor shall be individually insulated.  Pairs and 
triads shall have conductors which are twisted together with a drain wire, shielded, and 
covered with a jacket.  Multi-pair/triad cables shall consist of the required number of 
electrically isolated, shielded pairs or triads, which are bundled together and covered by a 
PVC overall jacket. 

 
B. Conductors.  Provide conductors which are Class B, concentric stranded, annealed tinned 

copper whose physical and electrical properties comply with ASTM B3, B8 or B33. 
 

C. Insulation.  Each conductor shall have 600-volt PVC insulation.  The minimum insulation 
thickness shall not be less than 15 mils of PVC with a 4 mil nylon jacket with an overall 
90 degree C rating. 

 
D. Drain Wire.  Provide drain wire which is Class B, seven-stranded, tin-coated copper in 

accordance with ASTM B3, B8, or B33.  The drain wire shall not be less than two AWG 
sizes smaller than the insulated conductor's size, except for multiple pair triad drain 
wires, which shall not be less than the insulated conductor size. 

 
E. Shielding.  Provide shielding consisting of laminated, nonburning, mylar-backed 

aluminum tape applied helically around a twisted pair or triad with the aluminum side in 
continuous contact with the drain wire.  Wrap the tape around each twisted pair or triad 
with a 25 percent minimum overlap. 

 
F. Jacket.  The pair or triad outer jacket shall be a minimum of 45 mils of PVC. 

 
G. Conductor Identification.  Use individual conductors in single-pair and single-triad cables 

which are color coded black and white; and black, white and red, respectively. Multi-pair 
triad cables shall have one conductor in each pair or triad colored white, and all other 
conductors shall be color coded in sequence. 

 
H. Cable Marking.  Print cable marking information on the jacket of each cable at 2-foot 

intervals.  Use a permanent printing method with color sharply contrasting the jacket 
color. 
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2.03 TERMINATIONS 

 
A. Terminate instrument cables on terminal blocks in junction boxes, terminal cabinets 

control cabinets and in equipment.  Use insulated crimp type tin-plated copper terminals 
with locking fork ends (upturned leg ends) to terminate instrument cables on terminal 
blocks. 

 
B. Instrument cables shall not be spliced in underground pull boxes. 

 
2.04 CABLE IDENTIFICATION 

 
A. Provide cable tags for instrument cables as indicated in Specification Section 16195, 

Electrical Identification. 
 
 
PART 3: EXECUTION 
 
3.01 PREPARATION 

 
A. Complete cable raceway systems, underground duct banks and cable support systems 

before installing cables. 
 

B. Verify sizing of raceways and pullboxes to ensure proper accommodation for the cables. 
 

C. Check the length of the cable raceway system against the length of cable on the selected 
reel. 

 
D. Do not install or work on PVC insulated or jacketed cables in temperatures below 32 

degrees F. 
 

E. Clean conduits of foreign matter before cables are pulled. 
 

F. Provide at least 25 percent spare pairs or triads. 
 

3.02 INSTALLATION 
 

A. Cable in Conduit and Duct bank 
 

1. Install cables in accordance with the manufacturer's instructions and NEC Article 725 
- Class 1, Class 2, and Class 3 Remote Control, Signaling and Power Limited 
Circuits.  Do not exceed maximum wire tension, maximum insulation pressure and 
minimum bending radius. 

 
2. Pull cables into conduits using Polywater J lubricant to reduce friction.  Lubricants 

must not be harmful to the conductor insulation or cable jacket. 
 

B. Cable in Tray.  (Not Used) 
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C. Termination 

 
1. Do not splice conductors.  Use insulated crimp type tin-plated copper terminals with 

locking fork ends (upturned leg ends) to terminate cables to terminal blocks. 
 

2. For shielded control cable, terminate the shield and ground at one end only, 
preferably at the control panel end for instrument and communication cable and at the 
supply end for electronic power cables. 

 
3. Mark wiring on both ends with circuit numbers or loop tag numbers.  Heat shrink 

wire tags after wire terminals have been installed. 
 

D. Tests 
 

1. Before connecting the cables, test insulation integrity and conductor continuity. 
 

2. Use a 500 VDC megohms meter and perform the cable insulation test in accordance 
with the operating instructions. 

 
3. Termination.  After the 600-volt instrument cable has been tested with satisfactory 

results, the cable shall be terminated at both ends to the designated terminal points. 
 
 

END OF SECTION
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Section 16131 
 

DEVICE, PULL, JUNCTION AND TERMINAL BOXES 
 
 
PART 1: GENERAL 
 
1.01 SECTION INCLUDES 
 

A. Specifications for device, pull, and junction boxes. 
 

1.02 MEASUREMENT AND PAYMENT 
 

A. No separate payment will be made for work performed under this Section.  
 

1.03 RELATED SECTIONS 
 

A. Specification 16195, Electrical Identification.  
 

1.04 REFERENCES 
 

A. American National Standards Institute/National Electrical Manufacturers Association 
(ANSI/NEMA). 

 
1. FB1 - Fittings and Support for Conduits and Cable Assemblies 

 
2. 250 - Enclosures for Electrical Equipment (1000 volts maximum) 

 
B. American National Standards Institute/National Fire Protection Association 

(ANSI/NFPA), NFPA70 - National Electrical Code (NEC) - Article 370 - Outlet Device, 
Pull and Junction Boxes, Conduit Bodies and Fittings. 

 
C. Underwriters Laboratories (UL): 

 
1. 50 - Safety Cabinets and Boxes 

 
2. 508 - Safety Industrial Control Equipment 

 
3. 514B - Safety Fittings for Conduit and Outlet Boxes 

 
4. 886 - Safety Outlet Boxes and Fittings for Use in Hazardous Areas 
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1.05 SUBMITTALS 
 

A. Submit the following under provisions of Section 01330 – Submittal Procedures: 
 

1. Manufacturer's cut sheets, catalog data 
 

2. Instruction for handling and storage 
 

3. Installation instructions 
 

4. Dimensions and weights 
 

1.06 DELIVERY, STORAGE AND HANDLING 
 

A. Pack and crate boxes to permit ease of handling and to provide protection from damage 
during shipping, handling and storage. 

 
 
PART 2: PRODUCTS 
 
2.01 ACCEPTABLE MANUFACTURERS 
 

A. Stainless Steel Boxes 
 

1. Hoffman Industrial Products 
 

2. Pauluhn Electric Manufacturing Company 
 

3. Hennessy 
 

4. Tanco 
 

5. Tejas 
 

6. Circle A.W. 
 

B. Cast Device Boxes 
 

1. Appleton Electric Company 
 

2. Crouse-Hinds, Division of Cooper Industries 
 

3. Killark Electric Manufacturing Company 
 

2.02 MATERIALS AND EQUIPMENT 
 



New / Replacement of Water Well – D203 Water Well No. 3 DEVICE, PULL, JUNCTION 
WBS No. S-000100-0019-3 AND TERMINAL BOXES 
 
 
 

 16131-3 

A. Pull, Junction and Terminal Boxes 
 

1. Provide UL-approved junction boxes and pull boxes manufactured from Type 316 
stainless steel sheet metal and meeting requirements of NEMA 4X for corrosive and 
wet area, NEMA 250 and NEC Article 370. 

 
2. Provide boxes with a Type 316 stainless steel continuous hinge, closure hasps and all- 

stainless steel hardware. 
 

3. Furnish the door with neoprene gasket and provision for padlock. 
 

B. Device Boxes 
 

1. Provide UL-approved boxes designed and manufactured to house electrical devices 
like receptacles and switches, and in conformance with NEMA FB1 and NEC Article 
370. 

 
2. Supply boxes that are cast aluminum or 316 stainless steel, suitable for corrosive and 

wet atmosphere. 
 

C. Hardware for all Boxes 
 

1. Mounting Hardware:  Type 316 Stainless steel 
 

2. Conduit Connectors:  Watertight as manufactured by Myers Hubs, or equal. 
 
 
PART 3: EXECUTION 
 
3.01 PREPARATION 

 
A. Review the Contract Drawings and provide the proper type boxes. 

 
3.02 INSTALLATION 

 
A. Boxes described in this specification shall be used both in dry and wet, corrosive areas, 

both inside and outside locations. 
 

B. Install boxes in accordance with NEC Article 370 in locations indicated on the Contract 
Drawings. 

 
C. Install junction and pull boxes in readily accessible places to facilitate wire pulls, 

maintenance and repair. 
 

D. Plug unused conduit openings. 
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E. Make conduit connections to sheet metal boxes with watertight conduit connectors. 
 
 

END OF SECTION 
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Section 16140 
 

WIRING DEVICES 
 
 
PART 1: GENERAL 
 
1.01 SECTION INCLUDES 
 

A. Specifications for wiring devices including: 
 

1. Receptacles 
 

2. Wall switches. 
 

3. Wall plates and cover plates. 
 

1.02 MEASUREMENT AND PAYMENT 
 

A. No separate payment will be made for work performed under this Section. 
 

1.03 RELATED SECTIONS 
 

A. Specification 16195, Electrical Identification.  
 

1.04 REFERENCES 
 

A. American National Standards Institute/National Electrical Manufacturers Association 
(ANSI/NEMA): 

 
1. NEMA WD1 - General Purpose Wiring Devices. 

 
2. NEMA WD6 - Dimensional Requirements. 

 
B. Federal Specifications (WC-596F). 

 
C. American National Standards Institute/National Fire Protection Association (NFPA): 

 
1. NFPA No. 70 - National Electrical Code (NEC), Articles 210 Branch Circuits, 250 

Grounding and 410, Paragraphs 56, 57 and 58. 
 

1.05 SUBMITTALS 
 

A. Submit the following under provisions of Section 01330 - Submittal Procedures: 
 

1. Product Data:  Manufacturer's product literature and specifications including 
dimensions, weights, certifications and instructions for handling, storage and 
installation. 
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1.06 DELIVERY, STORAGE AND HANDLING 

 
A. Pack and crate devices to permit ease of handling and protect from damage during 

shipping, handling and storage. 
 
 
PART 2: PRODUCTS 
 
2.01 ACCEPTABLE MANUFACTURERS 
 

A. Hubbel Inc. Wiring Devices Division 
 

B. Pass & Seymour/Legrand. 
 

C. TayMac Corporation 
 

2.02 MATERIALS AND EQUIPMENT 
 

A. Standards:  Conform to NEMA WD1 for general requirements and NEMA WD6 for 
dimensional requirements. 

 
B. Manufacture devices to heavy-duty industrial specification grade with brown nylon 

bodies back and side wiring provisions and green-colored grounding screws. 
 

C. Receptacles: 
 

1. Duplex-type extra heavy duty receptacles:  Rated 20 amps at 120 volts.  
 

2. Contacts:  Brass or phosphor bronze. 
 

3. Receptacle grounding system:  Extend to the mounting strap unless isolated ground is 
indicated or required. 

 
4. GFI or GFCI (ground fault circuit interrupter) receptacles:  Provide feed-through type 

with test and reset button. 
 

D. Wall Switches: 
 

1. Toggle switches:  Rated 20 amps at 120/277 volts AC rated for both resistive and 
inductive loads. 

 
2. Contacts:  Silver cadmium oxide construction to prevent sticking, welding and 

excessive pitting. 
 

E. Cover Plates: 
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1. In outdoor, corrosive and wet areas, provide cover plates of cast metal, gasketed with 
spring-loaded hinged covers and stainless steel hardware. 

 
2. In indoor industrial areas, provide cast aluminum cover plates.   

 
3. In indoor finished areas, provide Type 302 stainless steel cover plates. 

 
 
PART 3: EXECUTION 
 
3.01 PREPARATION 

 
A. Verify that device boxes are correctly placed. 

 
B. Verify that the correct quantity, size and type of wires are pulled to each device box. 

 
C. Verify that wiring has been checked at both ends. 

 
D. Prepare wire ends for connection to devices. 

 
E. Inspect each wiring device for defects. 

 
3.02 INSTALLATION 

 
A. Install products in accordance with manufacturer's instructions. 

 
B. Install devices plumb and level. 

 
C. Install switches with OFF position down. 

 
D. Install receptacles with grounding pole on top. 

 
E. Connect wiring device grounding terminal to outlet box with bonding jumper. 

 
F. Connect wiring devices by wrapping conductors clockwise around screw terminals. 

 
G. Install cover plates on switch, receptacle and blank outlets in finished areas. 

 
H. Energize and test devices for proper operation. 

 
 

END OF SECTION 
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Section 16161 
 

PANELBOARDS 
 
 
PART 1: GENERAL 
 
1.01 SECTION INCLUDES 
 

A. Specifications for panelboards. 
 

1.02 MEASUREMENT AND PAYMENT 
 

A. No separate payment will be made for work performed under this Section. 
 

1.03 RELATED SECTIONS 
 

A. Specification 16195, Electrical Identification.  
 

1.04 REFERENCES 
 

A. American National Standards Institute/National Electrical Manufacturers Association 
(ANSI/NEMA) 

 
1. NEMA AB1:  Molded Case Circuit Breakers 

 
2. NEMA PB1:  Panelboards 

 
3. NEMA PB1.1:  Instruction for Safe Installation Operation and Maintenance of 

Panelboards rated 600 volts or less. 
 

4. NEMA PB1.2:  Application Guide for Ground-fault Protective Devices for 
Equipment 

 
B. Federal Specifications, FS W-C-375A:  Circuit Breakers, Molded Case, Branch Circuit 

and Service. 
 

C. American National Standards Institute/National Fire Protection Association 
(ANSI/NFPA), NFPA No. 70 - National Electrical Code (NEC), Article 384 - 
Switchboards and Panelboards. 

 
1.05 SUBMITTALS 

 
A. Submit the following under provisions of Section 01330 – Submittal Procedures: 

 
1. Manufacturer's cut sheets and catalog data 

 
2. Breaker arrangement 
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3. Breaker characteristic curves 

 
4. Instruction for handling and storage 

 
5. Installation instructions 

 
6. Dimensions and weights 

 
1.06 DELIVERY, STORAGE AND HANDLING 

 
A. Have panelboards packed and crated to permit ease of handling and to provide protection 

from damage during shipping, handling and storage. 
 

B. Contractor shall store panelboards in a dry environment and protect panelboards from 
moisture during construction. 

 
 
PART 2: PRODUCTS 
 
2.01 ACCEPTABLE MANUFACTURERS 
 

A. Cutler-Hammer  
 

B. Square D Company 
 

2.02 MATERIALS AND EQUIPMENT 
 

A. Basic Requirements 
 

1. Use panelboards manufactured and tested in accordance with NEMA PB 1. 
 

2. 125VDC rated fused switch panelboards are described in the drawings and are 
required.  

 
3. Provide circuit breakers of industrial grade, manufactured and tested in accordance 

with NEMA AB 1 and Federal Specification FS W-C-375. 
 

4. Do not exceed 42 available single pole branch circuits in any one panelboard. 
 

B. Rating 
 

1. Voltage rating, current rating, number of phases, number of wires and number of 
poles are indicated on Contract Drawings. 

 
2. Branch circuit breaker interrupting capacity shall be minimum 10,000 ampere RMS 

symmetrical for 208V, and 240V; 25,000 ampere RMS symmetrical for 277V and 
480V.  
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C. Circuit Breakers:  Molded case, bolt-on thermal magnetic type with number of poles and 

trip ratings as shown on the Contract Drawings.  Provide ground fault interrupters with 
trip rating where shown on the Contract Drawings. 

 
D. Bus System 

 
1. Bus Bars:  98 percent conductivity copper.  Provide a solid neutral bar in 4-wire 

panelboards.  Include ground bus in all panels.  Provide split-bus panels where shown 
on Contract Drawings. 

 
2. Main:  Circuit breaker or main lugs only as indicated on the Contract Drawings or as 

required to meet the current interrupting ratings. 
 

E. Box and Trim 
 

1. Construction:  Code grade steel, ample gutter space, flush door, flush snap latch and 
lock. 

 
2. Trim:  Surface or flush as required.  Enclose panelboards located outdoors, or in other 

wet and corrosive areas in NEMA 4X weatherproof Type 316 stainless steel 
enclosures.  Enclose indoor panelboards in a NEMA 1 enclosure with manufacturer's 
standard gray enamel finish. 

 
3. Directory:  Typed card, with glass cover in frame on back of door giving the circuit 

numbers and the area or equipment served. 
 

F. Conduit Connectors:  Watertight as manufactured by Myers Hubs, or equal. 
 
 
 
 
PART 3: EXECUTION 
 
3.01 PREPARATION 

 
A. Review Drawings to verify that panelboards are correct for the application. 

 
3.02 INSTALLATION 

 
A. Install the panelboard in accordance with NEMA PB 1.1 and NEC Article 384. 

 
B. Mount panelboards 6'-0" (to top of cabinet) above finished floor or grade. 

 
C. In wet and corrosive areas, including outdoor locations, install panel enclosures on 

spacers to provide approximately 1/4-inch between back of cabinet and mounting surface. 
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D. In wet and corrosive areas, including outdoor locations, connect conduit to the bottom of 
enclosure and to the lower 30 percent of the sides using watertight connectors. 

 
 

END OF SECTION 
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Section 16170 
 

GROUNDING AND BONDING 
 
 
PART 1: GENERAL 
 
1.01 SECTION INCLUDES 
 

A. Grounding electrodes and conductors 
 

B. Equipment grounding conductors 
 

C. Bonding 
 

D. Power system grounding 
 

E. Communication system grounding 
 

F. Electrical equipment and raceway grounding and bonding 
 

G. Control equipment grounding 
 

1.02 MEASUREMENT AND PAYMENT 
 

A. No separate payment will be made for work performed under this Section. 
 

1.03 RELATED SECTIONS 
 

A. Specification 16195, Electrical Identification.  
 

1.04 REFERENCES 
 

A. American Society for Testing and Materials (ASTM) 
 

1. ASTM B3:  Soft or Annealed Copper Wires 
 

2. ASTM B8:  Concentric-Lay-Stranded Copper Conductors, Hard, Medium Hard, Soft 
 

3. ASTM B33:  Tinned Soft or Annealed Copper Wire for Electrical Purposes 
 

B. Institute of Electrical and Electronics Engineers (IEEE) 
 

1. IEEE 142-82:  Recommended Practice for Grounding of Industrial and Commercial 
Power Systems 
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2. IEEE 383-2.5:  IEEE Standard for Type Test of Class IE Electric Cables, Field 
Splices, and Connections for Nuclear Power Generating Stations. 

 
C. Underwriters' Laboratories (UL) 

 
1. UL 83:  Thermoplastic Insulated Wire and Cables 

 
2. UL 467:  Grounding and Bonding Equipment 

 
D. National Fire Protection Association (NFPA), NFPA No. 70 - National Electrical Code 

(NEC), Article No. 250 - Grounding. 
 

1.05 SUBMITTALS 
 

A. Submit the following under the provisions of Section 01330 – Submittal Procedures: 
 

1. Manufacturer's cut sheets and catalog data 
 

2. Installation, terminating and splicing procedure 
 

3. Instruction for handling and storage 
 

4. Dimensions and weight 
 

1.06 QUALITY ASSURANCE 
 

A. Tests 
 

1. Use insulated cable conforming to requirements of the vertical tray flame test as 
described in IEEE 383-2.5. 

 
2. Test grounding system in the field in accordance with procedures outlined in Part 3 - 

Execution. 
 

1.07 DELIVERY, STORAGE AND HANDLING 
 

A. Ship grounding cable on manufacturer's standard reel sizes unless otherwise specified. 
Where cut lengths are specified, mark reel footage accordingly.  Each reel shall contain 
one continuous length of cable. 

 
B. Provide impact protection by wood lagging or suitable barrier across the traverse of the 

reel.  Pack and crate other materials specified to withstand normal abuse during shipping, 
handling and storage. 

 
 
PART 2: PRODUCTS 
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2.01 ACCEPTABLE MANUFACTURERS 
 

A. Cable 
 

1. American Insulated Wire Company 
 

2. Cablec Continental Cables Company 
 

3. General Cable Company 
 

4. Okonite Company 
 

5. Pirelli Cable Corporation 
 

6. Rome Cable Corporation 
 

7. Triangle Wire and Cable, Inc. 
 

8. Southwire Corp 
 

B. Ground Rods and Connectors: 
 

1. Blackburn 
 

2. Copperweld 
 

3. Thomas & Betts 
 

C. Exothermic Connections: 
 

1. Burndy Corporation (Therm-O-Weld) 
 

2. Erico Products (Cadweld) 
 

D. Grounding Connectors: 
 

1. Burndy Corporation 
 

2. O.Z. Gedney 
 

3. Thomas & Betts 
 

2.02 MATERIALS AND EQUIPMENT 
 

A. Design.  Provide grounding cable and materials with the following characteristics: 
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1. Use a grounding system designed in accordance with NEC Article No. 250 - 
Grounding, and the IEEE 142-2007 - Recommended Practice for Grounding of 
Industrial and Commercial Power Systems. Outdoor aluminuim lugs and connectors 
are not allowed. 

 
B. Materials 

 
1. Use grounding conductors, bare or insulated, which are manufactured and tested in 

accordance with applicable standards ASTM B3, ASTM B8 and ASTM B33.  
 

2. Provide a main ground system of No. 4/0 AWG, Class C stranded, bare copper cable.  
Generally, taps shall be sized as follows: 

a. Main ground loop or grid  #4/0 minimum 

b. Switchgear, motor control 
centers and power transformers #4/0 

c. Motors 200 hp and above #4/0 

d. Power panels - AC and DC #2/0 

e. Control panels and consoles #2 

f. Building columns #4/0 

g. Fencing posts #2/0 
 

C. Where single conductor insulated grounding conductors are called for, use 600 volt 
insulation.  Use ground conductors identified with green insulation or green tape 
marking. 

 
D. Supply identifying ribbon which is PVC tape, 3 inches wide, red color, permanently 

imprinted with "CAUTION BURIED ELECTRIC LINE BELOW" in black letters as 
specified in Section 16195, Electrical Identification. 

 
E. Utilize flexible copper braid across hinged chain link or fence gates to bond the movable 

portion to the grounded fence post. 
 
 
PART 3: EXECUTION 
 
3.01 REPARATION 

 
A. Complete site preparation and soil compaction before trenching and driving ground rods 

for the underground grid. 
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B. Verify from Contract Drawings the exact location of stub-up points for grounding of 
equipment, fences and building or steel structures. 

 
3.02 CONSTRUCTION CRITERIA 

 
A. Local pushbutton and selector switch stations, two-wire control devices, disconnect 

switches, lighting transformers, panelboards, operator panels, benchboards, and the 
enclosures of other electrical apparatus shall be grounded through an equipment 
grounding conductor run with the power supply or control circuit conductors or shall be 
grounded as shown on the Contract Drawings. 

 
B. Ground all three phase motors, in addition to the grounding conductors in the motor 

feeder, with a separate No. 4/0 AWG cable to motor frame. 
 

C. Motors having power supplied by multiconductor cable shall be grounded by a separate 
grounding conductor in the cable and where supplied by single conductor cable in 
conduit by a grounding conductor pulled in the conduit.  Connect ground conductors to 
the ground bus in the motor control center and to the ground terminal provided in the 
motor conduit box. 

 
D. Do not ground the insulated bearing pedestals of large motors. 

 
E. Connect ladder-type cable trays to the grounding electrode system.  Use 4/0 AWG 

grounding conductor in power cable tray and #2 AWG in instrument and control cable 
trays.  Provide NEC and U.L.-approved ground clamps. 

 
F. All conduits must contain an equipment grounding conductor of at least one #12 AWG. 

 
3.03 INSTALLATION 

 
A. Equipment Grounding 

 
1. Make grounding connections to surfaces which are dry and cleaned of paint, rust, 

oxides, scales, grease and dirt to ensure good conductivity.  Clean copper and 
galvanized steel to remove oxide before making welds or connections. 

 
2. Use the exothermic welding process for below-grade grounding connections, except 

at ground rods.   Use mechanical connectors or thermal connections for above-grade 
grounding connections as shown on the Contract Drawings. 

 
3. Make grounding connections to electrical equipment, vessels, mechanical equipment 

and ground rods in accordance with the Contract Drawings. 
 

4. Ground tanks and vessels by making connections to integral structural supports or to 
existing grounding lugs or pads, and not to the body of the tank or vessel. 
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5. Leave ground connections to equipment visible for inspection.  Protect this type 
connection with PVC non-metallic conduit. 

 
6. Make connections to motor frames and ground buses with lugs attached to the 

equipment by means of bolts.  Do not use motor anchor bolts or equipment housing 
for fastening lugs of grounding cable. 

 
7. Where the wiring for lighting systems consists of single conductor cables in conduit, 

provide each conduit with an equipment grounding conductor. Use a grounding 
conductor with green colored insulation and ground equipment in the lighting system. 

 
B. Raceway and Support Systems Grounding 

 
1. Install raceway, cable rack or tray and conduit so that it is bonded together and 

permanently grounded to the equipment ground bus, according to the Contract 
Drawings.  Connection to conduit may be grounding bushing or ground clamp. 

 
2. Install raceway at low voltage motor control centers or other low voltage control 

equipment so that it is bonded and grounded, except that any conduit which is 
effectively grounded to the sheet metal enclosure by bonding bushing or hubs need 
not be otherwise bonded. 

 
3. Where a grounding conductor is run in or on a cable tray, bond the grounding 

conductor to each section of cable tray with a cable tray ground clamp. 
 

4. Where only grounding conductor is installed in a metal conduit, bond both ends of the 
conduit to the grounding conductor. 

 
5. Provide flexible "jumpers" around raceway expansion joints.  Use copper bonding 

straps for steel conduit.  Install jumpers across cable tray joints which have been 
parted to allow for expansion and any hinged cable tray connections. 

 
C. Fences and Gates. (Not Used) 

 
D. Power System Grounding 

 
1. Solidly ground the secondary neutral of transformers to the ground grid.or ground rod 

as shown. 
 

2. Solidly ground the neutral of lighting, instrument and control transformers. 
 

E. Cable Armor and Shields 
 

1. For shielded control cable, terminate and ground the shield at one end only, 
preferably at the control panel end for instrument and communication cable and at the 
supply end for electronic power cables. Maintain shield continuity by jumpering the 
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ground shield across connection point where it is broken at junction boxes, or other 
splice points.  Insulate these points from ground. 

 
2. Connect the ground wire in power cable assemblies at each terminal point to a ground 

bus, if available, or to the equipment enclosure.  Do not carry these ground wires 
through a "doughnut" current transformer (CT) used for ground fault relaying; do 
carry ground leads from stress cones through CTs.  Ground power cable armor and 
shield at each terminal point. 

 
F. Test 

 
1. Perform ground resistance tests after underground installation and connections to 

building steel are complete, unless otherwise noted on applicable Contract Drawings. 
 

2. Make tests at each ground test well using a "fall of potential" test method. Each 
ground test well shall not exceed a maximum resistance of 5 ohms. Where measured 
values exceed this figure, install additional ground rods as required to reduce the 
resistance to the specified limit. 

 
G. Inspection.  Inspection of the grounding system by the City Engineer and the local Code 

Inspector must take place before the grid trenches are backfilled. 
 
 

END OF SECTION
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Section 16195 
 

ELECTRICAL IDENTIFICATION 
 
 
PART 1: GENERAL 
 
1.01 SECTION INCLUDES 
 

A. Specification for electrical identification including: 
 

1. Nameplates and labels 
 

2. Wire and cable markers 
 

3. Conduit markers 
 

4. Cable tray markers 
 

5. Underground warning tape 
 

6. Warning labels 
 

1.02 MEASUREMENT AND PAYMENT 
 

A. No separate payment will be made for work performed under this Section. 
 

1.03 REFERENCES 
 

A. American National Standards Institute/National Fire Protection Association 
(ANSI/NFPA) 

 
1. No. 70 - National Electrical Code (NEC) 

 
a. Article 110 - Requirements for Electrical Installation 

 
b. Article 430 - Transformers and Transformer Vaults 

 
B. City of Houston Building Code. 

 
C. Other applicable Codes and Standards as referenced in other Sections. 

 
D. Underwriters Laboratories.  U.L. Standards No. 224 - Extruded Insulated Tubing 

 
1.04 SUBMITTALS 

 
A. Submit the following under the provisions of Section 01330 – Procedures: 
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1. Manufacturer's cut sheets and catalog data 

 
2. Description of materials used 

 
3. Label or nameplate dimensions 

 
4. Engraving or imprint legends 

 
5. Instruction for handling and storage 

 
6. Installation instructions 

 
1.05 DELIVERY, STORAGE AND HANDLING 

 
A. Pack materials to permit ease of handling and to provide protection from damage during 

shipping, handling and storage. 
 
 
PART 2: PRODUCTS 
 
2.01 ACCEPTABLE MANUFACTURERS 
 

A. Almetek Industries Incorporated 
 

B. Brady U.S.A. Incorporated 
 

C. Ideal Electric Company 
 

D. Raychem Corporation 
 

E. 3M Electrical Products Division 
 

F. Thomas & Betts 
 

G. Tyton Corporation 
 

2.02 MATERIALS AND EQUIPMENT 
 

A. Nameplates and Labels 
 

1. Provide an identification nameplate for each item of electrical equipment engraved 
with the equipment name.  Use the description shown on the Contract Drawings. 

 
2. For nameplates, use 3-ply phenolic material engraved to show black lettering on a 

white background.  Size the nameplates approximately 1 inch wide and 3 inches long 
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for 3 lines of 3/16 inch - 16 letters with a 0.8 condensed factor.  Attach nameplates 
with stainless steel screws. 

 
3. Generally, provide large pieces of equipment with engraved nameplates; provide 

additional nameplates at pushbuttons and other local devices.  Provide identification 
for all other electrical equipment, device or enclosure not furnished with readily 
noticeable tag, nameplates or other means of identification. 

 
4. Install nameplates on the front cover of transformers stating the transformer service 

location number or identification number, the panelboard or device served, and main 
breaker feeding the transformer (MCC No.), and the drawing number on which the 
transformer schematic is shown. 

 
5. Furnish equipment, such as motor starters, safety switches, welding receptacles and 

circuit breakers, with 1" x 3" plastic nameplates stating description of item served. 
 

6. Provide nameplates for motors giving the driven equipment description, and MCC the 
number.  Nameplates shall be mounted adjacent to motors. 

 
7. Install nameplates on the outside and inside of doors to circuit breaker panelboards 

(i.e., lighting, instrument or receptacle panels).  State the panelboard name, the 
drawing number on which the panelboard schedule shows, and the main breaker 
feeding the panel (MCC No. or Power Panel name). 

 
8. Type panelboard directories and insert them inside panelboard doors. 

 
9. Place a large nameplate approximately 3"x5" on control panels, relay panels, junction 

boxes and similar enclosures with electrical devices mounted inside.  The large 
nameplates shall identify the enclosure. 

 
10. Provide a nameplate on MCC motor starter doors duplicating motor nameplate data. 

 
11. Provide warning label on front and inside actuator controllers in accordance with 

NEC. Identify controller as having two (2) sources of electric power if such is the 
case. 

 
B. Wire and Cable for Control Wiring 

 
1. Use pre-printed tubular heat-shrink type wire and cable tags.  Place a tag at each end 

of each wire and cable for all control wiring. 
 

2. Select tags manufactured so that the heat-shrink process makes the imprint permanent 
and solvent-resistant. 

 
3. Use tags that are self-extinguishing, conforming to U.L. Standard No. 224 for print 

performance, heat shock and flammability. 
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4. Provide tag material that is flexible, radiation cross-linked polyolefin with 3 to 1 
shrink ratio, rated 600 volts, and white in color. 

 
5. Cable in cable tray shall be marked at each end and at every cable tray drop out to a 

motor, control panel, or switchgear. 
 

C. Conduit Tags 
 

1. Provide conduit tags made of stainless steel, approximately 2 inches x 1 inch x 19 
gage. 

 
2. Stamp the conduit number or conduit identification on the tag. 

 
3. Punch tags for tie fasteners.  Fasten tags to the conduits with stainless steel braided 

wire. 
 

D. Underground Warning Tape 
 

1. Provide detectable warning tape made of 4 mil thick polyolefin film, 3 inches wide, 
suitable for direct burial and resistant to alkalis, acids and other common soil 
substances. 

 
2. Use red tape with black legend printed in permanent ink. 

 
E. Warning Labels 

 
1. Place OSHA safety labels on enclosures and boxes 100 cubic inches or more 

containing electrical equipment or terminations. 
 

2. Provide OSHA color codes for the labels.  Use labels made from 4 mil vinyl with 
pressure sensitive adhesive backing. 

 
3. The warning label caption is DANGER - 480 VOLTS for 480 volt systems.  For 

voltages higher than 600 volts, provide warning labels with “DANGER - HIGH 
VOLTAGE - KEEP OUT”. 

 
4. Labels shall be 5 inches x 3-1/2 inches for small equipment and 10 inches x 7 inches 

for large equipment and electrical room doors. 
 
 
PART 3: EXECUTION 
 
3.01 PREPARATION 

 
A. Degrease and clean surfaces where adhesive labels will be applied. 

 
B. Drill holes for nameplates to be fastened with stainless screws. 
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C. Prepare the cable ends for termination and conductor markings. 

 
D. Identify conduits at terminating points and select conduit tag marking as indicated on the 

Contract Drawings. 
 

3.02 INSTALLATION 
 

A. Install nameplates and labels in accordance with the manufacturer's instructions and the 
Contract Drawings. 

 
B. Apply wire and cable tags in accordance with manufacturer's instructions using a heat 

gun with properly sized nozzle for the application.  Tag the wires and cables at both ends. 
 

C. Tag conduits at junction boxes, pull boxes control panels, transformers, switchgear and 
similar location and at other termination points. 

 
D. Identify cable trays at the time of installation with the alphanumeric number shown on 

the Contract Drawings.  Label cable trays on the outside rail. 
 

E. Place the tray identifier at each point where the tray designation changes and at 200 foot 
intervals in between, but not less than two per run. 

 
F. Identify underground conduits, cables or duct banks using the underground delectable 

warning tape.  The underground grounding grid, including laterals, shall be identified 
with underground delectable warning tape.  Install one tape per trench at 12 inches below 
grade or as indicated on the Contract Drawings.  For wide trenches or duct banks, install 
one warning tape per 18-inch width. 

 
G. Apply the 5 inch by 3-1/2 inches warning labels to disconnect switches, panelboards, 

terminal boxes, and similar devices in accordance with manufacturer's instruction and the 
Contract Drawings.  Apply the 10 inch x 7 inch warning labels to larger control panel 
enclosures, motor control centers and to entrance doors to rooms containing electrical 
power and control equipment. 

 
 

END OF SECTION 
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Section 16402 
 

UNDERGROUND DUCT BANKS 
 
 
PART 1: GENERAL 
 
1.01 SECTION INCLUDES 
  

A. Underground electrical duct banks. 
 

1.02 MEASUREMENT AND PAYMENT 
 

A. No separate payment will be provided for work performed under this Section. 
 

B. Refer to Section 01270 – Measurement and Payment. 
 

1.03 RELATED WORK 
 

A. Section 16111 – Conduit, Fittings and Bodies. 
 

B. Section 16195 – Electrical Identification. 
 

1.04 REFERENCES 
 

A. National Fire Protection Association (NFPA):  No. 70 - National Electrical Code (NEC) 
Appendix B. 

 
1.05 SUBMITTALS 

 
A. Catalog cut sheets of the ducts and spacers. 

 
1.06 DELIVERY, STORAGE AND HANDLING 

 
A. Have duct spacers and associated hardware packed and crated to avoid damage during 

shipment and handling. 
 

B. Clearly mark packages or crates stating that the material is for electrical duct banks only. 
 

1.07 DEFINITION 
 

A. A duct bank is one or more electrical conduits grouped together and surrounded by a 
common encasement of concrete. 

 
 
PART 2: PRODUCTS 
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2.01 ACCEPTABLE MANUFACTURERS 
 

A. Thomas and Betts. 
 

B. Underground Devices Inc. 
 

C. Walker Division, Butler Manufacturing Company. 
 

2.02 MATERIALS AND EQUIPMENT 
 

A. Conduit.  Construct ducts using Schedule 40 rigid PVC conduit for straight horizontal 
runs and for bends less than 15 degrees.  For horizontal bends 15 degrees and greater and 
all stub-ups, use epoxy fiberglass conduit.  Refer to Section 16111 - Conduit, Fittings and 
Bodies for additional requirements. 

 
B. Spacers.  Secure conduit with non-magnetic, universal, interlocking-type spacers for both 

horizontal and vertical duct arrangements. 
 

C. Concrete.  Use Grade 40 steel reinforced, Class A red concrete as duct encasement.  
Single conduit duct banks do not require steel reinforcement, but do require Class A red 
concrete encasement.  Refer to Section 03315 – Concrete for Utility Construction. 

 
 
PART 3: EXECUTION 
 
3.01 PREPARATION 

 
A. Verify from Contract Drawings and field survey that the location of duct banks does not 

interfere with any existing or new underground facilities. 
 

B. Verify that materials are on site in proper condition and that sufficient quantity is on hand 
for the work. 

 
C. Verify that trenches are in the correct places and prepared with sufficient depth and width 

to accommodate the duct banks, reinforcing rod, and concrete. 
 

D. Be prepared for inspection of the duct banks before reinforcing rod is installed. 
 

E. Before pouring concrete, verify that the ducts are free of debris and properly installed in 
the support and spacer systems and that the ducts are properly fitted together and firmly 
held in place by the hold down hardware. 

 
F. Provide 24-hour notice to City Engineer and the Local Code Inspector for cover-up 

inspection before pouring electrical conduit ductbanks. 
 

3.02 INSTALLATION 
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A. Use the size conduit indicated on the Contract Drawings for the various duct banks 
required for the project.  Conduit type is indicated in Section 16111 – Conduit, Fittings 
and Bodies.  Install duct banks in accordance with the “Typical Duct Bank Installation” 
details in the Contract Documents. 
 

B. Provide 12 inch minimum spacing between Instrumentation ducts containing low voltage 
(below 50VAC) or signal (4-20ma and 0-10V) conductors and ducts containing power or 
control voltages (120VAC and above).    

 
C. Make duct bank installations and penetrations through foundation walls watertight. 

 
D. Assemble duct banks using non-magnetic saddles, spacers and separators.  Position 

separators to provide 2-inch minimum concrete separation between the outer surfaces of 
the conduits. 

 
E. Provide a 3-inch minimum structural concrete covering on both sides, top and bottom of 

concrete envelopes around conduits.  Add red dye at the rate of 10 pounds per cubic yard 
to concrete used for envelopes for easy identification during subsequent excavation.  
Refer to Section 03800 – Concrete Electrical Raceway Encasement. 

 
F. Firmly fix ducts in place during pouring of concrete.  Carefully spade and vibrate the 

concrete to ensure filling of spaces between ducts. 
 

G. Make bends with sweeps of radius not less than 12 times the smallest diameter of the 
raceway. 

 
H. Make a transition from Schedule 40 PVC to epoxy fiberglass conduit where duct banks 

enter structures or turn upward for continuation above grade.  Transition from PVC riser 
or fiberglass 90 degree elbow to above ground conduit shall be concrete encased.  

 
I. Make bends of 15 degrees or more using epoxy fiberglass conduit. 

 
J. Reinforce all duct banks with two or more ducts.  Single conduit duct banks do not 

require steel reinforcement. 
 

1. Unless otherwise noted on the Contract Drawings, reinforce with No. 5 longitudinal 
steel bars placed at each corner and along each face at a maximum parallel spacing of 
12 inches on centers, and No. 4 stirrups transversely placed at 36-inch maximum 
longitudinal intervals. 

 
2. Maintain a maximum clearance of 2 inches from bars to the edge of the concrete 

encasement. 
 

K. Where ducts enter structures such as handholes, manholes, pull boxes, or buildings, 
terminate the ducts in suitable end bells, insulated L-bushings, Meyers hubs or couplings 
on steel conduits.  Tag conduit entering pull boxes and manholes with stamped, stainless 



New / Replacement of Water Well – D203 Water Well No. 3  
WBS No. S-000100-0019-3 UNDERGROUND DUCT BANKS 
 
 

 16402-4 

steel tags.  Identify as designated in cable and conduit schedule or on the plans in the 
Contract Drawings. 

 
L. Do not backfill with material containing large rock, paving materials, cinders, large or 

sharply angular substances, corrosive material, or other materials which can damage or 
contribute to corrosion of ducts or prevent adequate compaction of fill. 

 
M. Install a bare stranded 4/0 copper duct bank ground in each duct bank envelope where a 

duct contains a circuit above 200 Amp or Voltage exceeds 600.  Make ground electrically 
continuous with the source and destination grounding provision.  Connect duct bank 
ground to manhole ground ring, where applicable, switchgear ground bus (if available) or 
equipment support frame if no bus exist. 

 
N. After completion of the duct bank and prior to pulling cable, pull a mandrel, not less than 

12 inches long and with a cross section approximately one-fourth inch less than the inside 
cross section of the duct, through each duct.  Then pull a rag swab or sponge through to 
remove any particles of earth, sand or gravel that may have been left in the duct.  Re-pull 
the rag or sponge swab until the swab emerges clean. 

 
O. Use hemp rope to pull conductors into PVC conduit.  Do not use nylon or wire cable for 

this purpose. 
 

P. Install a warning ribbon approximately 12 inches below finished grade over underground 
duct banks.   Refer to Section 16195 - Electrical Identification. 

 
Q. For manholes and pull boxes below grade, install a non-metallic cable rack system to 

support cables properly around the perimeter of the manholes or pull box.  Cables shall 
be supported on a maximum of 18 inch spacing and shall not be allowed to contact 
manhole or pull box bottom surface. 

 
 

END OF SECTION 
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Section 16460 
 

TRANSFORMERS 600 VOLTS AND LESS 
 
 
PART 1: GENERAL 
 
1.01 SUMMARY 
 

A. Section Includes: 
 

1. General purpose, dry type transformers. 
 

2. Drive isolation transformers. 
 

3. Control and signal transformers. 
 

1.02 MEASUREMENT AND PAYMENT 
 

A. No separate payment will be made for work performed under this Section. 
 

1.03 RELATED SECTIONS 
 

A. Specification 16195, Electrical Identification.  
 

1.04 REFERENCES 
 

A. American National Standards Institute, Inc./Institute of Electrical and Electronics 
Engineers (ANSI/IEEE): 

 
1. ANSI/IEEE C2-90 – National Electrical Safety Code. 

 
2. ANSI/IEEE C57.12.80-78 – Standard Terminology for Power and Distribution 

Transformers. 
 

B. National Electrical Manufacturers Association (NEMA): 
 

1. NEMA LA 1-86 – Surge Arrestors. 
 

2. NEMA ST 1-88 – Specialty Transformers (Except General-Purpose Type). 
 

3. NEMA ST 20-86 – Dry-Type Transformers for General Applications. 
 

C. Underwriters Laboratories, Inc. (UL): 
 

1. UL 486A-80 – Wire Connectors and Soldering Lugs for Use with Copper 
Conductors. 
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2. UL 506-89 – Specialty Transformers. 

 
1.05 SUBMITTALS 

 
A. Submit the following for Engineer’s approval. 

 
B. Product Data: 

 
1. Dimensional plans and sections. 

 
2. Elevations showing minimum clearances. 

 
3. Installed devices. 

 
4. Materials list. 

 
5. Weights. 

 
6. Wiring diagrams. 

 
7. Manufacturer's nameplate data and electrical ratings. 

 
C. Product Test Reports: 

 
1. Certified copies of manufacturer's design and routine factory tests required by 

reference standards. 
 

2. Submit after manufacture of transformer and before installation. 
 

1.06 QUALITY ASSURANCE 
 

A. Items provided under this section shall be listed or labeled by UL or other Nationally 
Recognized Testing Laboratory (NRTL). 

 
1. Terms "NRTL" shall be as defined in OSHA Regulation 1910.7. 

 
2. Terms "listed" and "labeled" shall be as defined in National Electrical Code, Article 

100. 
 

B. Regulatory Requirements:   
 

1. National Electrical Code (NEC):  Components and installation shall comply with 
National Fire Protection Association (NFPA) 70. 

 
C. ANSI/IEEE Compliance:  Comply with applicable requirements of ANSI/ IEEE 

standards, including ANSI/IEEE C2 and C57.12.80. 
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PART 2: PRODUCTS 
 
2.01 MANUFACTURERS 
 

A. Cutler Hammer 
 

B. General Electric 
 

C. Square D 
 

2.02 TRANSFORMERS, GENERAL 
 

A. Transformers: 
 

1. Factory-assembled and tested, air-cooled units of types specified, having 
characteristics and ratings as indicated. 

 
2. Design unit for 60 Hz service. 

 
B. Cores:  Grain-oriented, non-aging silicon steel. 

 
C. Coils:  Continuous windings without splices, except for taps. 

 
D. Internal Coil Connections:  Brazed or pressure type. 

 
E. Bolt coil/core to bottom of enclosure for transformers larger than 15 kVA. 

 
1. Isolated by rubber, vibration-absorbing mounts. 

 
2. Metal-to-metal contact between coil/core and enclosure not allowed. 

 
F. Provide copper windings. 

 
G. Nameplates:  Provide metal nameplate listing manufacturer's name, serial number, type, 

class, kVA voltage, frequency, and showing internal wiring diagram. 
 

H. Sound Level:  Minimum 3 dB less than sound levels for transformer type and size 
indicated when factory-tested in accordance with NEMA ST 20. 

 
2.03 GENERAL PURPOSE, DRY TYPE TRANSFORMERS 

 
A. Comply with NEMA ST 20. 

 
B. Windings:  2-winding type.  3-phase transformers shall use 1 coil/ phase in primary and 

secondary. 
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C. Transformers shall have following features and ratings. 

 
1. Enclosure:  Indoor, ventilated unless otherwise shown on Contract Drawings. 

 
2. Insulation Class:  185oC or 220oC class for transformers 15 kVA or smaller; 220oC 

class for transformers larger than 15 kVA. 
 

3. Insulation Temperature Rise:  80oC maximum rise above 40oC for 15 kVA and 
larger; 115oC maximum rise above 40oC below 15 kVA. 

 
4. Taps:  For transformers 3 kVA and larger, full capacity taps in high voltage winding 

as follows. 
 

a. 3 through 10 kVA:  Two 5% taps below rated high voltage. 
 

b. 15 through 500 kVA:  Six 2-1/2% taps, 2 above and 4 below rated high voltage. 
 

c. 750 through 1,000 kVA:  Four 2-1/2% taps, 2 above and 2 below rated high 
voltage. 
 

D. Accessories:  Following accessory items are required where shown on Contract 
Drawings. 

 
1. Surge Arresters:  Low voltage type, factory-installed and connected to high voltage 

terminals; complying with NEMA LA 1. 
 

2. Wall Mounting Brackets:  Manufacturer's standard brackets for transformers sized up 
to 75 kVA where wall mounting indicated. 

 
3. Electrostatic Shielding:  Insulated metallic shield between primary and secondary 

windings.  Connect to terminal marked "shield" for grounding connection, where 
applicable. 

 
2.04 CONTROL AND SIGNAL TRANSFORMERS 

 
A. Comply with NEMA ST 1 and UL 506. 

 
B. Ratings: 

 
1. As indicated and for continuous duty. 

 
2. Where rating not indicated, provide 125% of load. 

 
C. Type:  Self-cooled, 2-winding dry type. 

 
D. Enclosure:  Indoor, except as indicated. 
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PART 3: EXECUTION 
 
3.01 INSTALLATION 

 
A. Arrange equipment to provide adequate spacing for cooling air circulation. 

 
B. Tighten electrical connectors and terminals in accordance with manufacturer's published 

torque-tightening values.  Where manufacturer's torque values not indicated, use those 
specified in UL 486A and 486B. 

 
C. Install wall-mounted transformers on prefabricated brackets designed for purpose. 

 
D. Install floor-mounted transformers on vibration pads on 3-1/2-inch concrete 

housekeeping pad. 
 

E. Touch up scratched or marred surfaces to match original finish. 
 

F. Identify transformers as specified herein. 
 

3.02 FIELD QUALITY CONTROL 
 

A. Test and permanently record as follows. 
 

1. Prior to energization of transformers, test phase-to-phase and phase-to-ground 
insulation resistance levels. 

 
2. Test transformers for continuity of circuits and short-circuits. 

 
3.03 ADJUSTING 

 
A. Adjust transformer taps to provide optimum voltage conditions at utilization equipment. 

 
3.04 CLEANING 

 
A. Upon completion of installation, inspect interiors and exteriors of accessible components. 

 
1. Remove paint splatters and other spots, dirt, and construction debris. 

 
2. Touch up scratches and mars of finish to match original. 
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3.05 PROTECTION 
 

A. Temporary Heating:  Comply with manufacturer's written recommendations within 
enclosure of each transformer throughout periods during which equipment is not in a 
space continuously under normal control of temperature and humidity. 

 
 

END OF SECTION 
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Section 16475 
 

OVERCURRENT PROTECTIVE DEVICES 
 
 
PART 1: GENERAL 
 
1.01 SUMMARY 
 

A. Section Includes: 
 

1. Overcurrent protective devices (OCPDs) rated 600 V and below and switching 
devices commonly associated with OCPDs. 

 
B. Circuit breakers installed in panelboards are specified in Section 16161 – Panelboards. 

 
1.02 MEASUREMENT AND PAYMENT 

 
A. No separate payment will be made for work performed under this Section. 

 
1.03 RELATED SECTIONS 

 
A. Specification 16195, Electrical Identification.  

 
1.04 REFERENCES 

 
A. National Electrical Manufacturers Association (NEMA). 

 
1. NEMA KS 1 83 - Enclosed Switches. 

 
2. NEMA 250 85 - Enclosures for Electrical Equipment (1000 Volts Maximum). 

 
3. NEMA FU1 86 - Low Voltage Cartridge Fuses. 

 
4. NEMA AB1 86 - Molded Case Circuit Breakers and Molded Case Switches. 

 
B. National Fire Protection Association (NFPA): 

 
1. NFPA 70 90 - National Electrical Code (NEC). 

 
C. Underwriters Laboratory (UL): 

 
1. UL 98 87 - Enclosed and Dead Front Switches. 

 
2. UL 198C 86 - High-Interrupting Capacity Fuses, Current-Limiting Types.  Fifth 

Edition. 
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3. UL 198E 88 - Class R Fuses.  Fourth Edition. 
 

4. UL 486A 80 - Wire Connectors and Soldering Lugs for Use with Copper Conductors.  
Seventh Edition. 

 
5. UL 489 86 - Molded-Case Circuit Breakers and Circuit-Breaker Enclosures.  Seventh 

Edition. 
 

6. UL 943 85 - Ground-Fault Circuit Interrupters. Second Edition. 
 

7. UL 977 84 - Fused Power-Circuit Devices.  Third Edition. 
 

8. UL 198L 88 - UL Standard for Safety D C Fuses for Industrial Use. 
 

1.05 DEFINITIONS 
 

A. Overcurrent Protective Device (OCPD):  Device operative on excessive current that 
causes and maintains interruption of power in circuit it protects. 

 
B. Ampere-Squared-Seconds:  Expression of available thermal energy resulting from current 

flow.  With regard to current-limiting fuses and circuit breakers, ampere-squared-seconds 
during fault current interruption represents energy allowed to flow before fuse or breaker 
interrupts fault current within its current limiting range. 

 
1.06 SUBMITTALS 

 
A. Submit all products covered under this specification for Engineer’s approval. 

 
B. Shop Drawings: 

 
1. Spare fuse cabinet showing dimensions and features including storage provision for 

fused cartons, where indicated to be provided in the project documents. 
 

C. Product Data: 
 

1. Product data for fuses, fusible switches, circuit breakers, and OCPD accessories 
specified in this Section, including descriptive data and time-current curves for 
protective devices and let through current curves for those with current limiting 
characteristics. 

 
2. Include coordination charts and tables and related data. 

 
D. Test Results: 

 
1. Certified reports of field tests and observations. 

 
1.07 QUALITY ASSURANCE 
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A. Items provided under this section shall be listed and labeled by UL or other Nationally 

Recognized Testing Laboratory (NRTL). 
 

1. Term "NRTL" shall be as defined in OSHA Regulation 1910.7. 
 

2. Terms "listed" and "labeled" shall be as defined in National Electrical Code, Article 
100. 

 
B. Regulatory Requirements: 

 
1. Components and Installation: 

 
a. NFPA 70 "National Electrical Code (NEC)." 

 
b. Local codes and ordinances. 

 
C. Single-Source Responsibility:  Obtain similar OCPDs from single manufacturer. 

 
D. Coordinate OCPD sizes with characteristics of motors supplied for this project.  Pay 

special attention to high efficiency motors. 
 

1.08 MAINTENANCE 
 

A. Extra Materials: 
 

1. Maintenance Stock, Fuses:  For types, voltage, and ampere ratings required, furnish 
10% spare fuses, but not less than 1 set of 3 of each kind. 

 
 
PART 2: PRODUCTS 
 
2.01 OVERCURRENT PROTECTIVE DEVICES (OCPDs), GENERAL 
 

A. General:  Provide OCPDs in indicated types, as integral components of panelboards, 
switchboards, and motor control centers; and also as individually enclosed and mounted 
single units. 

 
B. Enclosures:  NEMA 250. 

 
2.02 GENERAL FUSES 

 
A. General:  Provide fuses of types, classes, and current ratings as indicated.  Voltage ratings 

shall be consistent with circuits on which used. 
 

B. Fuses for Direct Current Circuits:  UL 198L and marked for such use by manufacturer on 
fuse label. 
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C. Cartridge Fuse: 

 
1. Manufacturers: 

 
a. Bussmann Div., Cooper Industries, Inc. 

 
b. Gould Shawmut. 

 
c. Littelfuse Inc. 

 
2. NEMA Standard FU1, unless indicated otherwise, provide nonrenewable cartridge 

fuses of indicated types, classes, and current ratings that have voltage ratings 
consistent with circuits on which used. 

 
3. Class CC Fuses:  UL 198C. 

 
4. Class J Fuses:  UL 198C. 

 
5. Class L Fuses:  UL 198C. 

 
a. Current limiting threshold of 10 times current rating or less and time delay of 4 

sec at 5 times rating. 
 

6. Class RK1 and RK5 Dual Element Time-Delay Fuses:  UL 198E. 
 

7. Class RK1 Fast-Acting Fuses:  UL 198E. 
 

2.03 FUSIBLE SWITCHES 
 

A. Acceptable Manufacturers: 
 

1. Cutler Hammer 
 

2. General Electric 
 

3. Square D Co. 
 

B. UL 98 and NEMA KS 1 quick-make, quick-break heavy-duty units. 
 

B. Rating:  Load-breaking capacity in excess of normal horsepower rating for switch. 
 

C. Withstand Capability:  In excess of let through current permitted by its fuse when subject 
to faults up to 100,000 RMS symmetrical amperes. 

 
D. Operation:  By means of external handle. 
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E. Interlock:  Prevents access to switch interior except when in "off" position. 
 

F. Fuse Clips:  Rejection type. 
 

G. Padlocking Provisions:  For 2 padlocks, whether open or closed. 
 

H. Enclosure for Switchboard or Panelboard Mounting:  Suitable for panel mounting where 
indicated. 

 
I. Enclosure for Switchboard Mounting:  Provide individual mounting where indicated. 

 
J. Enclosure for Independent Mounting:  NEMA type as indicated or required to suit 

environment where located. 
 

2.04 MOLDED-CASE CIRCUIT BREAKERS 
 

A. Acceptable Manufacturers: 
 

1. Cutler Hammer 
 

2. General Electric 
 

3. Square D Co. 
 

B. UL 489 and NEMA AB 1. 
 

C. Construction:  Bolt in type, except breakers in load-center-type panelboards and breakers 
225 ampere frame size and larger may be plug in type if held in place by positive locking 
device requiring mechanical release for removal. 

 
D. Characteristics:  Indicated frame size, trip rating, number of poles, and short-circuit 

interrupting capacity rating of 10,000 amperes symmetrical, unless greater rating is 
indicated on Drawings. 

 
E. Tripping Device:  Quick-make, quick-break toggle mechanism with inverse-time delay 

and instantaneous overcurrent trip protection for each pole. 
 

F. Adjustable Instantaneous Trip Devices:  Factory adjusted to low-trip-setting current 
values. 

 
G. Enclosure for Switchboard or Panelboard Mounting:  Suitable for panel mounting in 

switchboard or panelboards where indicated. 
 

H. Enclosure for Switchboard or Motor Control Center Mounting:  Provide individual 
mounting where indicated. 
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I. Enclosure for Independent Mounting:  NEMA type enclosure, as indicated or required to 
suit environment where located. 

 
2.05 INSULATED-CASE CIRCUIT BREAKERS 

 
A. Acceptable Manufacturers: 

 
1. Cutler Hammer 

 
2. General Electric 

 
3. Siemens Energy and Automation 

 
4. Square D Co. 

 
B. UL 489 and NEMA AB 1. 

 
C. Ratings:  Continuous-current, interrupting, and short-time-current ratings, and voltage 

and frequency ratings as indicated. 
 

D. Operating Mechanism:  Mechanically and electrically trip-free, stored-energy operating 
mechanism with following features: 

 
1. Moving Contacts Closing Speed:  Independent of both control and operator. 

 
E. Circuit-Breaker Features and Accessories:  Include following: 

 
1. Operating Handle:  Provide 1 for each manually operated breaker.  No handle ties are 

permitted. 
 
 
PART 3: EXECUTION 
 
3.01 INSTALLATION 

 
A. Fuses: 

 
1. Install fuses in fusible devices indicated. 

 
B. Independently Mounted OCPDs: 

 
1. Locate as indicated and install in accordance with manufacturer's written installation 

instructions. 
 

C. Factory install OCPDs furnished in distribution equipment. 
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D. Coordinate size overcurrent protective devices with each motor and equipment 
manufacturer to assure correct size devices and provide accordingly. 

 
3.02 APPLICATION OF FUSES 

 
A. Control Circuits:  Class CC, time delay. 

 
B. General Purpose Fusible Switches:  Apply following class and types: 

 
1. 30 600 Amperes:  Class J or RK1, time delay. 

 
C. Combination Starters:  Class J or RK1, time delay. 

 
3.03 IDENTIFICATION 

 
A. Identify with components as specified in Section 16195. 

 
3.04 CONTROL WIRING INSTALLATION 

 
A. Install wiring between OCPDs and control/indication devices as specified in Section 

16120 for hard wired connections. 
 

3.05 CONNECTIONS 
 

A. Check connectors, terminals, bus joints, and mountings for tightness. 
 

B. Tighten field-connected connectors and terminals, including screws and bolts, in 
accordance with equipment manufacturer's published torque tightening values.  Where 
manufacturer's torquing requirements are not indicated, tighten connectors and terminals 
to comply with tightening torques specified in UL 486A and UL 486B. 

 
3.06 GROUNDING 

 
A. Provide equipment grounding connections for individually mounted OCPD units as 

indicated and as required by NEC.  Tighten connectors to comply with tightening torques 
specified in UL Standard 486A to assure permanent and effective grounding. 

 
B. Ground in accordance with Section 16170. 

 
3.07 FIELD QUALITY CONTROL 

 
A. Manufacturer's Field Services: 

 
1. Supplier's or manufacturer's technician for equipment specified herein shall be 

present at job site or classroom designated by Owner for minimum of ½ workday, 
travel time excluded, for assistance during plant construction, plant startup, 
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equipment adjustment, and training of Owner’s personnel for plant operation.  
Include minimum of: 

 
a. 1/2 manday for Instructional Services. 

 
b. Supplier or manufacturer shall direct services to specific system and equipment 

operation, maintenance, and troubleshooting. 
 

B. Testing: 
 

1. Reports:  Prepare certified written reports on tests and observations.  Report defective 
materials and workmanship and unsatisfactory test results. 

 
2. Pretesting:  Upon completing installation of system, perform following preparations 

for tests: 
 

a. Make insulation resistance tests of OCPD buses, components, and connecting 
supply, feeder, and control circuits. 
 

b. Make continuity tests of circuits. 
 

c. Include full updating on final system configuration and parameters where they 
supplement or differ from those indicated in original Contract Documents. 
 

d. Comply with manufacturer's instructions for installation and testing of OCPDs. 
 

3. Visual and mechanical inspection:  Include following inspections and related work. 
 

a. Overcurrent-Protective-Device Ratings and Settings:  Verify indicated ratings and 
settings to be appropriate for final system arrangement and parameters.  Where 
discrepancies are found, test organization shall recommend final protective device 
ratings and settings.  Use accepted revised ratings or settings to make final system 
adjustments. 
 

b. Inspect for defects and physical damage, NRTL labeling, and nameplate 
compliance with current single line diagram. 
 

c. Exercise and perform operational tests of mechanical components and other 
operable devices in accordance with manufacturer's instruction manual. 
 

d. Check tightness of electrical connections of OCPDs with calibrated torque 
wrench.  Refer to manufacturer's instructions for proper torque values. 
 

e. Clean OCPDs using manufacturer's approved methods and materials. 
 

f. Verify installation of proper fuse types and ratings in fusible OCPDs. 
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3.08 CLEANING 
 

A. Upon completion of installation, inspect OCPDs.  Remove paint splatters and other spots, 
dirt, and debris.  Touch up scratches and mars of finish to match original finish. 

 
 

END OF SECTION
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Section 16476 
 

DISCONNECTS AND CIRCUIT BREAKERS 
 
 
PART 1: GENERAL 
 
1.01 SUMMARY 
 

A. Section Includes: 
 

1. Service disconnects. 
 

2. Feeder and equipment disconnects. 
 

3. Enclosed circuit breakers. 
 

1.02 MEASUREMENT AND PAYMENT 
 

A. No separate payment will be made for work performed under this Section. 
 

1.03 RELATED SECTIONS 
 

A. Specification 16195, Electrical Identification.  
 

1.04 SUBMITTALS 
 

A. Submit the following for Engineer’s approval. 
 

B. Product Data: 
 

1. Submit for switches, circuit breakers, and accessories. 
 

2. Descriptive data and time current curves for protective devices and let through current 
curves for those devices with current limiting characteristics.  Include coordination 
charts and tables, and related data. 

 
C. Shop Drawings: 

 
1. Wiring diagrams detailing power and control wiring and differentiating clearly 

between manufacturer installed wiring and field installed wiring. 
 

D. Test Results: 
 

1. Field test reports indicating and interpreting test results. 
 

E. Operating and Maintenance Data: 



New / Replacement of Water Well – D203 Water Well No. 3 DISCONNECTS AND 
WBS No. S-000100-0019-3 CIRCUIT BREAKERS 
 
 

 16476-2 

 
1. Maintenance data for tripping devices. 

 
1.05 QUALITY ASSURANCE 

 
A. Items provided under this section shall be listed or labeled by UL or other Nationally 

Recognized Testing Laboratory (NRTL). 
 

1. Term "NRTL" shall be as defined in OSHA Regulation 1910.7. 
 

2. Terms "listed" and "labeled" shall be as defined in National Electrical Code, Article 
100. 

 
B. Regulatory Requirements: 

 
1. National Electrical Code (NEC):  Components and installation shall comply with 

National Fire Protection Association (NFPA) 70. 
 

C. Single Source Responsibility:  Enclosed switches and circuit breakers shall be product of 
a single manufacturer. 

 
 
PART 2: PRODUCTS 
 
2.01 MANUFACTURERS 
 

A. Fusible Switches: 
 

1. Cutler Hammer 
 

2. General Electric 
 

3. Square D 
 

B. Molded Case Circuit Breakers: 
 

1. Cutler Hammer 
 

2. General Electric. 
 

C. Square D 
 

2.02 ENCLOSED SWITCHES 
 

A. Enclosed Non-fusible Switch:  NEMA KS 1, Type HD handle lockable with 2 padlocks. 
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B. Enclosed Fusible Switch, 800 Amperes and Smaller:  NEMA KS 1, Type HD, clips to 
accommodate specified fuses, enclosure consistent with environment where located, 
handle lockable with 2 padlocks, and interlocked with cover in CLOSED position. 

 
2.03 ENCLOSED CIRCUIT BREAKERS 

 
A. Enclosed Molded Case Circuit Breaker:  NEMA AB 1, handle lockable with 2 padlocks. 

 
B. Characteristics:   

 
1. Frame size, trip rating, number of poles, and auxiliary devices as indicated 

 
2. Interrupting capacity rating to meet available fault current, 10,000 symmetrical rms 

amperes minimum 
 

3. Appropriate application listing when used for switching fluorescent lighting loads or 
heating, air conditioning, and refrigeration equipment. 

 
 
PART 3: EXECUTION 
 
3.01 INSTALLATION 

 
A. Install enclosed switches and circuit breakers in locations as indicated, according to 

manufacturer's written instructions. 
 

B. Install enclosed switches and circuit breakers level and plumb. 
 

C. Install wiring between enclosed switches and circuit breakers and control/indication 
devices. 

 
D. Connect enclosed switches and circuit breakers and components to wiring system and to 

ground as indicated and instructed by manufacturer.  Tighten connectors and terminals, 
including screws and bolts according to equipment manufacturer's published torque 
tightening values for equipment connectors.  Where manufacturer's torquing 
requirements are not indicated, tighten connectors and terminals according to tightening 
torques specified in UL Standard 486A. 

 
3.02 FIELD QUALITY CONTROL 

 
A. Manufacturer’s Field Services: 

 
1. Supplier’s or manufacturer’s representative for equipment specified herein shall be 

present at job site or for assistance during plant construction, plant startup, and 
training of Owner’s personnel for plant operation. 
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B. Testing:  After installing enclosed switches and circuit breakers and after electrical 
circuitry has been energized, demonstrate product capability and compliance with 
requirements. 

 
1. Procedures:  Perform each visual and mechanical inspection and electrical test stated 

in NETA Standard ATS, Section 7.5 for enclosed switches and Section 7.6 for 
molded case circuit breakers.  Certify compliance with test parameters. 

 
2. Correct malfunctioning units at site, where possible, and retest to demonstrate 

compliance; otherwise, remove and replace with new units, and retest. 
 

C. Training: 
 

1. Train Owner’s maintenance personnel on procedures and schedules for startup and 
shutdown, troubleshooting, servicing, and preventive maintenance. 

 
2. Review operating and maintenance data. 

 
3.03 ADJUSTING 

 
A. Set field adjustable enclosed switches and circuit breaker trip ranges as indicated. 

 
3.04 CLEANING 

 
A. After completing system installation, including outlet fittings and devices, inspect 

exposed finish.  Remove burrs, dirt, and construction debris and repair damaged finish 
including chips, scratches, and abrasions. 

 
 

END OF SECTION 
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Section 16481 
 

MOTOR CONTROLLERS 
 
 
PART 1: GENERAL 
 
1.01 SUMMARY 
 

A. Section Includes: 
 

1. AC motor control devices rated 600 v and below. 
 

B. Overcurrent protective devices and disconnect switches used with motor controllers are 
specified in Section 16475. 

 
1.02 MEASUREMENT AND PAYMENT 

 
A. No separate payment will be made for work performed under this Section. 

 
1.03 RELATED SECTIONS 

 
A. Specification 16195, Electrical Identification.  

 
1.04 DEFINITIONS 

 
A. Motor Controller:  Device that controls, protects, and energizes electric motor, and where 

required, controls its speed or torque or power delivered by it. 
 

1.05 SUBMITTALS 
 

A. Submit all products covered under this section for Engineer’s approval. 
 

1. Product Data: 
 

a. Include dimensions, ratings, and data on features and components. 
 

2. Test Results: 
 

a. Certified reports of field tests and observations. 
 

3. Miscellaneous: 
 

a. Load Current and Overload Relay Heater List:  Compiled by Contractor after 
motors have been installed.  Arrange list to demonstrate selection of heaters to 
suit actual motor nameplate full load currents. 
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4. Operation and Maintenance (O&M) Data: 
 

a. Manufacturer's data on maintenance and operation of equipment. 
 

1.06 QUALITY ASSURANCE 
 

A. Single-Source Responsibility:  Obtain similar motor-control devices from single 
manufacturer. 

 
B. Manufacturer Qualifications: 

 
1. Provide controllers from manufacturers regularly engaged in manufacture of 

equipment of types and capacities indicated, with such products in satisfactory use in 
similar service for not less than 5 yrs. 

 
C. Items provided under this section shall be listed or labeled by UL or other Nationally 

Recognized Testing Laboratory (NRTL). 
 

1. Term "NRTL" shall be as defined in OSHA Regulation 1910.7. 
 

2. Terms "listed" and "labeled" shall be as defined in National Electrical Code (NEC), 
Article 100. 

 
D. Regulatory Requirements: 

 
1. National Electrical Code (NEC):  Components and installation shall comply with 

National Fire Protection Association (NFPA) No. 70. 
 

1.07 COORDINATION 
 

A. Coordinate features of controllers and control devices with pilot devices and control 
circuits provided under other sections of Specifications covering control systems. 

 
B. Coordinate motor controls, starters and overcurrent devices with motor manufacturer’s 

data.  Provide motor manufacturer’s data sheets to motor control manufacturer at time of 
order. 

 
1.08 MAINTENANCE 

 
A. Extra Materials: 

 
1. Spare Fuses and Indicating Lamps:  Furnish one spare for every 5 installed units, but 

not less than one set of 3 of each kind. 
 
PART 2: PRODUCTS 
 
2.01 ACCEPTABLE MANUFACTURERS 
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A. Manual and Magnetic Motor Controllers: 

 
1. Cutler-Hammer 

 
2. General Electric 

 
3. Square D Company 

 
2.02 MOTOR CONTROLLERS, GENERAL 

 
A. Coordinate features of each motor controller with ratings and characteristics of supply 

circuit, motor, required control sequence, duty cycle of motor, drive, and load, and pilot 
device, and control circuit affecting controller functions.  Provide controllers horsepower 
rated to suit motor controlled. 

 
B. NEMA Size 1 minimum. 

 
C. Contacts shall open each ungrounded connection to motor. 

 
D. Overload Relays: 

 
1. Ambient-compensated type with inverse-time-current characteristic. 

 
2. Provide with heaters or sensors in each phase matched to nameplate full load current 

of specific motor to which connected with appropriate adjustment for duty cycle.  
Overload devices to require manual reset after tripping occurs. 

 
3. Enhanced Protection Overload Relay:  Provide overload relays with NEMA Class 10 

tripping characteristics for submersible equipment or where indicated on the contract 
drawings.  Select to protect motor against voltage unbalance and single phasing. 

 
E. Enclosures: 

 
1. For individually mounted motor controllers and control devices, comply with NEMA 

250. 
 

2. Provide enclosures suitable for environmental conditions at controller location. 
 

3. Provide NEMA Type enclosures as indicated or required to suit environment where 
located. 

 
2.03 MANUAL MOTOR CONTROLLERS 

 
A. Quick-make, quick-break toggle action. 

 
B. Doublebreak silver alloy contacts. 
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C. Pilot light. 

 
D. Padlocking provision. 

 
2.04 MAGNETIC MOTOR CONTROLLERS 

 
A. Full voltage, non-reversing, across-the-line, magnetic controller, except where another 

type indicated. 
 

B. Control Circuit:  120V.  Control power transformer integral with controller where no 
other supply of 120 v control power to controller indicated.  Control power transformer 
with adequate capacity to operate connected pilot, indicating and control devices, plus 
100% spare capacity. 

 
C. Combination Controller:  Motor circuit protector; molded case circuit breaker type with 

magnetic only trip element calibrated to coordinate with actual locked rotor current of 
connected motor and controller overload relays.  Provide breakers factory-assembled 
with controller, interlocked with unit cover or door, and arranged to disconnect 
controller.  Provide motor circuit protectors with field-adjustable trip elements. 

   
2.05 REDUCED VOLTAGE SOLID STATE MOTOR CONTROLLERS  
  

A. Combination Reduced Voltage Solid State With By-pass Contactor Starter Units:  Motor 
circuit protector type circuit breaker, reduced voltage solid state start unit 

B. Control Circuit:  120V.  Control power transformer integral with controller where no 
other supply of 120 v control power to controller indicated.  Control power transformer 
with adequate capacity to operate connected pilot, indicating and control devices, plus 
100% spare capacity. 

 
C. Combination Controller:  Motor circuit protector; molded case circuit breaker type with 

magnetic only trip element calibrated to coordinate with actual locked rotor current of 
connected motor and controller overload relays.  Provide breakers factory-assembled 
with controller, interlocked with unit cover or door, and arranged to disconnect 
controller.  Provide motor circuit protectors with field-adjustable trip elements. 

 
D. Required Features 
 

1. SCR fusing 

2. By-pass contactor to engage when motor is at full speed. 

3. Internal current overload relays.  Relays can be enabled or disabled. 

4. External current overload relays. 

5. Control power transformers. 
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6. Auxiliary relays for control interface 

7. Single phase protection relay 

8. Equipment shall have minimum interrupting ability to be 65,000 amps RMS 
symmetrical, voltage 480 volts, 3 phase, 60 Hz. 

9. Operator handle shall be able to be pad locked in the “OFF” position. 

2.06 AUXILIARY CONTROL DEVICES 
 

A. General:  Furnish auxiliary control device as shown on 1 line diagrams, Drawings, or as 
specified.  Factory-install in controller enclosure except as otherwise indicated. 

 
B. Pushbutton Stations, Pilot Lights, and Selector Switches:  Heavy duty type. 

 
C. Stop Pushbutton Station:  Momentary break pushbutton station with factory-applied hasp 

arranged so padlock can be used to lock pushbutton in depressed position with control 
circuit open. 

 
D. Lockout Pushbutton Station:  Maintained contact red mushroom pushbutton station with 

factory-applied hasp arranged so padlock can be used to lock pushbutton in depressed 
position with control circuit open. 

 
E. Control Relays: Heavy duty industrial type auxiliary and adjustable time-delay relays. 

 
F. Elapsed Time Meters:  Heavy duty with digital readout in hrs. 

 
G. Current Sensors:  Rated to suit application. 

 
H. Pilot Lights: High intensity LED type. 
 
I. Well motor protection relay ( GE Multlin 869  model 869-E-P5-G5-H-N-N-A-S-S-B-SE-

N-N-B-N) Configure the Well motor protection relay  with draw-out case and 
communication signal converter to Profi bus as indicated on Drawings. 

 
1. Functions for motor start-up and control 

 
a. Reduced voltage start (as indicated on drawings) 
b. Stall protection 
c. Mechanical jam 
d. Lock-out(86) 
e. Thermal inhibit 
f. Maximum starting rate 
g. Time between starts & Number of starts 
h. Restart delay 
i. Acceleration time 
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j. Motor status on stopped, starting, running, overload and trip 
2. Motor Protection functions 

a. Short circuit protection 
b. Ground fault protection 
c. Undercurrent (37) 
d. Current unbalance (46)  
e. Phase/neutral/ground instantaneous overcurrent (50P/N/G)  
f. Phase/neutral/ground time overcurrent (51P/N/G) 
g. Negative sequence instantaneous overcurrent (50_2) 
h. Phase/neutral directional overcurrent (67P/N) 

3. The relay shall have configurable to select any protection elements to be used as a 
trip, alarm or latched alarm function without using programmable logic. 

4. Relay program logic 
a. Relays shall support 1024 lines of user defined logic to build control schemes 

supporting logic gates, timers, nonvolatile latches.  
b. The programmable logic in the relay shall be executed at 8 times per power 

system cycle 
c. The relay configuration tool shall have embedded graphical user interface to build 

programmable 
5. User Front Panel Display with the following 

a.  Color LCD front panel  display with navigation keys 
b. Display with measured values, calculated values, I/O status, device status, target 

messages, events, motor learner data and configured relay settings 
c. User-programmable LEDs and pushbuttons. 

6. Communications 
a. Modbus RTU with converter to Profi bus as indicated.  

7. Metering and Fault Recording 
a.  Record  exposure to temperature, humidity and surge and a report shall be 

retrievable via the communication ports on the min, max average of those 
recorded values 

b. Provide a Motor Health Report retrievable via the communication ports that 
provides a snapshot of the motor operating and diagnostic information. 

c. Report shall include information pertaining to  Device, Status, Trip Summary, 
Motor Operating History, Motor Starting Learned Data, Motor Start Records and 
Motor Stopping/Tripping. The relay shall provide a min of six motor start records 
with a sampling rate of 100 ms, record length of 60 sec. 

d. The relay shall provide up to 64 digital channels and up to 40 analog channels of 
oscillography at a sampling rate of 128 samples per cycle.  

e. The relay shall provide Event Records - with a record of the last 1024 events, time 
tagged with a resolution of 1ms. 

f. The relay shall store all its recorded data in nonvolatile memory. 
g. The relay shall provide a separate data logger function which shall record a 

maximum of 16 Analog channels with a settable sampling rate of 1 cycle, 1 
second, 30 seconds, 1 minute, 15 minutes, 30 minutes or 1 hour. 

h. The current metering accuracy shall be at +/- 0.25% of the reading for up to 2 
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times rated secondary current and +/- 1% for above them. 
i. The voltage metering accuracy shall be at +/- 0.5% of the reading from 15 to 

208V.  
j. The power metering accuracy shall be at +/- 1% of the reading. 
k. The frequency metering accuracy shall be typically at 1 mill Hertz accuracy level 

8. Hardware 
a. Provide conformal coated electronic board assemblies for harsh environment. 
b. Draw-out  case. 
c. Include power supply module. 
d. Relay contact output rated for 10 amps continuous.  

9. Security 
a. Provide Role Based Access Control   

    
PART 3: EXECUTION 
 
3.01 INSTALLATION 

 
A. General:  Install motor controllers and auxiliary motor control devices in accordance with 

manufacturer's written instructions and approved submittals. 
 

B. Mounting: 
 

1. For control equipment at walls, bolt single units to wall.  Mount multiple units on 
light-weight structural steel channels bolted to wall. 

 
2. For controllers not at walls, provide freestanding racks fabricated of structural steel 

members and light-weight slotted structural steel channels.  Use feet consisting of 3/8 
in. thick steel plates, 6 in. square, bolted to floor.  Use feet for welded attachment of 1 
1/2-in. by 1-1/2-in. by 1/4-in. vertical angle posts not over 3 ft oc.  Connect posts with 
horizontal lightweight slotted steel channels and bolt control equipment to channels. 

 
3. Unless shown otherwise on plans. 

 
C. Motor Controller Fuses and Circuit Breakers:  Conform to requirements of Section 

16475. 
 

3.02 IDENTIFICATION 
 

A. Comply with Section 16195. 
 

3.03 CONTROL WIRING INSTALLATION 
 

A. Install wiring as specified in Section 16120. 
 

B. Install wiring in enclosures bundled, trained, and supported. 
 

3.04 CONNECTIONS 
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A. Tighten connectors, terminals, and mountings.  Tighten field connected connectors and 

terminals, including screws and bolts, in accordance with equipment manufacturer's 
published torque tightening values.  Where manufacturer's torquing requirements not 
indicated, comply with tightening torques specified in UL 486A and 486B. 

 
3.05 FIELD QUALITY CONTROL 

 
A. Manufacturer's Field Services: 

 
1. Supplier's or manufacturer's technician for equipment specified herein shall be 

present at job site or classroom designated by Owner for minimum mandays 
indicated, travel time excluded, for equipment adjustment, and training of Owner’s 
personnel for plant operation.  Include minimum of: 

 
a. 1/2 manday for Instructional Services. 

 
2. Provide services of an authorized GE Multilin programmer to program the Multilin 

realy for the project. Provide field motor data as reqired for the programmer.  
 

B. Testing: 
 

1. Reports:  Notify Engineer in writing indicating defective materials and workmanship 
and unsatisfactory test results.  Include records of repairs and adjustments made. 

 
2. On completing installation of system, perform following tests. 

 
a. Make insulation resistance tests of conducting parts of motor control components; 

and of connecting supply, feeder, and control circuits.  For devices containing 
solid-state components, use test equipment and methods recommended by 
manufacturer. 
 

b. Make continuity tests of circuits. 
 

c. Review updating of final system configuration and parameters where they 
supplement or differ from those indicated in original Contract Documents. 
 

d. Review manufacturer's written instructions for installation and testing of motor 
control devices. 
 

3. Visual and Mechanical Inspection:  Include following inspections and related work. 
 

a. Motor Control Device Ratings and Settings:  Verify ratings and settings as 
installed are appropriate for final loads and final system arrangement and 
parameters.  Recommend final protective device ratings and settings where 
differences found.  Use accepted revised ratings or settings to make final system 
adjustments. 
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b. Inspect for defects and physical damage and nameplate compliance with 

Drawings. 
 

c. Exercise and perform operational tests of mechanical components and other 
operable devices in accordance with manufacturer's written instructions. 
 

d. Check tightness of electrical connections of devices with calibrated torque 
wrench.  Use manufacturers recommended torque values. 
 

e. Clean devices using manufacturer's approved methods and materials. 
 

f. Verify proper fuse types and ratings in fusible devices. 
 

4. Electrical Tests:  Perform following in accordance with manufacturer's written 
instructions. 

 
a. Insulation resistance test of motor control devices conducting parts to extent 

permitted by manufacturer's written instructions.  Insulation resistance less than 
100 megohms not acceptable. 
 

b. Use primary current injection to check performance characteristics of motor 
circuit protectors and for overload relays of controllers for motors 15 hp and 
larger.  Trip characteristics not within manufacturer's published time-current 
tolerances not acceptable. 
 

c. Make adjustments for final settings of adjustable trip devices. 
 

d. Test auxiliary protective features such as loss of phase, phase unbalance, and 
undervoltage to verify operation. 
 

e. Check for improper voltages at terminals in controllers having external control 
wiring when controller disconnect opened.  Voltage over 30V unacceptable. 

 
f. Include motor protection relay function test.  Verify operation  

 
5. Correct deficiencies and retest motor control devices.  Verify by system tests that 

specified requirements are met. 
 

3.06 CLEANING 
 

A. Remove paint splatters and other spots, dirt, and debris.  Touch up scratches and mars of 
finish to match original finish.  Clean devices internally using manufacturer's 
recommended methods and materials. 

 
END OF SECTION 
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Section 16482 
 

MOTOR–CONTROL CENTERS (600 V OR LESS) 
 
 
PART 1: GENERAL 
 
1.01 SUMMARY 

 
A. Section Includes: 
 

1. Motor-control centers (MCCs) for use on ac circuits rated 600 V or less. 
 
B. Overcurrent protective devices and disconnect switches used with motor control centers 

(MCCs) are specified in Section 16475. 
 

1.02 MEASUREMENT AND PAYMENT 
 
A. No separate payment will be made for work performed under this Section. 
 

1.03 RELATED SECTIONS 
 
A. Specification 16195, Electrical Identification.  
B. Specification 16481 Motor Controllers 
C. Specification 16475 Overcurrent Protective Devices. 
 

1.04 REFERENCES 
 
A. American National Standards Institute (ANSI): 
 

1. ANSI C2 90 - National Electrical Safety Code (NESC). 
 
B. International Electrical Testing Association (P.O. Box 687, Morrison, CO 80465): 
 

1. ATS - Acceptance Testing Specifications for Electrical Power Distribution 
Equipment and Systems. 

 
C. National Electrical Manufacturers Association (NEMA): 
 

1. NEMA 250 89 - Enclosures for Electrical Equipment (1000 Volts Maximum). 
 

2. NEMA ICS 2 88 - Industrial Control Devices, Controllers and Assemblies. 
 

3. NEMA ICS 2.3 88 - Instructions for the Handling, Installation, Operation, and 
Maintenance of Motor Control Centers. 
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D. Underwriters Laboratories (UL): 
 

1. UL 486A 89 - Wire Connectors and Soldering Lugs for Use with Copper Conductors. 
 

2. UL 845 89 - Motor Control Centers. 
 

1.05 SUBMITTALS 
 
A. Submit the following for Engineer’s approval. 
 
B. Shop Drawings: 
 

1. Each MCC including dimensioned plans and elevations and component lists. 
 

2. Show ratings, including short-time and short-circuit ratings, and horizontal and 
vertical bus ampacities. 

 
3. Schedule of features, characteristics, ratings, and factory settings of individual MCC 

units. 
 

4. Wiring Diagrams:  Interconnecting wiring diagrams pertinent to class and type 
specified for MCC.  Schematic diagram of each type of controller unit indicated. 

 
C. Product Data: 
 

1. Each product and component specified. 
 
D. Test Results: 
 

1. Certified reports of field tests and observations. 
 
E. Operations and Maintenance Data: 
 

1. Maintenance data for MCCs. 
 

1.06 QUALITY ASSURANCE 
 
A. Items provided under this section shall be listed and labeled by UL or other Nationally 

recognized Testing Laboratory (NRTL).  This includes complete MCC and switchgear 
assembly, including controls section. 

 
1. Term "NRTL" shall be as defined in OSHA Regulation 1910.7. 

 
2. Terms "listed" and "labeled" shall be as defined in National Electrical Code, Article 

100. 
 
B. Regulatory Requirements: 
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1. National Electrical Code:  Components and installation shall comply with NFPA 70. 
 
C. Manufacturer's Qualifications:  Manufacturer shall be a member of NEMA, regularly 

engaged in manufacturing LV MCCs complying with requirements of these 
Specifications, and experienced with at least five projects of similar size and scope. 

 
D. Product Selection for Restricted Space:  Drawings indicate maximum dimensions for 

MCCs including clearances between MCCs and adjacent surfaces and items and are 
based on types and models indicated.  MCCs of other manufacturers having equal 
performance characteristics and complying with indicated maximum dimensions may be 
considered. 

 
E. MCC Starters, MCP, and breaker sizes shall be coordinated with motors supplied and 

sizes shall be adjusted as required by motor criteria.  This especially applies to high 
efficiency motors. 

 
F. Provide motor data to MCC manufacturer at time MCC is ordered to assure coordination 

of overcurrent protective devices. 
 

1.07 DELIVERY, STORAGE, AND HANDLING 
 
A. Deliver in shipping splits of lengths that can be moved past obstructions. 
 
B. Store so condensation will not occur on or in MCCs.  Provide temporary heaters as 

required to prevent condensation. 
 
C. Handle MCCs in accordance with NEMA ICS 2.3, "Instructions for Handling, 

Installation, Operation, and Maintenance of Motor Control Centers." Use factory-
installed lifting provisions. 

 
1.08 MAINTENANCE 

 
A. Extra Materials: 
 

1. Spare Fuses:  Furnish one spare for every five of each type and rating of fuse and 
fusible devices installed, but not less than one set of three of each kind.  Include 
spares for: 

 
a. Control power fuses. 

 
b. Fuses and fusible devices for fused circuit breakers. 

 
c. Fuses for fusible switches. 

 
2. Spare Indicating Lights:  Furnish five of each type installed. 

 
3. Touch-up Paint:  Furnish 3 half-pint unopened containers. 
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PART 2: PRODUCTS 
 
2.01 ACCEPTABLE MANUFACTURERS 

 
A. Cutler-Hammer 
 
B. General Electric 
 
C. Square D Company 
 

2.02 MOTOR-CONTROL CENTERS 
 
A. Wiring Classification:  Class I, Type B, as defined in NEMA ICS 2. 
 
B. Enclosure:  NEMA Type 1, gasketed, as defined in NEMA 250, except as otherwise 

indicated. 
 
C. Compartments: 
 

1. Modular, with individual doors with concealed hinges and quick-captive screw 
fasteners. 

 
2. For combination starter units provide interlocks so disconnect means must be in off 

position before door can be opened, and so door cannot be closed with disconnect 
means in on position, except by consciously operating permissive release device.  
Rotating type operators located outside of door are not acceptable. 

 
D. Interchangeability: 
 

1. Construct compartments so it is possible to remove units without opening adjacent 
doors, disconnecting adjacent compartments, or disturbing operation of other units in 
control center. 

 
2. Units requiring same size compartment shall be interchangeable, and compartments 

shall be constructed to permit ready rearrangement of units such as replacing three 
single units with unit requiring three spaces without cutting or welding. 

 
E. Wiring Spaces: 
 

1. Provide each vertical section of structure with horizontal and vertical wiring spaces 
for wiring to each unit compartment in each section. 

 
2. Provide separate door over vertical wiring space. 

 
3. Provide supports to hold wiring rigidly in place. 

 
F. Meet current NEC requirements for service entrance. 
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G. Ratings:  Provide nominal system voltage, continuous main bus amperage, and short-time 

and short-circuit-current ratings as indicated and conform with short circuit and 
coordination study. 

 
H. All enclosures for motor starters 100 hp and greater shall have forced air cooling. 
 

2.03 BUSES 
 
A. Material:  Tin-plated copper. 
 
B. Ampacity Ratings:  As indicated for horizontal main buses and vertical bus sized for 

indicated loads or 300A minimum. 
 
C. Neutral Buses:  Full size. 
 
D. Equipment Ground Bus:  Non-insulated, horizontal copper bus 2 inches by 1/4 inch, 

minimum. 
 
E. Horizontal Bus Arrangement:  Extend main phase, neutral and ground buses with same 

capacity entire length of MCC unless otherwise indicated, and provision for future 
extension at both ends by means of bolt holes and captive bus splice sections or approved 
equivalent. 

 
F. Natural Disconnect Link:  For switchgear, assembly having main service disconnect.  

Arrange to permit disconnecting the switchgear assembly neutral bus from the common 
ground bus and the incoming service neutrals.  Also, provide a bolted, un-insulated, 1/4-
in. by 2-in. copper bus (main bonding jumper). 

 
G. Short-Circuit Withstand Rating:  Same as short-circuit current rating of section. 
 

2.04 FUNCTIONAL FEATURES 
 
A. General:  Provide modular arrangement of motor controllers, control devices, overcurrent 

protective devices, transformers, panelboards, instruments, indicating panels, blank 
panels, and other items mounted in compartments of motor-control center as indicated. 

 
B. Motor Controller Units: 
 

1. Combination circuit breakers soft starter with features and devices specification 
16481. 

2. Combination controller units; of types and with features, ratings, and circuit 
assignments indicated. 

 
3. Units with full-voltage, across-the-line, magnetic controllers up to and including Size 

3 shall be installed on drawout mountings with connectors that automatically line up 
and connect with vertical section buses while being racked into their normal 
energized positions. 
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4. Units shall have short-circuit current ratings equal to or greater than short-circuit 

current rating of MCC section. 
 

5. Units in MCCs shall be equipped with pull-apart terminal strips or drawout terminal 
boards for external control connections. 

 
 
C. Overcurrent Protective Devices: 
 

1. Provide types of devices with features, ratings, and circuit assignments indicated, as 
specified in Section 16475. 

 
2. Individual feeder tap units through 225 ampere rating shall be installed on drawout 

mountings with connectors that automatically line up and connect with vertical 
section buses while being racked into their normal energized positions. 

 
D. Overload Relays: 
 

1. Ambient-compensated type with inverse-time-current characteristic. 
 

2. Provide with heaters or sensors in each phase matched to nameplate full load current 
of specific motor to which connected with appropriate adjustment for duty cycle.  
Overload devices to require manual reset after tripping occurs. 

 
3. Enhanced Protection Overload Relay:  Provide overload relays with NEMA Class 10 

tripping characteristics for submersible equipment or where indicated.  Select to 
protect motor against voltage unbalance and single phasing. 

 
E. Coordinate size of circuit breakers, trip units, MCP’s and other overcurrent protective 

devices, with motor manufacturer’s and provide proper rated devices accordingly. 
 
F. Spaces and Blank Units:  Compartments fully bussed and equipped with guide rails or 

equivalent, ready for insertion of drawout units. 
 
G. Spare Units:  Type, sizes, and ratings as indicated, and installed in compartments 

indicated "spare." 
 
H. Pilot Lights: High intensity LED type. 
 

2.05 SURGE PROTECTIVE DEVICE 
 

A. Provide a surge protective device (SPD) rated at 300 kA per phase connected by a circuit 
breaker to the load side of each main circuit breaker.  Provide a SPD with basic 
monitoring features. 
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2.06 IDENTIFICATION PRODUCTS 
 
A. Comply with Specification 16195, Electrical Identification. 
 

2.07 FINISHES 
 
A. Manufacturer's standard finish suitable for environment in which installed. 
 

2.08 CONCRETE PAD 
 
A. Provide 3000 psi concrete. 

 
 
PART 3: EXECUTION 
 
3.01 INSTALLATION 

 
A. General:  Install MCCs in accordance with NEMA ICS 2.3 "Instructions for Handling, 

Installation, Operation, and Maintenance of MCCs," and with manufacturer's written 
installation instructions. 

 
B. Anchor each motor-control center assembly to concrete base in accordance with 

manufacturer's recommendations.  Level and grout sills flush with motor-control center 
mounting surface. 

 
C. Remove temporary lifting eyes, channels, brackets, and temporary blocking of moving 

parts from MCC units and components. 
 

3.02 CONCRETE BASES 
 
A. Provide a concrete pad under MCC location, provide 3 ½- inch high concrete foundation.  
 

3.03 IDENTIFICATION 
 
A. Identify field-installed wiring and components and provide warning signs, as specified in 

Section 16195. 
 
B. Place wire identification tags at each end of all conductors. 
 

3.04 CONNECTIONS 
 
A. Tighten MCC bus joint bolts and electrical connector and terminal bolts in accordance 

with manufacturer's installation instructions and torque-tightening values.  Where 
manufacturer's torque values are not stated, use those specified in UL 486A and UL 
486B. 

 
3.05 COORDINATION STUDY (Not Applicable) 

 



New / Replacement of Water Well – D203 Water Well No. 3 MOTOR-CONTROL CENTER 
WBS No. S-000100-0019-3 (600 V OR LESS) 
 

 16482-8 

3.06 FIELD QUALITY CONTROL 
 
A. Manufacturer's Field Services: 
 

1. Supplier's or manufacturer's technician for equipment specified herein shall be 
present at job site or classroom designated by Owner for minimum of 2 workdays, 
travel time excluded, for assistance during plant startup, equipment adjustment, and 
training of Owner’s personnel for plant operation.  Include minimum of: 

 
a. Two mandays for Instructional Services. 

 
2. Supplier or manufacturer shall direct services to specific system and equipment 

operation, maintenance, and troubleshooting. 
 
B. Testing: 
 

1. Comply with applicable requirements of International Electrical Testing Association 
(INETA) Standard ATS, "Acceptance Testing Specifications for Electrical Power 
Distribution Equipment and Systems." 

 
2. Reports:  Notify Engineer in writing indicating defective materials and workmanship 

and unsatisfactory test results.  Include record of repairs and adjustments made. 
 

3. Perform following tests: 
 

a. Test insulation resistance of MCC buses; components; and of connecting supply, 
feeder, and control circuits.  For components with solid-state devices or other 
sensitive components, perform tests in accordance with manufacturer's 
instructions. 

 
b. Make continuity tests of circuits. 

 
c. Inspect MCCs for defects and physical damage, testing laboratory labels, circuit 

connections, and nameplate compliance with up-to-date system drawings. 
 

d. Perform operational test and exercise of mechanical components and other 
operable devices in accordance with manufacturer's instruction manual. 

 
e. Check MCC anchorage, external clearances, and alignment and fit of components 

including internal elements. 
 

f. Check tightness of bolted electrical connections with calibrated torque wrench.  
Refer to manufacturer's instructions for proper torque values. 

 
g. Perform visual and mechanical inspection and related work for motor control and 

protective devices. 
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h. Device Ratings and Settings:  Verify ratings and settings of overload relays, 
motor circuit protectors, and overcurrent protective devices. 

 
4. Quality Control Testing Program:  Assure MCC installation meets specified 

requirements, is operational within specified tolerances, and provides appropriate 
protection for systems and equipment. 

 
a. Test and inspect MCCs in accordance with manufacturer's recommendations and 

these specifications. 
 

b. Schedule tests and provide notification at least 7 days in advance of test 
commencement. 

 
c. Reports:  Prepare written reports of test results and observations.  Report 

defective materials and workmanship.  Include complete records of adjustments 
and corrective action taken. 

 
d. Labeling:  On satisfactory completion of tests and related effort, apply label to 

tested components indicating results, person responsible, and date. 
 

e. Test insulation resistance of buses and portions of control wiring that disconnect 
from solid-state devices through normal disconnecting features.  Insulation 
resistance less than 100 megohms is not acceptable. 

 
f. Verify appropriate capacity, overcurrent protection, and operating voltage of 

control power elements including control power transformers and control power 
wiring. 

 
g. Check phasing of supply source to bus. 

 
h. Test motor-control devices. 

 
i. Test overcurrent protective devices. 

 
5. Retesting:  Correct deficiencies and retest.  Verify by retests that specified 

requirements are met. 
 

3.07 CLEANING 
 
A. Inspect interior and exterior of MCCs.  Remove paint splatters and other spots, dirt, and 

debris.  Touch up scratches and mars of finish to match original finish. 
 

3.08 PROTECTION 
 
A. Temporary Heating:  Apply temporary heat in accordance with manufacturer's 

recommendation within each section of switchgear throughout periods during which the 
switchgear is not in a space that is continuously under normal control of temperature and 
humidity. 
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END OF SECTION
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	13300-PROCESS INSTRUMENTATION AND_CONTROLS-GENERAL_PROVISIONS
	1.01 SCOPE OF WORK
	A. A pre-approved Process Control System Integrator (PCSI) shall furnish all services and equipment defined herein and in other specification sections as listed in Paragraph 1.03, Related Work.  UThe PCSI shall invite City personnel to all tests.  Cit...
	B. All materials, equipment, labor, and services required to achieve a fully configured integrated and operational process control system shall be provided.  The PCSI shall design and coordinate the process control system for proper operation with rel...
	C. All configuration, integration, including but not limited to: loading of all software on network equipment configuration and communications between servers and RTUs shall be provided by the SE.  All programming of RTUs and HMI shall be by the SE. T...
	D. Auxiliary and accessory devices necessary for system operation or performance to interface with existing equipment or equipment provided by other suppliers under other sections of these specifications, shall be included whether or not they are show...
	E. Substitution of functions or type of equipment specified shall not be acceptable.  In order to ensure parts are interchangeable, maintain quality, interface between the various subsystems, and establish minimums with regard to ranges and accuracy, ...
	F. Equipment shall be fabricated, assembled, installed, and placed in proper operating condition in full conformity with detail drawings, specifications, engineering data, instructions, and recommendations by the equipment manufacturer as approved by ...
	G. The PCSI shall be responsible for calibrating all existing instruments that will interface with the control system.
	H. To facilitate the Owner's future operation and maintenance, products shall be by the same major manufacturer, with panel-mounted devices of the same type and model as far as possible.
	I. The water well and re-pump stations where improvements will take place are existing and all work shall be coordinated with station operating personnel to minimize impact on daily operation.  Specifically, the contractor shall be responsible for pro...
	1. PLC outages that result in more than one hour of operational downtime will not be allowed.
	2. PLC outages of more than twice in an eight hour period will not be allowed.
	3. Work on more than one PLC at a time will not be allowed.
	4. The owner’s personnel will operate all equipment in the station.  The contractor shall not operate any City owned equipment.  Work to place specific equipment into MANUAL operation must be coordinated with the owner at least 24 hours in advance.  I...
	5. The PCSI contractor shall use temporary measures to ensure that the flow pacing signals used to meter chemicals are maintained at all times, regardless of which PLCs are out of service.

	J. The water wells and re- pump stations are fully operational facilities monitored and controlled by local panels and PLCs.  After switch over, the PCSI must demonstrate that all new equipment and reused existing equipment is connected to PLCs and th...
	K. The Owner shall retain salvage rights to all material and equipment removed in the course of this work.  All materials and equipment retained by the Owner shall be delivered to a point designated by the Owner in Houston, Texas.  Any materials or eq...
	L. All equipment and installations shall satisfy applicable Federal, State, and local codes.
	M. The Contract Drawings and related specification sections provide additional details showing building plan layouts, instrument device specifications, functional requirements of the system, and interfacing with other equipment.
	N. All materials, equipment, labor, and services necessary to achieve the monitoring and control functions described herein shall be provided in a timely manner so that the monitoring and control functions are available when the equipment is ready to ...
	O. The PCSI shall coordinate and schedule all required testing with the General Contractor, Owner, and Engineer.
	P. The PCSI shall coordinate and schedule all required training with the General Contractor, Owner, and Engineer.
	Q. The PCSI shall provide a monthly status report and updated project schedule to the General Contractor to be included in the General Contractor’s overall project schedule.

	1.02 MEASUREMENT AND PAYMENT
	A. No separate payment will be provided for work performed under this Section.  Include the cost for this work in the lump sum base bid.
	B. Refer to Section 01270 – Measurement and Payment.

	1.03 RELATED WORK
	A. The PCSI shall furnish all materials, labor, and services specified in the following specification sections as required ensuring that a single, coordinated system is supplied:
	1. Section 16195 – Electrical Identification

	B. Divisions requiring coordination shall include, but not be limited to, the following:
	1. Division 1 - General Requirements
	2. Division 13 - Special Construction
	3. Division 15 - Mechanical
	4. Division 16 - Electrical

	C. The PCSI shall coordinate with all equipment suppliers, mechanical subcontractor, electrical subcontractor, and General Contractor.

	1.04 COORDINATION MEETINGS
	A. A. The PCSI shall schedule and administer a minimum of three mandatory coordination meetings.  The PCSI shall make arrangements for meetings; prepare agenda with copies to participants at least one week before scheduled meetings.  The meetings shal...
	1. The first coordination meeting shall be held in advance of the first PCSI shop drawing submittal.  The purpose of the first meeting shall be for the PCSI to:
	a. Summarize their understanding of the project
	b. Discuss any proposed substitutions or alternatives
	c. Schedule testing and delivery milestone dates
	d. Provide a forum for the PCSI to coordinate hardware and software related issues
	e. Request any additional information required from the Owner and/or Engineer.
	f. The PCSI shall bring a draft version of shop drawings to the meeting to provide the basis for the Owner/Engineer's input into their development.

	2. The second coordination meeting shall be held after the Field Instruments, Digital System Hardware, and Control Panels and Panel Mounted Equipment shop drawing submittals have been reviewed by the Engineer and returned to the PCSI.  The purpose of ...
	a. Discuss comments made on the submittal packages
	b. Refine scheduled milestone dates
	c. Coordinate equipment installation activities

	3. The last coordination meeting shall be held one month prior to factory acceptance testing.  The purpose of the last coordination meeting is to discuss any remaining coordination requirements.
	4. A typical agenda may include, but is not limited to, the following:
	a. Review minutes of previous meetings
	b. Review of work progress
	c. Field observations, problems, and decisions
	d. Identification of problems, which impede planned progress
	e. Review of submittal schedule and submittal status
	f. Review of off-site fabrications and delivery schedules
	g. Maintenance of progress schedule
	h. Corrective measures to regain projected schedules
	i. Planned activities for subsequent work period
	j. Coordination of projected progress
	k. Maintenance of quality and work standards
	l. Effect of proposed changes on progress schedule and coordination
	m. Other business relating to project


	B. The PCSI’s cost associated with the coordination meetings is the responsibility of the PCSI.

	1.05 SUBMITTALS
	A. Submit shop drawings in accordance with Section 01300, Submittals.  The shop drawings shall fully demonstrate that the equipment and services to be furnished comply with the provisions of these specifications and provide a true and complete record ...
	B. The Engineer shall determine whether a product is an “Approved Equal” based upon the information listed herein and the manufacturer’s data sheets regarding the models specified. Alternate equipment must meet the criteria listed herein and any addit...
	C. The submittals listed below shall be provided as a minimum.  Other specification sections may require other submittals not listed here.  Each submittal must be complete.  No partial submittals will be accepted.
	1. System Input/Output List
	2. Project Plan
	3. The project plan shall be submitted and approved before any additional submittals (except I/O List) will be accepted.
	4. Field Instruments
	5. Digital System Hardware
	6. Control Panels and Panel Mounted Equipment
	7. Testing
	8. Training
	9. Loop Diagrams
	10. Spares, Expendables, and Test Equipment
	11. Operation and Maintenance (O&M) Manuals

	D. Submittal Descriptions
	1. System Input/Output List
	a. Within 90 days of the contract award, the PCSI shall submit a System Input/Output List submittal containing a complete system Input/Output (I/O) list for equipment connected to the control system under this Contract. The I/O list shall be submitted...
	(1) Tag name
	(2) Type of I/O (i.e., DI, DO, AI or AO)
	(3) I/O point address (PLC name/address and point address)
	(4) Point name (or SPARE)
	(5) Point description
	(6) High/Low range and engineering units
	(7) Alarm limits
	(8) Relay normal status contact configuration
	(9) I/O terminal point physical location (panel name, rack, slot etc.)
	(10) 2-wire or 4-wire instrument.

	2. Project Plan
	a. The Project Plan shall provide an overview of the proposed system including system architecture drawing, approach to work, proposed work schedule indicating milestones and potential meetings, project personnel and organization, details of factory t...
	(1) Schedule for all subsequent project submittals
	(2) Schedule for all project design review meetings
	(3) Schedule for manufacture, assembly and staging of all process control system equipment
	(4) Schedule for all tests
	(5) Schedule for shipment of all process control system equipment and peripheral devices
	(6) Schedule for equipment start-up
	(7) Schedule for all training

	3. Existing System Replacement Work Plan
	a. Provide in detail a step-by-step switchover plan from the existing system to the new PC/PLC-based monitoring and control system for the existing plant.
	b. The submittal shall provide the coordination details among Owner, General Contractor, and subcontractors that may be affected by the switchover plan.
	c. The submittal shall include a switchover schedule.

	4. Field Instruments
	a. This submittal shall provide complete documentation of all field instruments using ISA-S20 format.  A complete Bill of Materials (BOM) listing all instrumentation equipment shall be provided.
	b. Data Sheets
	(1) Provide data sheets for each instrument listing model numbers, options, and ancillary devices that are being provided.  The data sheets shall be provided with an index, proper identification, and cross-referencing.  The data sheets shall include, ...
	(2) Equipment Number and ISA tag number per the Loop Diagrams
	(3) Product (item) name used herein and on the Contract Drawings
	(4) Manufacturer's complete model number
	(5) Location of the device
	(6) Input output characteristics
	(7) Range, size, and graduations
	(8) Physical size with dimensions, enclosure NEMA classification and mounting details
	(9) Materials of construction of all components
	(10) Instrument sizing calculations where applicable
	(11) Certified calibration data for all flow metering devices
	c. Equipment Specification Sheets
	(1) Provide equipment specification sheets, which, shall fully describe the device, the intended function, how it operates and its physical environmental and performance characteristics.  Each data sheet shall have appropriate cross references to loop...
	a) Dimension, rigid clearances
	b) Mounting or installation details
	c) Connection
	d) Electrical power or air requirements
	e) Materials of construction
	f) Environmental characteristics
	g) Performance characteristics
	h) Complete information regarding the field instruments as required by ISA-S5.4 standards shall be provided under this contract.

	5. Digital System Hardware
	a. This submittal shall provide complete documentation of the proposed hardware (PLC’s, RIO’s, computers, communication equipment, cables, peripherals, etc.)  A complete BOM listing all digital hardware equipment shall be provided.
	b. The submittal shall include the following:
	(1) System Block Diagram
	A complete schematic system block diagram(s) showing the interconnections between major hardware components including, but not limited to:
	a) Control centers
	b) Panels
	c) Power supplies
	d) Consoles
	e) Computer and peripheral devices
	f) Telemetry equipment
	g) Local digital processors and like equipment
	h) Surge Protetion
	i) Fuses on Analog loops
	j) Radio connection to control systems
	(2) The block diagram shall reflect the total integration of all digital devices in the system and any human machine interface (HMI) locations.  Location of all components shall be clearly identified with appropriate cross-references.
	(3) The diagram shall reference all interconnecting cabling requirements for digital components of the system including any data communication links.
	c. Data Sheets
	(1) A data sheet for each hardware component listing all model numbers, options, auxiliary and ancillary devices that are being provided.
	(2) The data sheets shall be provided with an index, proper identification, and cross-referencing.  They shall include, but not be limited to, the following information:
	a) Equipment Number and ISA tag number
	b) Product (item) name used herein and on the Contract Drawings
	c) Manufacturer's complete model number
	d) Location of the device
	e) Input/output characteristics
	f) Range, size, and graduations
	g) Physical size with dimensions, enclosure NEMA classification and mounting details
	h) Materials of construction of all components
	i) Power supply device sizing calculations where applicable
	d. The Digital System Hardware submittal shall also contain all planning information, site preparation instructions, grounding and bonding procedures, cabling diagrams, plug identifications, safety precautions or guards, and equipment layouts in order...

	6. Panel Mounted Equipment
	a. This submittal shall provide complete documentation of all panel instruments,  and control equipment not submitted elsewhere.  A complete BOM listing all instrumentation and control equipment shall be provided.
	b. Provide data sheets for each component listing all model numbers, options, and ancillary devices that are being provided.  The data sheets shall be provided with an index, proper identification, and cross-referencing.  The data sheets shall include...
	(1) Plant Equipment Number and ISA tag number
	(2) Product (item) name used herein and on the Contract Drawings
	(3) Manufacturer's complete model number
	(4) Location of the device
	(5) Input - output characteristics
	(6) Range, size, and graduations
	(7) Physical size with dimensions, enclosure NEMA classification and mounting details
	(8) Materials of construction of all components
	(9) Panel instrument or control device sizing calculations where applicable
	c. Provide equipment specification sheets, which shall fully describe the device, the intended function, how it operates, and its physical environmental and performance characteristics.  Each equipment specification sheet shall have appropriate cross ...
	(1) Dimension, rigid clearances
	(2) Mounting or installation details
	(3) Connection
	(4) Electrical power or air requirements
	(5) Materials of construction
	(6) Environmental characteristics
	(7) Performance characteristics
	d. Provide detailed drawings covering control panels, consoles and/or enclosures, which shall include:
	(1) Cabinet assembly and layout drawings to scale.  Drawings shall include both front and interior subpanel layouts.
	(2) Material, fabrication, and painting specifications
	(3) Color selection samples for selection by the Engineer
	(4) Where graphic display panels are required, submit detailed layouts to scale, including symbols and line widths, as well as color selection samples and details of fabrication.  Half-scale layouts shall be acceptable.
	(5) Panel wiring diagrams showing all power connections to equipment within and on the panel, combined panel power draw requirements (volts, amps), breaker sizes, fuse sizes, and grounding.  This wiring diagram shall be in ladder logic format and shal...
	e. The submittal shall also contain all planning information, site preparation instructions, grounding and bonding procedures, cabling diagrams, plug identifications, safety precautions or guards, and equipment layouts in order to enable the General C...
	f. The submittal shall also include heat dissipation calculations for each enclosure.

	7. Testing (The PCSI shall invite City personnel to all tests)
	a. A test plan shall be submitted after the Owner and/or Engineer have approved all hardware submittals.  The test plan shall demonstrate that the PCSI has designed and configured a system that meets the design specifications. The test plan shall be s...
	b. The system shall be tested using the system architecture drawing and a Bill of Materials of all hardware indicating manufacturer, model, and serial number.  The documents for the test plan shall be structured so that the Engineer understands what t...
	c. The test plan should include the following as a minimum:
	(1) A BOM listing control system components’ manufacturer, model and serial number.
	(2) System hardware summary
	(3) A testing schedule describing the specific tasks to be performed and the time allotted for each task
	(4) Communications tests to the various PLCs for discrete and analog I/O data transfer
	(5) 100 percent I/O point test including all spare points based upon the previously submitted system I/O list
	d. Test procedures shall be submitted after the test plan submittal has been reviewed by the Engineer and returned stamped either Approved or Approved as Noted, Confirm.  The submittal shall document the proposed procedures to be followed during the t...
	e. For Test Documentation, submit a copy of the signed off test procedures upon completion of each required test.

	8. Training (Include City Plant Operators who will operate the plant via the HMI)
	a. Submit an overview of the proposed training plan.  Each proposed course shall include:
	(1) An overview of the training plan explaining why specific courses are proposed
	(2) Course title and objectives
	(3) Prerequisite training and experience of attendees
	(4) Recommended attendees
	(5) Course Content - A topical outline
	(6) Course Duration
	(7) Course Location - Training center or jobsite
	(8) Course Format - Lecture, laboratory demonstration, etc.
	b. The Engineer shall review the preliminary training plan submittal with the Owner.
	c. Upon receipt of the Owner's and Engineer's comments on the preliminary training plan, submit the specific proposed training plan.  The training plan shall include:
	(1) Definition of each course
	(2) Specific course attendance
	(3) Schedule of training courses including dates, duration, and location of each class
	(4) Resumes of the instructors who will actually conduct the training

	9. Loop Diagrams
	a. Provide detailed loop diagrams on single 11 inches x 17 inches or 8.5 inches x 11 inches sheets for each monitoring or control loop.  The submittal shall also be submitted in electronic format on a flash drive.  The loop diagrams shall show all com...
	(1) On each diagram present a tabular summary of:
	a) The output capability of the transmitting instrument
	b) The input impedance of each receiving instrument
	c) Estimate of the loop wiring impedance based on wire sizes and approximate length used
	d) The total loop impedance
	e) Reserve output capacity
	(2) Show all interconnecting wiring between equipment, panels, terminal junction boxes and field mounted components.  The diagrams shall show all components and panel terminal board identification numbers and all wire numbers.  This diagram shall incl...
	(3) Show location of all devices
	(4) Show instrument description showing type, manufacturer, model number, range, setpoints, and operation (e.g., fail open, open on energization, normally closed, etc.) as applicable.
	(5) Show all instrument loop power or instrument air requirements back to termination on terminal block or bulkhead, fuse blocks (including fuse size), etc., as applicable.
	(6) Show all grounding points within cabinets and panels and identify the connection point of individual components.
	(7) Complete information regarding the field instruments as required by ISA-S5.4 standards shall be provided on the loop diagrams under this contract.

	10. Spares, Expendables, and Test Equipment
	a. This submittal shall include the following for each Subsystem:
	(1) A list of, and descriptive literature for, spares, expendables, and test equipment as specified in Instrumentation Sections.
	(2) A separate list of, and descriptive literature for, additional spares, expendables, and test equipment recommended by the PCSI
	(3) Unit and total cost for the additional spare items recommended for each subsystem
	(4) Storage instructions for all spare parts
	(5) Any specialty software or hardware tools used during configuration of the project.
	NOTE: These specialty tools must be turned over to the Owner.

	11. Operation and Maintenance (O & M) Manuals
	a. Provide O & M Manuals per section 13300-1.12.
	b. The submittal shall also be submitted in electronic format on a CD-ROM



	1.06 REFERENCE STANDARDS
	A. American Society for Testing and Materials (ASTM).
	1. ASTM A269 - Standard Specification for Seamless and Welded Austenitic Stainless Steel Tubing for General Service.

	B. Instrument Society of America (ISA)
	1. ISA S5.2 - Binary Logic Diagrams for Process Operations
	2. ISA S5.3 - Graphic Symbols for Distributed Control/Shared Display Instrumentation Logic and Computer Systems.
	3. ISA S5.4 - Instrument Loop Diagrams

	C. American National Standards Institute (ANSI)
	1. ANSI X3.5 - Flowchart Symbols and Their Usage in Information Processing

	D. National Electrical Manufacturers Association (NEMA)
	E. Where reference is made to one of the above standards, the revision in effect at the time of bid opening shall apply.

	1.07 PCSI QUALIFICATIONS
	A. The PCSI shall perform all work necessary to select, furnish, configure, customize, debug, install, connect, calibrate, and place into operation all hardware and software specified within this specification and other related divisions of this speci...
	B. The PCSI shall be a “systems house” regularly engaged in the design and installation of computer systems and their associated subsystems as they apply to the municipal water or wastewater industry.  For the purposes of this specification section, a...
	1. Employs a Texas Registered Professional Control Systems Engineer or Texas Registered Professional Electrical Engineer to supervise or perform the work required by this specification section.
	2. Employs personnel on this project who have successfully completed a manufacturer’s training course on the configuration and implementation of the specific programmable controllers, computers, and software proposed for this project.
	3. Has performed work of similar or greater complexity on at least three projects within the last five years and has implemented and completed at least one of the three projects with the proposed HMI software.
	4. Has been in the water/wastewater industry performing the type of work specified in this specification section for a minimum of five continuous years.

	C. The PCSI shall maintain a fully equipped office/production facility with full time employees capable of fabricating, configuring, installing, calibrating, troubleshooting, and testing the system specified herein. Qualified repair personnel shall be...
	D. Actual installation of the system need not be performed by the PCSI’s employees; however, the PCSI shall provide the onsite technical supervision of the installation.
	E. The PCSI shall furnish equipment which is the product of one manufacturer to the maximum practical extent.  Where this is not practical, all equipment of a given type shall be the product of one manufacturer.
	F. The General Contractor must select a pre-approved PCSI from the list below.  Only pre-approved PCSI companies are accepted.
	BL Technology, Inc.
	13171 Misty Willow Drive
	Houston, TX, 77070
	Attn: Robert Lee
	Phone: 281-970-8191
	Boyer Inc.
	8904 Fairbanks N. Houston
	Houston, TX 77064
	Attn: Stacy Jordan
	Phone: 713-466-5395
	MCC Weimar
	Weimar Manufacturing
	505 South Eagle Street
	Weimar, TX 78962
	Attn: Frank Macaulay
	Phone: 979-725-8527

	G. Being listed in this specification section does not relieve any potential PCSI from meeting the qualifications specified in this section.
	H. Listed PCSI companies are not required to submit a qualification proposal.  Companies interested in being pre-approved as a PCSI, shall submit three (3) copies of a qualification proposal to the Engineer no later than two weeks before the bid openi...
	1. The qualification proposal shall provide details and a description of how the supplier proposes to fulfill the requirements set forth in this Specification.  The supplier shall present the proposal in sufficient detail so that proper evaluation reg...
	a. The proposal shall contain evidence that the supplier has sufficient financial resources to meet the obligations incidental to the performance of the work including available bonding.  (This requirement may be provided in the form of a verifiable o...
	b. The proposal shall contain a list of personnel available for assignment to the responsible positions of Project Manager, Project Engineer, Lead Programmer, Installation Supervisor, and Area Service Representative.  Also, include a concise resume of...
	c. The proposal shall contain the following specific information:
	(1) Maintenance services available for hardware and software: Evaluation will be based on the supplier's capability to provide the required routine and emergency services.  The supplier's proposal is to describe the capabilities and location of his/he...
	(2) Technical validation examples of recently completed and similar scope projects: The supplier shall provide information regarding type, size, complexity, and performance of five (5) systems recently completed, along with names, addresses, and telep...
	(3) A description of how the supplier plans to execute the various functions and locations where the various portions of the work will be performed, coordinated and managed (e.g., design, engineering, manufacturing, programming, testing and scheduling...
	d. The supplier shall be required to demonstrate a minimum of five (5) years recent, past experience in the design, manufacture and commissioning of instrumentation and control systems of comparable size, type and complexity to the proposed project.  ...
	e. The supplier shall indicate that he/she has in his/her employ capable personnel for detailed engineering, coordination, drafting, procurement and expediting, scheduling, construction, testing, inspection, installation, training start up service for...



	1.08 DELIVERY, STORAGE AND HANDLING
	A. Provide Delivery, Storage, and Handling requirements per Specification Section 01600 and as specified below:
	B. Shipping Precautions
	1. After completion of shop assembly, factory test, and approval, all equipment, cabinets, panels, and consoles shall be packed in protective crates and enclosed in heavy duty polyethylene envelopes or secured sheeting to provide complete protection f...
	2. Special instructions for proper field handling, storage, and installation required by the manufacturer for proper protection, shall be securely attached to the packaging for each piece of equipment prior to shipment.  The instructions shall be stor...
	3. None of the control equipment shall be shipped to the site until the room(s) are environmentally suitable.

	C. Identification
	1. Each component shall be tagged to identify its location, tag number and function in the system.  Identification shall be prominently displayed on the outside of the package.
	2. Each piece of equipment supplied shall have a permanent stainless steel tag firmly attached and permanently and indelibly marked with the instrument tag number, as given in the Drawings.

	D. Storage
	1. Equipment shall not be stored out of doors.  Equipment, including in line equipment, shall be stored in dry permanent shelters and adequately protected against mechanical injury.  If any apparatus has been damaged, the General Contractor, at his ow...


	1.09 PROJECT/SITE REQUIREMENTS
	A. Environmental Requirements.  All devices required are mounted in NEMA 3R enclosures.  UAll instrumentation enclosures and all instruments mounted outdoors shall be furnished with sun shields.
	B. Elevation.  Equipment shall be designed to operate at a ground elevation of approximately 1500 feet above mean sea level.
	C. Temperature.  Indoor areas' equipment shall be suitable for 10 to 35 C degrees ambient.  Outdoor areas' equipment shall be suitable for  30 to 50 C degrees ambient.  Storage temperatures shall range from zero to 50 C degrees ambient.  Additional co...
	D. Relative Humidity.  Air-conditioned area equipment shall be suitable for 20 to 95 percent relative, non condensing humidity.  All other equipment shall be suitable for 0 to 100 percent relative, condensing humidity.
	E. Power Supply.  120 volts AC sources of electric supply shall be unregulated industrial panel boards.

	1.10 MAINTENANCE
	A. Spare Parts
	1. Spare parts shall be as defined in the related specification sections.  All spare parts shall be new and unused.
	2. All spare parts shall be individually packaged and labeled.
	3. Provide one (1) gallon of touch up paint, in one quart containers, for each type and color used for all cabinets, panels, consoles, etc., supplied under the related specification sections.
	4. The spares listed above shall be packed in a manner suitable for long term storage and shall be adequately protected against corrosion, humidity, and temperature.


	1.11 WARRANTY
	A. Provide equipment warranties per Section 01740, Warranties and Bonds, and herein.

	1.12 O & M MANUALS
	A. Prior to final acceptance of the system and owner training, operating and maintenance manuals covering instruction and maintenance on each type of equipment shall be furnished in accordance with Section 01730, Operating and Maintenance Data.
	B. The instructions shall be bound in three ring binders with Drawings reduced or folded for inclusion and shall provide the following as a minimum:
	1. A comprehensive index
	2. A complete "As Constructed" set of approved shop Drawings
	3. A complete list of the equipment supplied, including serial numbers, ranges, and pertinent data
	4. Full specifications for each item
	5. System schematic drawings “As Constructed,” illustrating all components, piping and electrical connections of the systems supplied under this Section
	6. Detailed service, maintenance, and operation instructions for each item supplied
	7. Special maintenance requirements particular to this system clearly defined, along with special calibration and test procedures
	8. Operating instructions which incorporate a functional description of the entire system, with references to the systems schematic Drawings and instructions
	9. Complete parts lists with stock numbers and name, address, and telephone number of the local supplier

	C. The final documentation shall be new documentation written specifically for this project, but may include standard and modified standard documentation.  Modifications to existing hardware or software manuals shall be made on the respective pages or...
	D. The manuals shall contain all illustrations, detailed drawings, wiring diagrams, and instructions necessary for installing, operating, and maintaining the equipment.  The illustrated parts shall be numbered for identification.  All information cont...
	E. If the PCSI transmits any documentation or other technical information, which he considers proprietary, such information shall be designated.  Documentation or technical information which is designated as being proprietary will be used only for the...
	F. The final documentation requirements are as follows:
	1. As-built documentation shall include all previous submittals, as described in this Specification, updated to reflect the as built system.  Any errors in or modifications to the System resulting from the Factory and/or Field Acceptance Tests shall b...
	2. The Hardware Maintenance documentation shall describe the detailed preventive and corrective procedures required to keep the System in good operating condition.  Within the complete Hardware Maintenance documentation, all hardware maintenance manua...
	a. Operation Information - This information shall include a detailed description of how the equipment operates and a block diagram illustrating each major assembly in the equipment.
	b. Preventive Maintenance Instructions - These instructions shall include all applicable visual examinations, hardware testing, diagnostic routines, and the adjustments necessary for periodic preventive maintenance of the System.
	c. Corrective Maintenance Instructions - These instructions shall include guides for locating malfunctions down to the card replacement level.  These guides shall include adequate details for quickly and efficiently locating the cause of an equipment ...
	d. Parts Information - This information shall include the identification of each replaceable or field repairable module.  All parts shall be identified on a list in a drawing; the identification shall be of a level of detail sufficient for procuring a...
	e. System Backup/Restore - This information shall include a detailed description of the procedure for backing up the computer system (including PC and PLC); reloading using a backup; and completely restoring a PC and/or PLC from a backup.



	1.13 PROGRAMMING
	A. Schedule a meeting with CITY’s SCADA group and the SE to discuss the PLC programming philosophy for the project.
	B. The SE shall program PLCs to reflect the philosophy provided by CITY’s SCADA group.
	C. Schedule a meeting with CITY’s SCADA group and the SE to review programming.
	D. After new PLCs are operational, schedule a meeting with CITY’s SCADA group and the SE to review operation of PLCs.

	2.01 GENERAL
	A. Process Control System:
	1. All instrumentation supplied shall be of the manufacturer’s latest design and shall produce or be activated by signals that are established standards for the water and wastewater industries.
	2. All electronic instrumentation shall be of the solid state type and shall utilize linear transmission signals of 4 to 20 mA DC (milliampere direct current), however, signals between instruments within the same panel or cabinet may be 1-5V DC (volts...
	3. Output of equipment not of the standard signals as outlined, shall have the output immediately raised and/or converted to compatible standard signals for remote transmission.  No zero-based signals will be allowed.
	4. All instruments shall be provided with mounting hardware, floor stands, wall brackets, or instrument racks as shown on the Drawings or as required.
	5. Equipment installed in a hazardous area shall meet Class, Group, and Division as shown on the Electrical Drawings, to comply with the National Electrical Code.
	6. All indicators and recorder readouts shall be linear in process units, unless otherwise noted.
	7. All transmitters shall be provided with either integral indicators or conduit mounted indicators in process units, accurate to two percent (2%).
	8. Electronic equipment shall be of the manufacturer's latest design, utilizing printed circuitry and suitably coated to prevent contamination by dust, moisture and fungus.  Solid state components shall be conservatively rated for their purpose to ass...
	9. All equipment, cabinets, and devices furnished hereunder shall be heavy duty type, designed for continuous industrial service.  The system shall contain products of a single manufacturer, insofar as possible, and shall consist of equipment models t...
	10. The field mounted digital system equipment and system components shall be designed for installation in dusty, humid, and corrosive service conditions.
	11. All electronic/digital equipment shall be provided with radio frequency interference protection and shall be FCC approved.
	B. Electrical
	1. All equipment shall be designed to operate on a 60 Hertz alternating current power source at a nominal 120 volts, plus or minus 10 percent, except where specifically noted.  All regulators and power supplies required for compliance with the above s...
	2. Well Pump PLC equipment shall be powered by two separate 24VDC power supplies.  One pair of redundant 24VDC power supplies shall be furnished for the networking equipment and a separate pair of redundant 24VDC power supplies shall be furnished for ...
	3. Materials and equipment used shall be UL approved wherever such approved equipment and materials are available.
	4. All equipment shall be designed and constructed so that in the event of a power interruption, the equipment specified hereunder shall resume normal operation without manual resetting when power is restored.

	2.02 LIGHTNING/SURGE PROTECTION
	A. Lightning/Surge protection shall be provided to protect the electronic instrumentation system from induced surges propagating along the signal and power supply lines. The protection systems shall be such that the protective level shall not interfer...
	B. Either a two or three-stage protection circuit, depending on the application, shall furnish I/O protection.
	C. All wiring, hardware, and connection means shall comply with the National Electric Code and/or applicable local codes.
	D. All suppressors shall have integral mounting brackets to attach 35mm DIN rail conforming to DIN EN50022, with the exception of conduit mounted devices.
	E. The suppressor shall be mounted as close to the equipment it is protecting as possible.
	F. Mounting guidelines will be followed as indicated in installation instruction provided by the manufacturer.
	G. Wires shall be attached to the suppressor by means of a cable-clamping terminal block activated by a screw.  Connections shall be gas-tight, and the terminal block shall be fabricated of non-ferrous, non-corrosive materials.
	H. All wiring points and plug connections shall be “touch safe” with no live voltages that can make contact with a misplaced finger in accordance with IEC 529.
	I. Analog and discrete and data protection DIN rail mounted, pluggable devices shall meet the following.
	1. Surge suppression modules for 24V and 110V circuits shall be UL listed or recognized.
	2. Surge protection shall consist of a multistage hybrid circuit with staging inductors or resistors to properly coordinate the components.
	3. DIN rail mounted surge protection modules shall consist of two parts; a base terminal block and a plug protection module.  Replacing a plug shall not require the removal of any wires nor shall it interrupt the signal.  Base and plug shall have the ...
	4. Surge protection for analog or discrete I/O shall be designed to withstand a maximum 10 kA test current of a 8/20 microsecond waveform according to IEC 1024 Application Guide A and ANSI/IEEE C62.41 Category C Area.
	5. Surge protection for hazardous area locations will conform to EN 50 020/DIN EN 50 020/VDE 0170/0171 part 7: 1996-04.  Surge protection for hazardous areas shall have at least 500V isolation between intrinsic safety ground and earth ground.
	6. Both plugs and bases shall have a rating of IP20 according to IEC 529. Bases shall have an integral label holder to mark each terminal block.
	7. Operating temperature range shall be at least -40 C to +80 C.
	8. Bases shall include metal mounting foot, which provides ground connection to DIN-rail.
	9. Manufacturers:
	a. Analog: Phoenix Contact model series PT 2 x 2. One plug and base required for two analog loops.  Discrete 5-24V: Phoenix Contact model series PT 4 x 1. One plug and base required for every four discrete signals.  Discrete 60-230V: Phoenix Contact m...
	b. Dehn, with models to match the Phoenix Contact device ratings.
	c. Approved Equal.
	J. Analog and discrete DIN rail mounted, non-pluggable, high density devices shall meet the following
	1. Surge protection shall consist of a multistage hybrid circuit with staging inductors or resistors to properly coordinate the components. Series resistance shall not exceed 4.7 ohms (+/- 10%).
	2. DIN rail mounted surge protection housing width shall not exceed 6.2mm.
	3. Surge protection for analog and digital I/O shall be designed to withstand a 5 kA test current of a (8/20)s waveform according to IEC 1024 Application Guide A and ANSI/IEEE C62.41 (Line to Ground). Surge handling capability of Line 1 + Line 2 shall...
	4. Operating temperature range shall be at least -40C to +85C.
	5. Maximum load current through the surge protection module shall not exceed 250 milliamps for analog and digital signal protection.
	6. Cutoff frequency for analog modules shall be 3 MHz for a 50-ohm system and 1 MHz for a 150-ohm system. Cutoff frequency for digital modules shall be 2 MHz for a 50-ohm system and 600 KHz for a 150-ohm system.
	7. Wire size range shall between 24 and 14 AWG.
	8. Ex-I modules shall contain only diode and gas tube (no MOV) and shall be isolated from ground by 500VDC as required by EN 50 020.
	9. Manufacturers
	a. Phoenix Contact model series TT-2-PE-24DC, TT-2/2-24DC, or TT-EX(I)-24DC.  Phoenix Contact model series PT 2 x Ex(I)-24DC. One plug and base required for two analog loops or four discrete signals.
	b. Dehn, with models to match the Phoenix Contact device ratings.
	c. Approved Equal.
	K. Analog Signals (Conduit Mounted)
	1. Surge protection shall consist of a multistage hybrid circuit utilizing only diodes and gas discharge tubes but no metal oxide varistors (MOVs).
	2. Surge protection for analog and digital I/O shall be designed to withstand a 10 kA test current of a (8/20) µs waveform according to IEC 1024 Application Guide A and ANSI/IEEE C62.41 Category C Area.
	3. Surge protection shall not have more than 10 ohms of series resistance.
	4. Surge protection shall have a response time less than 1µs.
	5. Maximum operating voltage shall not exceed 28 VDC.
	6. Surge protection shall not have a cutoff frequency less than 400kHz (for a 600 ohm system) to allow HART protocol and other superimposed smart digital signals to function.
	7. Surge protection module shall have an operating temperature range of at least -40 C to +65 C.
	8. Maximum load current through the surge protection module shall not exceed 250 mA.
	9. Manufacturers:
	a. Phoenix Contact model series PIPETRAB. Protection circuit is mounted in 3/4" stainless steel pipe nipple.
	b. Dehn, with models to match the Phoenix Contact device ratings.
	c. Approved Equal.

	3.01 GENERAL INSTALLATION
	A. The process control system, instrumentation, and accessory equipment shall be installed in accordance with the manufacturer's instructions.  The locations of equipment, transmitters, alarms, and similar devices shown on the drawings are approximate...
	B. Two complete sets of approved shop drawings shall be kept at the job site during all on site construction.  Both sets shall be marked up identically to reflect any modifications made during field installation or start up.  All markings shall be ver...
	C. Following completion of installation and the Operational Readiness Test, one set of the marked up drawings shall be provided to the Engineer; the other set shall be retained by the Supplier for incorporation of the mark ups into final as built docu...
	D. The instrumentation installation details on the Contract Drawings indicate the designed installation for the instruments specified.  Where specific installation details are not specified or shown on the Drawings, the American Petroleum Institute (A...
	E. All work shall be executed in full accordance with codes and local rulings.  Should any work be performed contrary to said rulings, ordinances and regulations, the General Contractor shall bear full responsibility for such violations and assume all...
	F. All equipment used in areas designated as hazardous shall be designed for the Class, Group, and Division as required on the Electrical Drawings for the locations.  All work shall be in strict accordance with codes and local rulings.  Should any wor...
	G. Unless specifically shown in the Contract Drawings, direct reading or electrical transmitting instrumentation shall not be mounted on process piping.  Instrumentation shall be mounted on instrument racks or stands as detailed on the installation de...
	H. All piping to and from field instrumentation shall be provided with necessary unions, test tees, couplings, adapters, and shut off valves.
	I. Field instruments that require power supplies shall be provided with local electrical shutoffs and fuses as required.
	J. Brackets and hangers required for equipment mounting shall be provided and shall be installed in a workmanlike manner and not interfere with any other equipment.
	K. The PCSI shall investigate each space in the building through which equipment must pass to reach its final location.  If necessary, the PCSI shall be required to ship material in sections sized to permit passing through restricted areas in the buil...
	L. The shield on each process instrumentation cable shall be continuous from source to destination and be grounded at the source end as directed by the manufacturer of the instrumentation equipment.  In no case shall there be more than one ground poin...
	M. Lifting rings shall be removed from cabinets/assemblies.  Hole plugs the same color as the cabinet shall be provided for the holes.
	N. The PCSI, acting through the General Contractor, shall coordinate the installation, the placing and location of system components, and their connections to the process equipment panels, cabinets and devices, subject to the Engineer's approval.  The...
	O. The PCSI shall provide service by the PLC service representative to verify that the entire PLC system is installed per the manufacturer's requirements.  The PCSI shall supply certified copies of all the tests/field reports supplied by the PLC servi...
	P. The PCSI shall provide service by a factory-trained representative to verify that the entire local area network (LAN) is installed per the manufacturer’s requirements.  The PCSI shall include in his bid the cost of the factory trained representativ...

	3.02 TESTS (GENERAL)
	A. The PCSI shall test all equipment at the factory prior to shipment. Unless otherwise specified in the individual specification sections, all equipment provided by the PCSI shall be tested at the factory as a single fully integrated system.
	B. As a minimum, the testing shall include the following:
	1. Unwitnessed Factory Test (UFT)
	2. Functional Demonstration Test (FDT)

	C. Each test shall be in the cause and effect format.  The person conducting the test shall initiate an input (cause) and, upon the system's or subsystem's producing the correct result (effect), the specific test requirement shall be satisfied.
	D. All tests shall be conducted in accordance with prior Engineer approved procedures, forms, and checklists.  Each specific test shall be described and followed by a section for sign off by the appropriate party after its satisfactory completion.
	E. Copies of these sign off test procedures, forms, and checklists will constitute the required test documentation.
	F. Provide all special testing materials and equipment.  Whenever possible, perform tests using actual process variables, equipment, and data.  When it is not practical to test with real process variables, equipment, and data, provide suitable means o...
	G. The General Contractor shall require the PCSI to coordinate all testing with the Engineer, all affected Subcontractors, and the Owner.
	H. The Engineer reserves the right to test or retest all specified functions whether or not explicitly stated in the prior approved Test Procedures.
	I. The Engineer's decision shall be final regarding the acceptability and completeness of all testing.
	J. No equipment shall be shipped until the Engineer has received all test results and approved the system.
	K. The PCSI shall furnish servicemen and all special calibration and test equipment to perform the field tests.
	L. Correction of Deficiencies
	1. All deficiencies in workmanship and/or items not meeting specified testing requirements shall be corrected to meet specification requirements at no additional cost to the Owner.
	2. Testing, as specified herein, shall be repeated after correction of deficiencies is made until the specified requirements are met.  This work shall be performed at no additional cost to the Owner.


	3.03 UNWITNESSED FACTORY TESTS (UFT)
	A. The entire system, except primary elements, final control elements, and field mounted transmitters, shall be interconnected and tested to ensure the system operates as specified.  All analog and discrete input/output points not interconnected at th...
	B. All panels and assemblies shall be inspected and tested to verify that they are in conformance with related submittals, specifications, and Contract Drawings.
	C. During the tests all digital system hardware and software shall have operated continuously for  five days without a failure to verify the system is capable of continuous operation.  The unwitnessed factorytest results shall be submitted to the Engi...

	3.04 FUNCTIONAL DEMONSTRATION TEST (FDT)
	A. Prior to startup, the entire installed instrument and control system shall be certified that it is ready for operation.  All preliminary testing, inspection, and calibration shall be complete.  The FDT will be a test by the PCSI.
	B. Once the facility has been started up and is operating, a witnessed FDT shall be performed on the complete system to demonstrate that it is operating and in compliance with these Specifications.  Each specified function shall be demonstrated on a p...
	C. Loop-specific and non-loop-specific tests shall be the same as specified under WFT except that the entire installed system shall be tested and all functionality demonstrated.
	D. Updated versions of the documentation specified to be provided during the factory tests shall be made available to the Engineer at the job-site both before and during the tests.  In addition, one copy of all O&M Manuals shall be made available to t...
	E. The daily schedule specified to be followed during the factory tests shall also be followed during the FDT.
	F. The system shall operate for 100 continuous hours without failure before this test shall be considered successful.
	G. Demonstrate communication failure and recovery
	H. Demonstrate total power failure and recovery.  NOTE: The UPS shall be removed for this test.
	I. Demonstrate a catastrophic failure and recovery of a workstation and a RTU (PLC).
	J. Demonstrate procedure for backing up the workstation, and RTU (PLC); reload using a backup; and completely restore a workstation and RTU (PLC) from a backup.
	K. The PCSI shall invite City SCADA, Electrical and Operations personnel to attend, witness and participate in the FDT.
	L. The PCSI shall provide a documented test plan for the FDT.  The test plan shall be submitted 60 days prior to testing.  City SCADA, Electrical and Operations personnel shall provide comments on the test plan to the City’s Project Manager.  The PCSI...
	M. If City personnel determine the FDT is not successful, the PCSI shall repeat the FDT until the FDT is approved by the City.

	3.05 TRAINING
	A. General
	1. The cost of training programs for the Owner’s personnel shall be included in the Contract price.  Where practical, the training and instruction shall be directly related to the system being supplied.  The training shall be provided based on time an...
	2. Training shall be conducted at the Owner’s facilities.
	3. All Technicians, Operators, Engineers, and Managers of the Facility shall require training on the Process Control System (PCS).  The training courses shall address operation, maintenance, and troubleshooting of the system provided.  The courses sha...
	4. All training schedules shall be coordinated with, and at the convenience of, the Owner.  Shift training may be required to correspond to the Owner's working schedule.
	5. Provide detailed training manuals to supplement the training courses.  The manuals shall include specific details of equipment supplied and operations specific to the project.
	6. The trainer shall make use of teaching aids, manuals, slide/video presentations, etc.  After the training services, all training materials shall be delivered to Owner.
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	1.05 REFERENCE STANDARDS
	1.06 QUALITY ASSURANCE
	1.07 DELIVERY, STORAGE, AND HANDLING
	1.08 SPARE I/O
	1.09 MANUFACTURER SUPPORT

	PART 2  PRODUCTS
	2.01 Programmable Logic COntroller (PLC)
	2.02 PLC SOFTWARE
	2.03 SPARE PARTS

	PART 3  EXECUTION
	3.01 GENERAL INSTALLATION
	3.02 PANEL LAYOUT


	13340 - Instruments
	PART 1  GENERAL
	1.01 SCOPE OF WORK
	1.02 RELATED WORK
	1.03 SUBMITTALS
	1.04 MAINTENANCE
	1.05 Instrument Tags
	1.06 APPROVALS/CERTIFICATIONS
	1.07 MANUFACTURERS’ START-UP AND TRAINING SERVICES

	PART 2  PRODUCTS
	2.01 MAGNETIC FLOWMETER

	PART 3  EXECUTION
	3.01 GENERAL


	13441 - SCADA SW Eng Sec and Quality Req
	1.01 PURPOSE
	A. This document identifies requirements for SCADA software and programming used for the control and monitoring for each  Water Well and Re-Pumping Station.   These requirements are intended to address three related areas: 1) SCADA Homeland Security R...
	1. According to the National Strategy for Homeland Security water facilities are part of the nation’s critical infrastructure and the government agencies that are responsible shall take specific steps to improve SCADA security.
	a. Government agencies are required to “Establish policies to minimize the likelihood that organizational personnel will inadvertently disclose sensitive information regarding SCADA system design, operations, or security controls” and “Release data re...
	b. In compliance with these Homeland Security requirements all SCADA related information is restricted to authorized personnel.

	2. In compliance with Texas Engineering Practice Act (Article 3271a) and the recognition that SCADA software is an integral part of the electrical control of the water facilities and is therefore within the jurisdiction of the act:
	a. All SCADA software related work shall be performed by a licensed engineering firm meeting the qualifications as specified in these requirements and referred to within as the Software Engineer (SE). The software produced for the project shall be sta...

	3. Additionally, these requirements are to refine and perpetuate software engineering and software quality standards that will benefit the Drinking Water Operations Branch of the Department of Public Works and Engineering in the areas of facility oper...
	a. The requirements are intended to benefit facility operations through encouraging SCADA standards of consistency in facility functionality and operation, improved process visibility, improved efficiency and control, lower operating costs and reduced...
	b. These requirements specify SCADA related issues in construction, deliverables and qualifications that will help ensure the availability and quality of SCADA system integration.
	c. SCADA related software integration activities have been identified as a key point of quality control for construction projects.  The SE shall subcontract directly to the general contractor and shall perform an independent assessment of the SCADA re...



	2.01 SCOPE
	A. The requirements defined in this document apply to COH Drinking Water Operations SCADA software including system control, monitoring and integration.    The scope includes new and existing facility construction projects where new SCADA software is ...
	1. SCADA software activities shall be performed only by the pre-approved SE and include: PLC programming, HMI configuration and graphics development, historical logging software application and report generation, network configuration and programming.
	2. Manufactured packaged subsystems with pre-engineered software may be specifically excluded if specified in that subsystem equipment specification, that the system shall be shipped with the software as a fully functional unit.  The system PLC and HM...
	3. These requirements apply to all SCADA security related activities including configuration of servers, workstations and network equipment.

	3.01 SOFTWARE ENGINEERING REQUIREMENTS
	A. The SE shall perform the software engineering functions as required within the scope section meeting the requirements within.
	1. The SE shall use the COH standards for SCADA software engineering and Homeland Security in all work performed.

	a. The SE shall identify and communicate omissions and required modifications to these standards.
	b. Details on these standards are restricted to authorized personnel only according to the Homeland Security requirements and are not included in these requirements.  The pre-approved SE is authorized for access to these standards.
	B. The SE shall provide the SCADA related submittals as defined in the submittals section.
	1. The SE shall perform the work required to complete the required SCADA software submittals.
	2. The SE shall review and report on the SCADA related submittals of the project subcontractors and equipment providers.

	C. The SE shall assist the project team including; the engineer, the water operations and equipment suppliers with the SCADA integration issues.
	1. The SE shall attend project meetings as required by the project team.
	2. The SE shall assist the project team with functional test of the system.

	a. This may include providing project related process data from the SCADA system.

	4.01 SUBMITTALS
	A. Within 30 days of the notice to proceed the SE shall submit a letter of SE qualifications specifically addressing each item of qualification as defined in these requirements.
	1. Include the SE professional engineering firm licensed number and date of issuance.
	2. Include a statement addressing the awareness of the Homeland Security concerns and intention to restrict the dissemination of security sensitive SCADA network information to those who are authorized by the COH and require the information in the sup...

	B. Within 90 days of the notice to proceed the SE will submit the Software Engineering Manual (Preliminary Report).
	1. Include the software conventions for the use in the HMI development.
	2. Include diagrams and schedules for all network devices associated with the process control and monitoring for the facility/facilities.
	3. Include the interfaces for the City SCADA network.
	4. Identify every network component (new and existing).
	5. The Software Engineering Manual will be updated for the final O&M.

	C. The SE will submit letters of software and network integration compatibility to be included in all the control related submittals.
	1. Included but not limited to: PLCs, network devices, computers, HMI devices.
	2. Include deviations from City standards and the construction specifications for electrical control drawings and tag naming conventions.
	3. Include deviations from the submitted Software Engineering Preliminary Report.
	4. Include the manufacturer supplied package systems with control panels.
	5. The SE shall distribute monthly a Software Engineering Integration Schedule highlighting software and system integration progress and issues.

	D. Factory demonstration test confirmation report
	1. After the required factory demonstration test the SE shall submit a report confirming the related software and network compatibility.

	E. Field Acceptance Functional Test
	1. Shall be completed prior to performance and reliability testing.
	2. Field Acceptance Functional Test Submittals shall include:

	a. Field Acceptance Functional Test Plan Submittal.
	b. Description of plan for testing field devices.
	c. Description of plan for function test and system integration of each subsystem.
	d. Field Acceptance Functional Test Schedule shall be submitted after the acceptance of the test plan submittal.
	e. Field Acceptance Functional Test plan completion report shall be submitted.
	F. Updated Software Engineering Manual (Final Version)
	1. Update and submit a singled CD with all related SCADA software.
	2. Control and network components.
	3. Inventory of software components.
	4. Network device configuration documentation.
	5. Software Engineering documentation.
	6. PLC and HMI software shall be documented using the product development tool.
	7. Software shall be stamped as required in Texas Engineering Practice Act (Article 3271a §137.33 Sealing Procedures) with the date, the engineers name, the PE designation with license number.
	8. The SE will collect and submit all software and network device configuration programs and data developed for the project.


	PART 5:  SOFTWARE ENGINEER (SE) QUALIFICATIONS

	13460 - Communication Path Study
	1.01 PURPOSE
	A. This document identifies requirements for the Communication Path Study of the existing water radio system used for the control and monitoring for each  Water Well and Re-Pumping Station.   These requirements are intended to address three areas:
	1. Radio Engineering Report evaluating the existing Signal Strength from the Master Radio to and from the associated remote wells.
	2. Radio Engineering Report with existing radio configuration, Received Signal Strength Indication (RSSI) Readings, Well site and master radio coordinates and all related background and supportative information.
	3. Recommendation modifications necessary to improve radio signal strength for high robust signal system with a construction cost. Imporvements shall include antenna heights, antenna type modifications, remote well site radio reconfiguration with repe...


	2.01 SCOPE
	A. Gather information to perform an Communication Path Study Report prior to any modification of the existing water well sites. Include description of all test equipment and calibration certification.
	B. Include hardware, software, and installation configuration for the existing radio system existing conditions and related equipment background.
	C. Provide field tests on the recommended solutions to improve the RSSI for the well remote and master radio system. Account for all seasonal tree folage at its maximum when making the radio system recommendations.

	3.01 REQUIREMENTS
	A. Present the Communication Path Study to the City of Houston representation with 30 days from the notice to proceed. Provide written notice of the date within 60 days after the notice to proceed.
	B. In the presentation, outline the finding and recommendations with the construction cost proposal.
	C. Decision on the construction proposal will be provided by the City of Houston representation with 60 days after the completed Communicaiton Path Study and construction proposal.
	D. Provide a minimum of 8 Communicaiton Path Study Reports with the construction proposal.


	15162 lineshaft deep well pumps
	16010 Basic Electrical Requirements
	1.01 SECTION INCLUDES
	A. Basic requirements specifically applicable to the work of Division 16 - Electrical Requirements.
	B. The Contractor shall furnish equipment, materials, and labor for assembly and installation plus check out and start-up of the complete electrical system as shown on the Drawings and stipulated in the Specifications.

	1.02 MEASUREMENT AND PAYMENT
	A. No separate payment will be provided for work performed under this Section.  Include the cost for this work in the lump sum base bid.
	B. Refer to Section 01270 – Measurement and Payment.

	1.03 REFERENCES
	A. As a minimum requirement, the electrical system shall be constructed in accordance with:
	1. American National Standards Institute/National Fire Protection Association (ANSI/NFPA), No. 70 - National Electrical Code (NEC) as adopted by the City of Houston.
	2. City of Houston Building Code.
	3. Other applicable Codes and Standards.

	B. Comply with local, county, state and federal regulations and codes in effect.
	C. Equipment of foreign manufacture must meet U.S. codes and standards.
	D. Equipment and materials shall conform to requirements of these specifications.

	1.04 QUALITY ASSURANCE
	A. Product Conformance Certificate and Quality Assurance Release.  Submit an overall conformance certificate for electrical components signed by the person responsible for product quality.
	B. Specifically identify the purchased material or equipment by project name and location, purchase order number, supplements, and item number where applicable, including materials and services provided by others.  Indicate that all requirements have ...
	C. Field Inspection
	1. Electrical work shall be inspected and approved by the local code inspector and the City Engineer.
	2. Contractor shall give a minimum of one day’s notice to the Inspector that the installation is ready for inspection and two days’ notice to the City Engineer.
	3. Concealed work shall be inspected before it is covered:
	a. Conduit with stub-ups, underground in duct banks before concrete is poured.
	b. Conduit in slabs, walls and ceilings, complete with boxes.

	4. Electrical equipment and materials shall be inspected for compliance with specifications, upon arrival by the City Engineer.


	1.05 SITE CONDITIONS
	A. Take the following site conditions into consideration when fabricating, erecting, installing and wiring electrical equipment under this contract:
	1. Plant Location Houston
	2. Seismic Zone Zone 0
	3. Wind Velocity 135 mph
	4. Temperature, Min. / Max.:
	a. Coldest Winter Month Low = −20 F   /   High = 40 F
	b. Warmest Summer Month Low =  90 F   /   High = 110 F
	c. Lowest Expected 11 F
	d. Highest Expected 105 F

	5. Rainfall:
	a. Annual 45 inches
	b. Design 3.4 inches/hour, 8.4 inches/24 hours

	6. Design Relative Humidity: 98%
	7. Station Barometric Pressure:
	a. Average Annual 29.5 inches Hg Absolute.



	1.06 RESPONSIBILITY FOR ELECTRICAL WORK
	A. The work in this section is subject to al the requirements in all the related sections of the specifications including the General and Special Conditions. The electrical contractor shall coordinate all the work in this section with all the trades, ...

	2.01 COMPONENT DESIGN
	A. Components utilized in the construction of the material or equipment shall be of the latest proven design, new and in current production.  Do not use obsolete components or components to be phased out of production.  Components must be of the most ...

	3.01 PREPARATION
	A. Verify dimensions and ratings of equipment and materials to ensure proper fit and performance.

	3.02 INSTALLATION
	A. Install equipment and materials in accordance with the Drawings and manufacturer's written instructions.  If field conditions necessitate changes in electrical installation, obtain approval from the City Engineer.

	3.03 DEMONSTRATION
	A. Test the electrical system to specification requirements and demonstrate correct installation and operation of equipment.


	16111 Conduit
	1.01 SECTION INCLUDES
	A. Specification for Conduit, Fittings and Bodies.  See Specification Section 16402, Underground Duct Banks, for additional requirements.

	1.02 MEASUREMENT AND PAYMENT
	A. No separate payment will be made for work performed under this Section.

	1.03 RELATED SECTIONS
	A. Specification 16195, Electrical Identification.
	B. Specification 16402, Underground Duct Banks.

	1.04 REFERENCES
	A. American National Standards Institute (ANSI)
	1. ANSI C80.1:  Rigid Steel Conduit - Zinc Coated
	2. ANSI C80.3:  Electrical Metallic Tubing - Zinc Coated
	3. ANSI C80.4:  Fittings for Rigid Metal Conduit
	4. ANSI C80.5:  Rigid Aluminum Conduit

	B. Federal Specifications
	1. W-C-58C:  Conduit Outlet Boxes, Bodies Aluminum and Malleable Iron
	2. W-C-1094:  Conduit and Conduit Fittings Plastic, Rigid
	3. WW-C-566C:  Liquid Tight Flexible Metal Conduit
	4. WW-C-581D:  Coatings on Steel Conduit

	C. National Electrical Manufacturers Association (NEMA)
	1. NEMA RN1:  Polyvinyl-Chloride Externally Coated Galvanized Rigid Steel Conduit and Electrical Metallic Tubing
	2. NEMA TC2:  Electrical Plastic Tubing (EPT) and Conduit (EPC-40 and EPC-80)
	3. NEMA TC3:  PVC Fittings for Use with Rigid PVC Conduit and Tubing

	D. National Fire Protection Association (NFPA), ANSI/NFPA 70 - National Electrical Code (NEC)
	E. Underwriters' Laboratories (UL)
	1. UL 1:  Liquid Tight Flexible Metal Electrical Conduit
	2. UL 6:  Rigid Metal Electrical Conduit
	3. UL 514B:  Fittings for Conduit and Outlet Boxes
	4. UL 651:  Schedule 80 Rigid PVC Conduit
	5. UL 651A:  Type EB and A Rigid PVC Conduit and HDPE Conduit
	6. UL 797:  Electrical Metallic Tubing
	7. UL 886:  Electrical Outlet Boxes and Fittings for Use in Hazardous Locations
	8. UL 1684:  Reinforced Thermosetting Resin Conduit


	1.05 SUBMITTALS
	A. Submit the following under the provisions of Section 01330 - Submittal Procedures:
	1. Manufacturer's cut sheets, catalog data
	2. Installation, terminating and splicing procedure
	3. Instruction for handling and storage
	4. Dimensions and weight
	5. Code compliance certificate
	6. Conformance certificate


	1.06 QUALITY ASSURANCE
	A. Tests
	1. Rigid steel conduit shall pass the bending, ductility, and thickness of zinc coating tests described by ANSI C80.1.
	2. PVC coated rigid galvanized steel conduit shall have the PVC coating adhesion tested to conform to the “ETL Verified PVC-001” label.
	3. Liquid tight flexible conduit shall pass the tension, flexibility, impact, and zinc coating test described by UL 1.
	4. Nonmetallic conduit and fittings shall pass the test requirements of NEMA TC2, UL 651 and 651A and Federal specification W-C-1094A.


	1.07 DELIVERY STORAGE AND HANDLING
	A. Package conduit in 10-foot bundles maximum, except for PVC conduits which may be up to 20 feet in length, with conduit and coupling thread protectors suitable for indoor and outdoor storage.  Package fittings in manufacturer's standard quantities a...
	B. Store conduit above ground on racks to prevent corrosion and entrance of debris.

	2.01 MATERIALS AND EQUIPMENT
	A. Design Conditions.  Use electrical conduit, fittings, and bodies designed for service in areas as specified in Section 16010 - Basic Electrical Requirements and this section to form a continuous raceway system for power, control, and instrument cab...
	B. Conduit and Fittings
	1. Rigid Aluminum Conduit and Fittings
	a. Rigid Aluminum Conduit, bends, nipples, bodies, etc., shall be manufactured from aluminum alloy 6063-T1 and shall comply with the latest ANSI C80.5 requirements.
	b. Fittings for Rigid Aluminum Conduit shall be cast aluminum with aluminum covers attached to the conduit fitting by stainless steel captive screws (Crouse-Hinds Mark 9 or equivalent).
	2. Rigid Steel Conduit and Fittings
	a. Rigid Steel Conduit, bends, nipples, bodies, etc., shall be hot-dipped galvanized and shall comply with the latest ANSI C80.1, UL 6, Federal Specification WW-C-581D, and NEC Article 344.
	b. Mild steel tubing shall be used for conduit, nipples, and couplings, and shall be free of defects on both the inner and outer surfaces.
	c. Fittings and bodies and covers for rigid steel conduit shall be steel or cast-iron and shall comply with ANSI C80.4, UL 514B, and Federal Specification W-C-58C.
	3. PVC-Coated Rigid Galvanized Steel Conduit and Fittings
	a. PVC-coated conduit, fittings, bodies, and covers shall be Form 8 and conform to NEMA RN 1 (Type A).  Rigid steel galvanized conduit and fittings shall conform to Federal Specifications WW-C-581 D and ANSI C 80.1.  PVC-coated rigid metal conduit mus...
	b. PVC-coated couplings shall be of the ribbed type.
	c. Condulet covers shall have a V-Notch seal and encapsulated stainless steel thumb screws.
	d. Condulets and covers shall be of malleable iron or ferroalloy material before coating.
	e. Urethane coating shall be a minimum of 2 mil thickness on the interior of the conduit and the interior of fittings, condulets, covers, and bodies.
	f. All PVC coated conduits and fittings shall be supplied by the same manufacturer. An acceptable manufacturer of PVC coated conduit is Robroy Industries, Inc.
	4. Electrical Metallic Tubing and Fittings
	a. Electrical Metallic Tubing (EMT) shall be galvanized steel tubing and shall comply with the latest ANSI C80.3 and UL 797 requirements.
	b. EMT fittings shall be galvanized malleable iron or steel compression type which tighten around the tubing by use of hex compression nuts.  EMT connectors shall have insulated throats.  Zinc or pot metal compression fittings are not acceptable.  Set...
	5. Liquid Tight Flexible Metal Conduit and Fittings
	a. Use liquid tight flexible metal conduit with spiral-wound, square locked, hot dip galvanized steel strip, manufactured in accordance with UL 1 and Federal specification WW-C-566C.
	b. Fittings used with liquid tight flexible metal conduit shall be 316 Stainless Steel. Fittings shall be of such design as to thoroughly ground the conduit to the fittings, and through it to the box or enclosure to which it is attached.
	c. Liquid tight flexible fittings for use in hazardous areas shall comply with UL 886, NEC Article 501, and Federal Specification W-C-586C.
	6. PVC Conduit and Fittings.  Use PVC conduit, bends, and fittings, which comply with NEMA TC2, W-C-1094, and NEC Article 352 for above ground and underground installation.  Conduit shall be Schedule 40 where conduit is concrete encased and Schedule 8...
	7. Epoxy Fiberglass Conduit and Fittings
	a. Use epoxy fiberglass conduit, bends and fittings which comply with UL 1684 and NEC Article 352 for underground applications.
	b. Where used for bends greater than 15 degrees in underground duct bank conduits, provide epoxy fiberglass bends with a deep socket PVC coupling factory attached to each end of each bend.
	c. When used for stub-ups, provide an epoxy fiberglass elbow with a vertical epoxy fiberglass nipple to extend the conduit upward to a termination point.  Join the elbow to the nipple with an epoxy fiberglass straight socket connection joined with epo...
	d. Epoxy fiberglass conduit shall have a wall thickness of 0.070” for sizes ¾” through and including 4” conduit.  A wall thickness of 0.096” shall be provided for 5” epoxy fiberglass conduit.
	e. An acceptable manufacturer of epoxy fiberglass conduit is Champion Fiberglass, 6400 Spring Stuebner Road, Spring, TX 77389, 281-655-8900.
	8. Cable Tray and Fittings
	a. Cable tray, bends, and covers shall be Aluninum with 316 Stainless Steel hardware. All tray accessories shall be specifically designed for the series of tray installed, field fabricated tray items are not acceptable. Cable tray shall be installed a...
	b. Dimensions: unless otherwise indicated on the drawings. Depth: 6”, Width 24”. Fittings shall have a minimum radius of 12 inches.
	c. Type: unless otherwise indicated on the drawings all tray shall be Ladder type with 6 inch rung spacing.
	d. Support: all tray support components shall be specifically designed for the series of tray installed. Tray supports shall have amaximum spacing of 8’-0”. Splice plates shall be “wedge lock” design with locking hardware.
	e. Fittings: all conduit entrance fittings shall be UL Listed and designed for the tray utilized.
	f. Grounding: any disconnected sections of the tray system shall be bonded with copper grounding “jumpers”. All boding hardware shall be 316 Stainless Steel. Any splice plate connection that exceeds 0.00033 Ohms shall have supplemental bonding with a ...

	3.01 PREPARATION
	A. Ensure that the conduit system to be installed is sized properly for the cable and wire requirements.
	B. Verify the actual physical conduit route from the conduit plan drawings and prepare the conduit support system.
	C. Verify the equipment locations to which the conduit will be connected and determine detail requirements for connections.

	3.02 INSTALLATION
	A. Install Rigid Aluminum Conduits in all indoor and outdoor locations, unless a different type of conduit is identified below for a specific application.  The minimum bending radius for Rigid Aluminum Conduits containing 5 kV and higher voltage cable...
	B. Install Schedule 80 PVC conduits in all indoor areas where chemicals are stored, metered, pumped or processed.
	C. Install Rigid Steel Conduits inside valve vaults and valve manholes.
	D. Install Schedule 40 PVC conduits for all underground applications including all single conduits, duct banks, and where conduits are encased in concrete slabs.  See Specification 16402, Underground Duct Banks, for additional requirements.  For stub-...
	E. EMT conduit shall not be installed at any locations for permenant installation.  EMT is acceptable for Temporary Facilities to be removed upon completion of work, requiring Temporary facilities.
	F. Run exposed conduit parallel or perpendicular to walls, ceilings or main structural members.  Group multiple conduits together where possible.  Conduit shall not interfere with the use of passageways, doorways, overhead cranes, monorails, equipment...
	G. Installation and support of conduits shall be from steel or concrete structures using Type 316 stainless steel Unistrut P1000 (or equivalent by other vendors) attached with Type 316 stainless steel bolts, expansion anchors and associated hardware. ...
	H. Identify conduits at termination points like MCC, light fixtures, control panels, receptacles, and junction boxes.
	I. Not more than 3 equivalent 90 degree bends will be permitted between outlets.  Provide bonded expansion fittings at building expansion joints.
	J. Install conduit runs so that they are mechanically secure, mechanically protected from physical harm, electrically continuous, and neat in appearance.  The interiors of conduit shall provide clean, smooth raceways through which conductors may he dr...
	K. Cut conduit square with a power saw or a rotary type conduit cutter designed to leave a flat face.  Do not use plumbing pipe cutters for cutting conduit.  Ream the cut ends of conduit with a reamer, designed for the purpose to eliminate rough edges...
	L. Make up changes in direction of conduit using elbows or fittings.  Do not use pull boxes to make direction changes unless specifically designated otherwise.
	M. Field fabricated bends shall be free of indentations or elliptical sections.  The radius of the bends shall not be less than listed in Paragraph 3.02 (this paragraph) of this specification.
	N. Protect all conduit terminations from mechanical injury.  Prevent the entry of moisture and foreign mater into the conduit system shall be prevented by properly capping terminations.
	O. Avoid trapped runs of conduit, if possible.  When they are necessary, provide drainage using a "tee" condulet equipped with a drain.  Conduit is likely to pass through areas with a temperature differential of 20 degrees F or more.  Seal penetration...
	P. Fit all conduit crossing building or structure expansion joints with approved expansion fittings, except that fittings will not be required when conduit crossing an expansion joint is supported on trapeze hangers in such a way that at no time will ...
	Q. Where conduit terminates in sheet metal enclosures and where no threaded hubs are provided, fit the conduit with double locknuts and bushings.  Sheet metal enclosures located outside or in any other wet, damp or corrosive areas shall be furnished w...
	R. Provide liquid tight flexible metallic conduit where necessary to allow for movement or to localize sound or vibration, at transformers, at motors and any other rotating equipment unless shown otherwise on Contract Drawings.
	S. Seal all openings or holes where conduits pass through walls or floors.  When passing thru a firewall or floor, use a fire-rated seal.  Certain walls, as indicated on the drawings, require environmental (air-tight) seals; seal as indicated on the D...
	T. Install explosion-proof seals in conduit runs crossing or entering a hazardous classified area (as shown on Contract Drawings).  Install type CSBE removable sealing fittings to seal pump cables between wet well and first junction box.
	U. Unless otherwise indicated on the Contract Drawings, install expansion fittings every 300 feet within a straight conduit run and where conduit crosses building expansion joints, using bonding straps to ensure ground continuity.
	V. Parallel runs of conduit may be supported by structural steel racks.  When two or more racks are arranged one above the other, provide vertical separation of not less than 12 inches between racks, unless otherwise indicated on the Contract Drawings...
	W. Fill conduit racks no more than 75 percent of their capacity, providing usable space for future conduit.  To ensure this, conduits leaving the rack horizontally shall be offset up or down so that future conduits may be installed in the space remain...
	X. Where conduit racks are supported on rods from beam clamps or by some other non-rigid suspension system, install rigid supports at no more than 50-foot intervals to give lateral stability to the rack.
	Y. Conduit racks or hangers must in no way interfere with machinery (or its operation), piping, structural members, process equipment, or access to anticipated future equipment.  Refer to architectural, structural, equipment layout and piping drawings...
	Z. Support conduit sizes 2 inches and larger at spacings not exceeding 10 feet and conduit sizes 1-1/2 inches and smaller at spacings not exceeding 8 feet.
	AA. Support conduit runs with Type 316 stainless steel conduit clamps, hangers, straps and Type 316 stainless steel metal framing channel attached to structural steel members.
	BB. Install conduits supported form building walls with at least 1/4-inch clearance from the wall to prevent the accumulation of dirt and moisture behind conduit.
	CC. The minimum conduit size shall be 3/4-inch.
	DD. Provide conduit tags for conduits as indicated in Specification 16195, Electrical Identification.


	16120 600 Volt Ins Wire
	1.01 SECTION INCLUDES
	A. Specifications for 600-volt insulated wire for power and controls.

	1.02 MEASUREMENT AND PAYMENT
	A. No separate payment will be made for work performed under this Section.

	1.03 RELATED SECTIONS
	A. Section 16195 - Electrical Identification.

	1.04 REFERENCES
	A. American National Standards Institute/National Fire Protection Association (ANSI/NFPA), NFPA 70 - National Electrical Code (NEC), Article 310 - Conductors for General Wiring
	B. Underwriter's Laboratories (UL)
	1. UL 83:  Thermoplastic Insulated Wires and Cables
	2. UL 1063:  Machine Tool Wires and Cables

	C. American Society for Testing and Materials (ASTM)
	1. ASTM B3:  Soft or Annealed Copper Wires
	2. ASTM B8:  Concentric-Lay-Stranded Copper Conductors, Hard, Medium Hard, Soft

	D. Insulated Cable Engineers Association (ICEA), ICEA S-61-402:  Thermoplastic-Insulated Wire and Cable for the Transmission and Distribution of Electrical Energy (NEMA WC-5)

	1.05 SUBMITTALS
	A. Submit the following under the provisions of Section 01330 - Submittal Procedures.
	1. Manufacturer's cut sheets, catalog data
	2. Instruction for handling and storage
	3. Dimensions and weight
	4. Conformance certificate


	1.06 QUALITY ASSURANCE
	A. Tests.  Cable shall meet all the requirements of Part 6 of ICEA S-61-402.
	B. Conformance Certificate and Quality Assurance Release.  Submit a conformance certificate signed by the person responsible for product quality.  The certificate shall specifically identify the purchased material or equipment; such as by the project ...

	1.07 DELIVERY, STORAGE, AND HANDLING
	A. Ship wire and cable on manufacturer's standard reel sizes unless otherwise specified. Where cut lengths are specified, mark reel footage accordingly.  Each reel shall contain one continuous length of cable.  Provide impact protection by wood laggin...

	2.01 ACCEPTABLE MANUFACTURERS
	A. American Insulated Wire Corporation
	B. Carol Cable Company, Inc.
	C. General Cable Company
	D. Houston Wire and Cable
	E. Okonite Company
	F. Rome Cable Company
	G. Triangle Wire and Cable, Inc.

	2.02 600-VOLT INSULATED WIRE
	A. Design.  Provide insulated wire designated as XHHW-2 single conductor type and UL 83 and UL 1063 listed, rated 600 volts and certified for continuous operation at maximum conductor temperature of 90 degrees C in dry locations and 90 degrees C in we...
	B. Conductors.  Provide conductors which are Class B, concentric-stranded, annealed uncoated copper with physical and electrical properties complying with ASTM B3 and B8 and Part 2 of ICEA S-61-402.
	C. Insulation.  Each conductor shall be insulated with cross linked synthetic polymer. The insulation thickness shall match the dimensions listed in Table 310-13 of the National Electrical Code (NEC) for type XHHW-2 wire.
	D. Wire Marking
	1. Wire marking shall be in accordance with National Electrical Code (NEC) Article 310-11 and shall be printed on the wire insulation at 2-foot intervals.
	2. The printing method used shall be permanent and the color shall sharply contrast with the jacket color.
	E. Single conductor color coding for power conductors follows.  When colored insulated conductors are not available, wrap color tape around ends of conductors.
	System Voltage A B C Neutral
	120/240 Volt 1Ph/3w Black Red  White
	208/120 Volt 3Ph/4w Black Red Blue White
	120/240 Volt 3Ph/4w Black Orange Blue White
	480/277 Volt 3Ph/4w Brown Purple Yellow Grey
	Ground  Green

	2.03 600-VOLT INSULATED MULTI-CONDUCTOR CABLE
	A. Multi-conductor cable shall consist of an assembly of individual XHHW-2 insulated wires with an overall flame retardant PVC jacket over the multi-conductor assembly.  The PVC jacket minimum thickness shall be 45 mils.
	B. Cable Marking
	1. Wire marking shall be in accordance with National Electrical Code (NEC) Article 310-11 and shall be printed on the wire insulation at 2-foot intervals.
	2. The printing method used shall be permanent and the color shall sharply contrast with the jacket color.

	2.04 POWER CONDUCTOR SIZES NO. 12 AND 10 AWG
	A. Dry Locations
	1. Minimize splices
	2. Use twist type pressure connectors which screw-on conductors to splice wires.  Connectors shall be factory insulated for 600 volts and rated for 105 degrees C.
	3. Use Buchanan B-CAP wire connectors or 3M Scotchlok spring connectors.
	B. Wet Locations
	1. Minimize splices
	2. Splice conductors with copper (not CU/AL) crimp type compression sleeves.  Cover splices with heat shrink sleeves, Raychem Type WCSM (tubing type sleeves) or Raychem Type CRSM (split sleeve with stainless steel closure spline).

	2.05 POWER CONDUCTORS NO. 8 AWG AND LARGER
	A. All locations
	1. Minimize splices.
	2. Splice conductors with copper (not CU/AL) crimp type compression sleeves.  Cover splices with heat shrink sleeves, Raychem Type WCSM (tubing type sleeves) or Raychem Type CRSM (split sleeve with stainless steel closure spine).
	3. Terminate power conductors no. 8 AWG and larger with copper crimp type compression lugs.  Conductors 4/0 AWG and larger shall be terminated with long barrel two-hole lugs.

	2.06 CONTROL WIRES
	A. Dry Locations
	1. Do not splice control wires unless there is not other way to make the installation.
	2. Terminate all control wires on terminal blocks in junction boxes, terminal cabinets, control cabinets and in equipment.  Use insulated crimp type tin-plates copper terminals with locking fork ends (upturned leg ends) to terminate control wires on t...
	B. Wet Locations
	1. Do not splice control wires unless there is no other way to make the installation.
	2. Splice conductors with copper (not CU/AL) crimp type compression sleeves.  Cover splices with heat shrink sleeves, Raychem Type WCSM (tubing type sleeves) or Raychem Type CRSM (split sleeve with stainless steel closure spine).

	3.01 PREPARATION
	A. Complete the cable raceway systems and underground duct banks before installing cables.
	B. Verify sizing of raceways and pull boxes to ensure proper accommodation for the cables.
	C. Check the length of the cable raceway system against the length of cable on the selected reel.
	D. Clean conduits of all foreign matter before cables are pulled.

	3.02 INSTALLATION
	A. Wiring Methods
	1. Use XHHW-2 wire for lighting, power and control wiring where conductors are enclosed in raceways like in above ground conduit systems or in underground duct banks.
	2. Do not use solid conductors.
	3. Use conductors not smaller than No. 12 AWG stranded for lighting circuits.
	4. Use conductors not smaller than No. 14 AWG for control circuits, unless specifically directed otherwise on the Contract Drawings.
	5. Splice conductors only where absolutely necessary.  Splices must be minimized.  Use the longest conductor lengths possible to reduce the number of splices.
	6. Splices associated with taps for lighting and control circuits are allowed.
	7. Make splices in accessible junction boxes.

	B. Wire and Cable Identification
	1. Provide wire and cable tags for control wiring ad indicated in Specification Section 16195, Electrical Identification.
	2. Provide color coding tape on power wire and cables without colored insulation or jackets.

	C. Single Conductors in Conduit and Duct bank
	1. Install cables in accordance with the manufacturer's instructions and the National Electrical Code (NEC), Chapter 3 - Wiring Methods and Materials.  Do not exceed maximum wire tension, maximum insulation pressure and minimum bending radius.
	2. Pull cables into conduits using Polywater J pulling lubricant.

	D. Tests
	1. In general, test insulation integrity of the wiring system before terminating.
	2. Make sure to disconnect sensitive electronic equipment before testing insulation.
	3. Use a 500 VDC megohmmeter and perform a megger insulation test on every conductor in accordance with the operating instructions.  Provide a test report for conductors size 4/0 AWG and larger.  Tests for conductors size 250 kcmil and larger shall be...

	E. Termination
	1. After the 600-volt wiring system has been tested with satisfactory results, reconnect wire.



	16126 Instrumentation Cable
	1.01 SECTION INCLUDES
	A. Specifications for instrumentation cable.

	1.02 MEASUREMENT AND PAYMENT
	A. No separate payment will be made for work performed under this Section.

	1.03 RELATED SECTIONS
	A. Section 16195 – Electrical Identification.

	1.04 REFERENCES
	A. American Society for Testing and Materials (ASTM).
	1. ASTM B3:  Soft or Annealed Copper Wires.
	2. ASTM B8:  Concentric-Lay-Stranded Copper Conductors, Hard, Medium Hard, Soft.
	3. ASTM B33:  Tinned Soft or Annealed Copper Wire for Electrical Purposes.

	B. Institute of Electrical and Electronics Engineers (IEEE), IEEE 383-2.5:  IEEE Standard for Type Test of Class IE Electric Cables, and Field Splices.
	C. Insulated Cable Engineers Association (ICEA).
	1. ICEA S-61-402:  Thermoplastic-Insulated Wire and Cable for the Transmission and Distribution of Electrical Energy (NEMA WC-5).
	2. ICEA S-66-524:  Cross-Linked-Thermosetting-Polyethylene-Insulated Wire and Cable for the Transmission and Distribution of Electrical Energy (NEMA WC-7).
	3. ICEA S-68-516:  Ethylene-Propylene-Rubber-Insulated Wire and Cable for the Transmission and Distribution of Electrical Energy (NEMA WC-8).

	D. Underwriters' Laboratories (UL).
	1. UL 44:  Rubber Insulated Wires and Cables.
	2. UL 83:  Thermoplastic Insulated Wire and Cables.

	E. American National Standards Institute/National Fire Protection Association (ANSI/NFPA), NFPA No. 70 - National Electrical Code (NEC), Chapter No. 3 - Wiring Methods and Materials, Article 725 - Class 1, Class 2, and Class 3 Remote Control, Signalin...

	1.05 SUBMITTALS
	A. Submit the following under the provisions of Section 01330 – Submittal Procedures:
	1. Completed manufacturer's data sheets, cut sheets, and catalog data.
	2. Installation, terminating and splicing procedure (including bending radius and pulling tension data).
	3. Instruction for handling and storage.
	4. Dimensions and weight.


	1.06 QUALITY ASSURANCE
	A. Tests
	1. Cable shall be tested at the factory to confirm that the cable complies with requirements of ICEA Section 7.7.9 of S-66-524 or 7.5.9 of S-68-516.
	2. Where applicable, the cable shall meet the requirements of the vertical tray flame test as described in IEEE 383-2.5.


	1.07 DELIVERY, STORAGE AND HANDLING
	A. Ship cable on manufacturer's standard reel sizes unless otherwise specified.  Where cut lengths are specified, mark reel footage accordingly.  Each reel shall contain one continuous length of cable. Provide impact protection by wood lagging or suit...

	2.01 MANUFACTURERS
	A. Alpha Wire Corporation
	B. Belden Division, Cooper Industries, Inc.
	C. Cablec Continental Cables Company
	D. General Cable Company
	E. Houston Wire and Cable
	F. Manhattan Electric Cable Corporation
	G. Okonite Company
	H. Southwire Corporation

	2.02 MATERIALS AND EQUIPMENT
	A. Design.  Provide cable with the following design characteristics.  The cable shall consist of multiple conductors.  The cable assembly shall be UL listed, flame, oil and sunlight resistant, and certified for continuous operation in wet or dry locat...
	B. Conductors.  Provide conductors which are Class B, concentric stranded, annealed tinned copper whose physical and electrical properties comply with ASTM B3, B8 or B33.
	C. Insulation.  Each conductor shall have 600-volt PVC insulation.  The minimum insulation thickness shall not be less than 15 mils of PVC with a 4 mil nylon jacket with an overall 90 degree C rating.
	D. Drain Wire.  Provide drain wire which is Class B, seven-stranded, tin-coated copper in accordance with ASTM B3, B8, or B33.  The drain wire shall not be less than two AWG sizes smaller than the insulated conductor's size, except for multiple pair t...
	E. Shielding.  Provide shielding consisting of laminated, nonburning, mylar-backed aluminum tape applied helically around a twisted pair or triad with the aluminum side in continuous contact with the drain wire.  Wrap the tape around each twisted pair...
	F. Jacket.  The pair or triad outer jacket shall be a minimum of 45 mils of PVC.
	G. Conductor Identification.  Use individual conductors in single-pair and single-triad cables which are color coded black and white; and black, white and red, respectively. Multi-pair triad cables shall have one conductor in each pair or triad colore...
	H. Cable Marking.  Print cable marking information on the jacket of each cable at 2-foot intervals.  Use a permanent printing method with color sharply contrasting the jacket color.

	2.03 TERMINATIONS
	A. Terminate instrument cables on terminal blocks in junction boxes, terminal cabinets control cabinets and in equipment.  Use insulated crimp type tin-plated copper terminals with locking fork ends (upturned leg ends) to terminate instrument cables o...
	B. Instrument cables shall not be spliced in underground pull boxes.

	2.04 CABLE IDENTIFICATION
	A. Provide cable tags for instrument cables as indicated in Specification Section 16195, Electrical Identification.

	3.01 PREPARATION
	A. Complete cable raceway systems, underground duct banks and cable support systems before installing cables.
	B. Verify sizing of raceways and pullboxes to ensure proper accommodation for the cables.
	C. Check the length of the cable raceway system against the length of cable on the selected reel.
	D. Do not install or work on PVC insulated or jacketed cables in temperatures below 32 degrees F.
	E. Clean conduits of foreign matter before cables are pulled.
	F. Provide at least 25 percent spare pairs or triads.

	3.02 INSTALLATION
	A. Cable in Conduit and Duct bank
	1. Install cables in accordance with the manufacturer's instructions and NEC Article 725 - Class 1, Class 2, and Class 3 Remote Control, Signaling and Power Limited Circuits.  Do not exceed maximum wire tension, maximum insulation pressure and minimum...
	2. Pull cables into conduits using Polywater J lubricant to reduce friction.  Lubricants must not be harmful to the conductor insulation or cable jacket.

	B. Cable in Tray.  (Not Used)
	C. Termination
	1. Do not splice conductors.  Use insulated crimp type tin-plated copper terminals with locking fork ends (upturned leg ends) to terminate cables to terminal blocks.
	2. For shielded control cable, terminate the shield and ground at one end only, preferably at the control panel end for instrument and communication cable and at the supply end for electronic power cables.
	3. Mark wiring on both ends with circuit numbers or loop tag numbers.  Heat shrink wire tags after wire terminals have been installed.

	D. Tests
	1. Before connecting the cables, test insulation integrity and conductor continuity.
	2. Use a 500 VDC megohms meter and perform the cable insulation test in accordance with the operating instructions.
	3. Termination.  After the 600-volt instrument cable has been tested with satisfactory results, the cable shall be terminated at both ends to the designated terminal points.



	16131 D P J and T Boxes
	1.01 SECTION INCLUDES
	A. Specifications for device, pull, and junction boxes.

	1.02 MEASUREMENT AND PAYMENT
	A. No separate payment will be made for work performed under this Section.

	1.03 RELATED SECTIONS
	A. Specification 16195, Electrical Identification.

	1.04 REFERENCES
	A. American National Standards Institute/National Electrical Manufacturers Association (ANSI/NEMA).
	1. FB1 - Fittings and Support for Conduits and Cable Assemblies
	2. 250 - Enclosures for Electrical Equipment (1000 volts maximum)

	B. American National Standards Institute/National Fire Protection Association (ANSI/NFPA), NFPA70 - National Electrical Code (NEC) - Article 370 - Outlet Device, Pull and Junction Boxes, Conduit Bodies and Fittings.
	C. Underwriters Laboratories (UL):
	1. 50 - Safety Cabinets and Boxes
	2. 508 - Safety Industrial Control Equipment
	3. 514B - Safety Fittings for Conduit and Outlet Boxes
	4. 886 - Safety Outlet Boxes and Fittings for Use in Hazardous Areas


	1.05 SUBMITTALS
	A. Submit the following under provisions of Section 01330 – Submittal Procedures:
	1. Manufacturer's cut sheets, catalog data
	2. Instruction for handling and storage
	3. Installation instructions
	4. Dimensions and weights


	1.06 DELIVERY, STORAGE AND HANDLING
	A. Pack and crate boxes to permit ease of handling and to provide protection from damage during shipping, handling and storage.

	2.01 ACCEPTABLE MANUFACTURERS
	A. Stainless Steel Boxes
	1. Hoffman Industrial Products
	2. Pauluhn Electric Manufacturing Company
	3. Hennessy
	4. Tanco
	5. Tejas
	6. Circle A.W.
	B. Cast Device Boxes
	1. Appleton Electric Company
	2. Crouse-Hinds, Division of Cooper Industries
	3. Killark Electric Manufacturing Company

	2.02 MATERIALS AND EQUIPMENT
	A. Pull, Junction and Terminal Boxes
	1. Provide UL-approved junction boxes and pull boxes manufactured from Type 316 stainless steel sheet metal and meeting requirements of NEMA 4X for corrosive and wet area, NEMA 250 and NEC Article 370.
	2. Provide boxes with a Type 316 stainless steel continuous hinge, closure hasps and all- stainless steel hardware.
	3. Furnish the door with neoprene gasket and provision for padlock.
	B. Device Boxes
	1. Provide UL-approved boxes designed and manufactured to house electrical devices like receptacles and switches, and in conformance with NEMA FB1 and NEC Article 370.
	2. Supply boxes that are cast aluminum or 316 stainless steel, suitable for corrosive and wet atmosphere.
	C. Hardware for all Boxes
	1. Mounting Hardware:  Type 316 Stainless steel
	2. Conduit Connectors:  Watertight as manufactured by Myers Hubs, or equal.

	3.01 PREPARATION
	A. Review the Contract Drawings and provide the proper type boxes.

	3.02 INSTALLATION
	A. Boxes described in this specification shall be used both in dry and wet, corrosive areas, both inside and outside locations.
	B. Install boxes in accordance with NEC Article 370 in locations indicated on the Contract Drawings.
	C. Install junction and pull boxes in readily accessible places to facilitate wire pulls, maintenance and repair.
	D. Plug unused conduit openings.
	E. Make conduit connections to sheet metal boxes with watertight conduit connectors.


	16140 Wiring Devices
	1.01 SECTION INCLUDES
	A. Specifications for wiring devices including:
	1. Receptacles
	2. Wall switches.
	3. Wall plates and cover plates.


	1.02 MEASUREMENT AND PAYMENT
	A. No separate payment will be made for work performed under this Section.

	1.03 RELATED SECTIONS
	A. Specification 16195, Electrical Identification.

	1.04 REFERENCES
	A. American National Standards Institute/National Electrical Manufacturers Association (ANSI/NEMA):
	1. NEMA WD1 - General Purpose Wiring Devices.
	2. NEMA WD6 - Dimensional Requirements.

	B. Federal Specifications (WC-596F).
	C. American National Standards Institute/National Fire Protection Association (NFPA):
	1. NFPA No. 70 - National Electrical Code (NEC), Articles 210 Branch Circuits, 250 Grounding and 410, Paragraphs 56, 57 and 58.


	1.05 SUBMITTALS
	A. Submit the following under provisions of Section 01330 - Submittal Procedures:
	1. Product Data:  Manufacturer's product literature and specifications including dimensions, weights, certifications and instructions for handling, storage and installation.


	1.06 DELIVERY, STORAGE AND HANDLING
	A. Pack and crate devices to permit ease of handling and protect from damage during shipping, handling and storage.

	2.01 ACCEPTABLE MANUFACTURERS
	A. Hubbel Inc. Wiring Devices Division
	B. Pass & Seymour/Legrand.
	C. TayMac Corporation

	2.02 MATERIALS AND EQUIPMENT
	A. Standards:  Conform to NEMA WD1 for general requirements and NEMA WD6 for dimensional requirements.
	B. Manufacture devices to heavy-duty industrial specification grade with brown nylon bodies back and side wiring provisions and green-colored grounding screws.
	C. Receptacles:
	1. Duplex-type extra heavy duty receptacles:  Rated 20 amps at 120 volts.
	2. Contacts:  Brass or phosphor bronze.
	3. Receptacle grounding system:  Extend to the mounting strap unless isolated ground is indicated or required.
	4. GFI or GFCI (ground fault circuit interrupter) receptacles:  Provide feed-through type with test and reset button.
	D. Wall Switches:
	1. Toggle switches:  Rated 20 amps at 120/277 volts AC rated for both resistive and inductive loads.
	2. Contacts:  Silver cadmium oxide construction to prevent sticking, welding and excessive pitting.
	E. Cover Plates:
	1. In outdoor, corrosive and wet areas, provide cover plates of cast metal, gasketed with spring-loaded hinged covers and stainless steel hardware.
	2. In indoor industrial areas, provide cast aluminum cover plates.
	3. In indoor finished areas, provide Type 302 stainless steel cover plates.

	3.01 PREPARATION
	A. Verify that device boxes are correctly placed.
	B. Verify that the correct quantity, size and type of wires are pulled to each device box.
	C. Verify that wiring has been checked at both ends.
	D. Prepare wire ends for connection to devices.
	E. Inspect each wiring device for defects.

	3.02 INSTALLATION
	A. Install products in accordance with manufacturer's instructions.
	B. Install devices plumb and level.
	C. Install switches with OFF position down.
	D. Install receptacles with grounding pole on top.
	E. Connect wiring device grounding terminal to outlet box with bonding jumper.
	F. Connect wiring devices by wrapping conductors clockwise around screw terminals.
	G. Install cover plates on switch, receptacle and blank outlets in finished areas.
	H. Energize and test devices for proper operation.


	16161 Panelboards
	1.01 SECTION INCLUDES
	A. Specifications for panelboards.

	1.02 MEASUREMENT AND PAYMENT
	A. No separate payment will be made for work performed under this Section.

	1.03 RELATED SECTIONS
	A. Specification 16195, Electrical Identification.

	1.04 REFERENCES
	A. American National Standards Institute/National Electrical Manufacturers Association (ANSI/NEMA)
	1. NEMA AB1:  Molded Case Circuit Breakers
	2. NEMA PB1:  Panelboards
	3. NEMA PB1.1:  Instruction for Safe Installation Operation and Maintenance of Panelboards rated 600 volts or less.
	4. NEMA PB1.2:  Application Guide for Ground-fault Protective Devices for Equipment

	B. Federal Specifications, FS W-C-375A:  Circuit Breakers, Molded Case, Branch Circuit and Service.
	C. American National Standards Institute/National Fire Protection Association (ANSI/NFPA), NFPA No. 70 - National Electrical Code (NEC), Article 384 - Switchboards and Panelboards.

	1.05 SUBMITTALS
	A. Submit the following under provisions of Section 01330 – Submittal Procedures:
	1. Manufacturer's cut sheets and catalog data
	2. Breaker arrangement
	3. Breaker characteristic curves
	4. Instruction for handling and storage
	5. Installation instructions
	6. Dimensions and weights


	1.06 DELIVERY, STORAGE AND HANDLING
	A. Have panelboards packed and crated to permit ease of handling and to provide protection from damage during shipping, handling and storage.
	B. Contractor shall store panelboards in a dry environment and protect panelboards from moisture during construction.

	2.01 ACCEPTABLE MANUFACTURERS
	A. Cutler-Hammer
	B. Square D Company

	2.02 MATERIALS AND EQUIPMENT
	A. Basic Requirements
	1. Use panelboards manufactured and tested in accordance with NEMA PB 1.
	2. 125VDC rated fused switch panelboards are described in the drawings and are required.
	3. Provide circuit breakers of industrial grade, manufactured and tested in accordance with NEMA AB 1 and Federal Specification FS W-C-375.
	4. Do not exceed 42 available single pole branch circuits in any one panelboard.
	B. Rating
	1. Voltage rating, current rating, number of phases, number of wires and number of poles are indicated on Contract Drawings.
	2. Branch circuit breaker interrupting capacity shall be minimum 10,000 ampere RMS symmetrical for 208V, and 240V; 25,000 ampere RMS symmetrical for 277V and 480V.
	C. Circuit Breakers:  Molded case, bolt-on thermal magnetic type with number of poles and trip ratings as shown on the Contract Drawings.  Provide ground fault interrupters with trip rating where shown on the Contract Drawings.
	D. Bus System
	1. Bus Bars:  98 percent conductivity copper.  Provide a solid neutral bar in 4-wire panelboards.  Include ground bus in all panels.  Provide split-bus panels where shown on Contract Drawings.
	2. Main:  Circuit breaker or main lugs only as indicated on the Contract Drawings or as required to meet the current interrupting ratings.
	E. Box and Trim
	1. Construction:  Code grade steel, ample gutter space, flush door, flush snap latch and lock.
	2. Trim:  Surface or flush as required.  Enclose panelboards located outdoors, or in other wet and corrosive areas in NEMA 4X weatherproof Type 316 stainless steel enclosures.  Enclose indoor panelboards in a NEMA 1 enclosure with manufacturer's stand...
	3. Directory:  Typed card, with glass cover in frame on back of door giving the circuit numbers and the area or equipment served.
	F. Conduit Connectors:  Watertight as manufactured by Myers Hubs, or equal.

	3.01 PREPARATION
	A. Review Drawings to verify that panelboards are correct for the application.

	3.02 INSTALLATION
	A. Install the panelboard in accordance with NEMA PB 1.1 and NEC Article 384.
	B. Mount panelboards 6'-0" (to top of cabinet) above finished floor or grade.
	C. In wet and corrosive areas, including outdoor locations, install panel enclosures on spacers to provide approximately 1/4-inch between back of cabinet and mounting surface.
	D. In wet and corrosive areas, including outdoor locations, connect conduit to the bottom of enclosure and to the lower 30 percent of the sides using watertight connectors.


	16170 Grounding and Bonding
	1.01 SECTION INCLUDES
	A. Grounding electrodes and conductors
	B. Equipment grounding conductors
	C. Bonding
	D. Power system grounding
	E. Communication system grounding
	F. Electrical equipment and raceway grounding and bonding
	G. Control equipment grounding

	1.02 MEASUREMENT AND PAYMENT
	A. No separate payment will be made for work performed under this Section.

	1.03 RELATED SECTIONS
	A. Specification 16195, Electrical Identification.

	1.04 REFERENCES
	A. American Society for Testing and Materials (ASTM)
	1. ASTM B3:  Soft or Annealed Copper Wires
	2. ASTM B8:  Concentric-Lay-Stranded Copper Conductors, Hard, Medium Hard, Soft
	3. ASTM B33:  Tinned Soft or Annealed Copper Wire for Electrical Purposes

	B. Institute of Electrical and Electronics Engineers (IEEE)
	1. IEEE 142-82:  Recommended Practice for Grounding of Industrial and Commercial Power Systems
	2. IEEE 383-2.5:  IEEE Standard for Type Test of Class IE Electric Cables, Field Splices, and Connections for Nuclear Power Generating Stations.

	C. Underwriters' Laboratories (UL)
	1. UL 83:  Thermoplastic Insulated Wire and Cables
	2. UL 467:  Grounding and Bonding Equipment

	D. National Fire Protection Association (NFPA), NFPA No. 70 - National Electrical Code (NEC), Article No. 250 - Grounding.

	1.05 SUBMITTALS
	A. Submit the following under the provisions of Section 01330 – Submittal Procedures:
	1. Manufacturer's cut sheets and catalog data
	2. Installation, terminating and splicing procedure
	3. Instruction for handling and storage
	4. Dimensions and weight


	1.06 QUALITY ASSURANCE
	A. Tests
	1. Use insulated cable conforming to requirements of the vertical tray flame test as described in IEEE 383-2.5.
	2. Test grounding system in the field in accordance with procedures outlined in Part 3 - Execution.


	1.07 DELIVERY, STORAGE AND HANDLING
	A. Ship grounding cable on manufacturer's standard reel sizes unless otherwise specified. Where cut lengths are specified, mark reel footage accordingly.  Each reel shall contain one continuous length of cable.
	B. Provide impact protection by wood lagging or suitable barrier across the traverse of the reel.  Pack and crate other materials specified to withstand normal abuse during shipping, handling and storage.

	2.01 ACCEPTABLE MANUFACTURERS
	A. Cable
	1. American Insulated Wire Company
	2. Cablec Continental Cables Company
	3. General Cable Company
	4. Okonite Company
	5. Pirelli Cable Corporation
	6. Rome Cable Corporation
	7. Triangle Wire and Cable, Inc.
	8. Southwire Corp
	B. Ground Rods and Connectors:
	1. Blackburn
	2. Copperweld
	3. Thomas & Betts
	C. Exothermic Connections:
	1. Burndy Corporation (Therm-O-Weld)
	2. Erico Products (Cadweld)
	D. Grounding Connectors:
	1. Burndy Corporation
	2. O.Z. Gedney
	3. Thomas & Betts

	2.02 MATERIALS AND EQUIPMENT
	A. Design.  Provide grounding cable and materials with the following characteristics:
	1. Use a grounding system designed in accordance with NEC Article No. 250 - Grounding, and the IEEE 142-2007 - Recommended Practice for Grounding of Industrial and Commercial Power Systems. Outdoor aluminuim lugs and connectors are not allowed.
	B. Materials
	1. Use grounding conductors, bare or insulated, which are manufactured and tested in accordance with applicable standards ASTM B3, ASTM B8 and ASTM B33.
	2. Provide a main ground system of No. 4/0 AWG, Class C stranded, bare copper cable.  Generally, taps shall be sized as follows:
	a. Main ground loop or grid  #4/0 minimum
	b. Switchgear, motor control
	centers and power transformers #4/0
	c. Motors 200 hp and above #4/0
	d. Power panels - AC and DC #2/0
	e. Control panels and consoles #2
	f. Building columns #4/0
	g. Fencing posts #2/0
	C. Where single conductor insulated grounding conductors are called for, use 600 volt insulation.  Use ground conductors identified with green insulation or green tape marking.
	D. Supply identifying ribbon which is PVC tape, 3 inches wide, red color, permanently imprinted with "CAUTION BURIED ELECTRIC LINE BELOW" in black letters as specified in Section 16195, Electrical Identification.
	E. Utilize flexible copper braid across hinged chain link or fence gates to bond the movable portion to the grounded fence post.

	3.01 REPARATION
	A. Complete site preparation and soil compaction before trenching and driving ground rods for the underground grid.
	B. Verify from Contract Drawings the exact location of stub-up points for grounding of equipment, fences and building or steel structures.

	3.02 CONSTRUCTION CRITERIA
	A. Local pushbutton and selector switch stations, two-wire control devices, disconnect switches, lighting transformers, panelboards, operator panels, benchboards, and the enclosures of other electrical apparatus shall be grounded through an equipment ...
	B. Ground all three phase motors, in addition to the grounding conductors in the motor feeder, with a separate No. 4/0 AWG cable to motor frame.
	C. Motors having power supplied by multiconductor cable shall be grounded by a separate grounding conductor in the cable and where supplied by single conductor cable in conduit by a grounding conductor pulled in the conduit.  Connect ground conductors...
	D. Do not ground the insulated bearing pedestals of large motors.
	E. Connect ladder-type cable trays to the grounding electrode system.  Use 4/0 AWG grounding conductor in power cable tray and #2 AWG in instrument and control cable trays.  Provide NEC and U.L.-approved ground clamps.
	F. All conduits must contain an equipment grounding conductor of at least one #12 AWG.

	3.03 INSTALLATION
	A. Equipment Grounding
	1. Make grounding connections to surfaces which are dry and cleaned of paint, rust, oxides, scales, grease and dirt to ensure good conductivity.  Clean copper and galvanized steel to remove oxide before making welds or connections.
	2. Use the exothermic welding process for below-grade grounding connections, except at ground rods.   Use mechanical connectors or thermal connections for above-grade grounding connections as shown on the Contract Drawings.
	3. Make grounding connections to electrical equipment, vessels, mechanical equipment and ground rods in accordance with the Contract Drawings.
	4. Ground tanks and vessels by making connections to integral structural supports or to existing grounding lugs or pads, and not to the body of the tank or vessel.
	5. Leave ground connections to equipment visible for inspection.  Protect this type connection with PVC non-metallic conduit.
	6. Make connections to motor frames and ground buses with lugs attached to the equipment by means of bolts.  Do not use motor anchor bolts or equipment housing for fastening lugs of grounding cable.
	7. Where the wiring for lighting systems consists of single conductor cables in conduit, provide each conduit with an equipment grounding conductor. Use a grounding conductor with green colored insulation and ground equipment in the lighting system.

	B. Raceway and Support Systems Grounding
	1. Install raceway, cable rack or tray and conduit so that it is bonded together and permanently grounded to the equipment ground bus, according to the Contract Drawings.  Connection to conduit may be grounding bushing or ground clamp.
	2. Install raceway at low voltage motor control centers or other low voltage control equipment so that it is bonded and grounded, except that any conduit which is effectively grounded to the sheet metal enclosure by bonding bushing or hubs need not be...
	3. Where a grounding conductor is run in or on a cable tray, bond the grounding conductor to each section of cable tray with a cable tray ground clamp.
	4. Where only grounding conductor is installed in a metal conduit, bond both ends of the conduit to the grounding conductor.
	5. Provide flexible "jumpers" around raceway expansion joints.  Use copper bonding straps for steel conduit.  Install jumpers across cable tray joints which have been parted to allow for expansion and any hinged cable tray connections.

	C. Fences and Gates. (Not Used)
	D. Power System Grounding
	1. Solidly ground the secondary neutral of transformers to the ground grid.or ground rod as shown.
	2. Solidly ground the neutral of lighting, instrument and control transformers.

	E. Cable Armor and Shields
	1. For shielded control cable, terminate and ground the shield at one end only, preferably at the control panel end for instrument and communication cable and at the supply end for electronic power cables. Maintain shield continuity by jumpering the g...
	2. Connect the ground wire in power cable assemblies at each terminal point to a ground bus, if available, or to the equipment enclosure.  Do not carry these ground wires through a "doughnut" current transformer (CT) used for ground fault relaying; do...

	F. Test
	1. Perform ground resistance tests after underground installation and connections to building steel are complete, unless otherwise noted on applicable Contract Drawings.
	2. Make tests at each ground test well using a "fall of potential" test method. Each ground test well shall not exceed a maximum resistance of 5 ohms. Where measured values exceed this figure, install additional ground rods as required to reduce the r...

	G. Inspection.  Inspection of the grounding system by the City Engineer and the local Code Inspector must take place before the grid trenches are backfilled.


	16195 Identification
	1.01 SECTION INCLUDES
	A. Specification for electrical identification including:
	1. Nameplates and labels
	2. Wire and cable markers
	3. Conduit markers
	4. Cable tray markers
	5. Underground warning tape
	6. Warning labels


	1.02 MEASUREMENT AND PAYMENT
	A. No separate payment will be made for work performed under this Section.

	1.03 REFERENCES
	A. American National Standards Institute/National Fire Protection Association (ANSI/NFPA)
	1. No. 70 - National Electrical Code (NEC)
	a. Article 110 - Requirements for Electrical Installation
	b. Article 430 - Transformers and Transformer Vaults


	B. City of Houston Building Code.
	C. Other applicable Codes and Standards as referenced in other Sections.
	D. Underwriters Laboratories.  U.L. Standards No. 224 - Extruded Insulated Tubing

	1.04 SUBMITTALS
	A. Submit the following under the provisions of Section 01330 – Procedures:
	1. Manufacturer's cut sheets and catalog data
	2. Description of materials used
	3. Label or nameplate dimensions
	4. Engraving or imprint legends
	5. Instruction for handling and storage
	6. Installation instructions


	1.05 DELIVERY, STORAGE AND HANDLING
	A. Pack materials to permit ease of handling and to provide protection from damage during shipping, handling and storage.

	2.01 ACCEPTABLE MANUFACTURERS
	A. Almetek Industries Incorporated
	B. Brady U.S.A. Incorporated
	C. Ideal Electric Company
	D. Raychem Corporation
	E. 3M Electrical Products Division
	F. Thomas & Betts
	G. Tyton Corporation

	2.02 MATERIALS AND EQUIPMENT
	A. Nameplates and Labels
	1. Provide an identification nameplate for each item of electrical equipment engraved with the equipment name.  Use the description shown on the Contract Drawings.
	2. For nameplates, use 3-ply phenolic material engraved to show black lettering on a white background.  Size the nameplates approximately 1 inch wide and 3 inches long for 3 lines of 3/16 inch - 16 letters with a 0.8 condensed factor.  Attach nameplat...
	3. Generally, provide large pieces of equipment with engraved nameplates; provide additional nameplates at pushbuttons and other local devices.  Provide identification for all other electrical equipment, device or enclosure not furnished with readily ...
	4. Install nameplates on the front cover of transformers stating the transformer service location number or identification number, the panelboard or device served, and main breaker feeding the transformer (MCC No.), and the drawing number on which the...
	5. Furnish equipment, such as motor starters, safety switches, welding receptacles and circuit breakers, with 1" x 3" plastic nameplates stating description of item served.
	6. Provide nameplates for motors giving the driven equipment description, and MCC the number.  Nameplates shall be mounted adjacent to motors.
	7. Install nameplates on the outside and inside of doors to circuit breaker panelboards (i.e., lighting, instrument or receptacle panels).  State the panelboard name, the drawing number on which the panelboard schedule shows, and the main breaker feed...
	8. Type panelboard directories and insert them inside panelboard doors.
	9. Place a large nameplate approximately 3"x5" on control panels, relay panels, junction boxes and similar enclosures with electrical devices mounted inside.  The large nameplates shall identify the enclosure.
	10. Provide a nameplate on MCC motor starter doors duplicating motor nameplate data.
	11. Provide warning label on front and inside actuator controllers in accordance with NEC. Identify controller as having two (2) sources of electric power if such is the case.
	B. Wire and Cable for Control Wiring
	1. Use pre-printed tubular heat-shrink type wire and cable tags.  Place a tag at each end of each wire and cable for all control wiring.
	2. Select tags manufactured so that the heat-shrink process makes the imprint permanent and solvent-resistant.
	3. Use tags that are self-extinguishing, conforming to U.L. Standard No. 224 for print performance, heat shock and flammability.
	4. Provide tag material that is flexible, radiation cross-linked polyolefin with 3 to 1 shrink ratio, rated 600 volts, and white in color.
	5. Cable in cable tray shall be marked at each end and at every cable tray drop out to a motor, control panel, or switchgear.
	C. Conduit Tags
	1. Provide conduit tags made of stainless steel, approximately 2 inches x 1 inch x 19 gage.
	2. Stamp the conduit number or conduit identification on the tag.
	3. Punch tags for tie fasteners.  Fasten tags to the conduits with stainless steel braided wire.
	D. Underground Warning Tape
	1. Provide detectable warning tape made of 4 mil thick polyolefin film, 3 inches wide, suitable for direct burial and resistant to alkalis, acids and other common soil substances.
	2. Use red tape with black legend printed in permanent ink.
	E. Warning Labels
	1. Place OSHA safety labels on enclosures and boxes 100 cubic inches or more containing electrical equipment or terminations.
	2. Provide OSHA color codes for the labels.  Use labels made from 4 mil vinyl with pressure sensitive adhesive backing.
	3. The warning label caption is DANGER - 480 VOLTS for 480 volt systems.  For voltages higher than 600 volts, provide warning labels with “DANGER - HIGH VOLTAGE - KEEP OUT”.
	4. Labels shall be 5 inches x 3-1/2 inches for small equipment and 10 inches x 7 inches for large equipment and electrical room doors.

	3.01 PREPARATION
	A. Degrease and clean surfaces where adhesive labels will be applied.
	B. Drill holes for nameplates to be fastened with stainless screws.
	C. Prepare the cable ends for termination and conductor markings.
	D. Identify conduits at terminating points and select conduit tag marking as indicated on the Contract Drawings.

	3.02 INSTALLATION
	A. Install nameplates and labels in accordance with the manufacturer's instructions and the Contract Drawings.
	B. Apply wire and cable tags in accordance with manufacturer's instructions using a heat gun with properly sized nozzle for the application.  Tag the wires and cables at both ends.
	C. Tag conduits at junction boxes, pull boxes control panels, transformers, switchgear and similar location and at other termination points.
	D. Identify cable trays at the time of installation with the alphanumeric number shown on the Contract Drawings.  Label cable trays on the outside rail.
	E. Place the tray identifier at each point where the tray designation changes and at 200 foot intervals in between, but not less than two per run.
	F. Identify underground conduits, cables or duct banks using the underground delectable warning tape.  The underground grounding grid, including laterals, shall be identified with underground delectable warning tape.  Install one tape per trench at 12...
	G. Apply the 5 inch by 3-1/2 inches warning labels to disconnect switches, panelboards, terminal boxes, and similar devices in accordance with manufacturer's instruction and the Contract Drawings.  Apply the 10 inch x 7 inch warning labels to larger c...


	16402 UG Duct Banks
	1.01 SECTION INCLUDES
	A. Underground electrical duct banks.

	1.02 MEASUREMENT AND PAYMENT
	A. No separate payment will be provided for work performed under this Section.
	B. Refer to Section 01270 – Measurement and Payment.

	1.03 RELATED WORK
	A. Section 16111 – Conduit, Fittings and Bodies.
	B. Section 16195 – Electrical Identification.

	1.04 REFERENCES
	A. National Fire Protection Association (NFPA):  No. 70 - National Electrical Code (NEC) Appendix B.

	1.05 SUBMITTALS
	A. Catalog cut sheets of the ducts and spacers.

	1.06 DELIVERY, STORAGE AND HANDLING
	A. Have duct spacers and associated hardware packed and crated to avoid damage during shipment and handling.
	B. Clearly mark packages or crates stating that the material is for electrical duct banks only.

	1.07 DEFINITION
	A. A duct bank is one or more electrical conduits grouped together and surrounded by a common encasement of concrete.

	2.01 ACCEPTABLE MANUFACTURERS
	A. Thomas and Betts.
	B. Underground Devices Inc.
	C. Walker Division, Butler Manufacturing Company.

	2.02 MATERIALS AND EQUIPMENT
	A. Conduit.  Construct ducts using Schedule 40 rigid PVC conduit for straight horizontal runs and for bends less than 15 degrees.  For horizontal bends 15 degrees and greater and all stub-ups, use epoxy fiberglass conduit.  Refer to Section 16111 - Co...
	B. Spacers.  Secure conduit with non-magnetic, universal, interlocking-type spacers for both horizontal and vertical duct arrangements.
	C. Concrete.  Use Grade 40 steel reinforced, Class A red concrete as duct encasement.  Single conduit duct banks do not require steel reinforcement, but do require Class A red concrete encasement.  Refer to Section 03315 – Concrete for Utility Constru...

	3.01 PREPARATION
	A. Verify from Contract Drawings and field survey that the location of duct banks does not interfere with any existing or new underground facilities.
	B. Verify that materials are on site in proper condition and that sufficient quantity is on hand for the work.
	C. Verify that trenches are in the correct places and prepared with sufficient depth and width to accommodate the duct banks, reinforcing rod, and concrete.
	D. Be prepared for inspection of the duct banks before reinforcing rod is installed.
	E. Before pouring concrete, verify that the ducts are free of debris and properly installed in the support and spacer systems and that the ducts are properly fitted together and firmly held in place by the hold down hardware.
	F. Provide 24-hour notice to City Engineer and the Local Code Inspector for cover-up inspection before pouring electrical conduit ductbanks.

	3.02 INSTALLATION
	A. Use the size conduit indicated on the Contract Drawings for the various duct banks required for the project.  Conduit type is indicated in Section 16111 – Conduit, Fittings and Bodies.  Install duct banks in accordance with the “Typical Duct Bank I...
	B. Provide 12 inch minimum spacing between Instrumentation ducts containing low voltage (below 50VAC) or signal (4-20ma and 0-10V) conductors and ducts containing power or control voltages (120VAC and above).
	C. Make duct bank installations and penetrations through foundation walls watertight.
	D. Assemble duct banks using non-magnetic saddles, spacers and separators.  Position separators to provide 2-inch minimum concrete separation between the outer surfaces of the conduits.
	E. Provide a 3-inch minimum structural concrete covering on both sides, top and bottom of concrete envelopes around conduits.  Add red dye at the rate of 10 pounds per cubic yard to concrete used for envelopes for easy identification during subsequent...
	F. Firmly fix ducts in place during pouring of concrete.  Carefully spade and vibrate the concrete to ensure filling of spaces between ducts.
	G. Make bends with sweeps of radius not less than 12 times the smallest diameter of the raceway.
	H. Make a transition from Schedule 40 PVC to epoxy fiberglass conduit where duct banks enter structures or turn upward for continuation above grade.  Transition from PVC riser or fiberglass 90 degree elbow to above ground conduit shall be concrete enc...
	I. Make bends of 15 degrees or more using epoxy fiberglass conduit.
	J. Reinforce all duct banks with two or more ducts.  Single conduit duct banks do not require steel reinforcement.
	1. Unless otherwise noted on the Contract Drawings, reinforce with No. 5 longitudinal steel bars placed at each corner and along each face at a maximum parallel spacing of 12 inches on centers, and No. 4 stirrups transversely placed at 36-inch maximum...
	2. Maintain a maximum clearance of 2 inches from bars to the edge of the concrete encasement.

	K. Where ducts enter structures such as handholes, manholes, pull boxes, or buildings, terminate the ducts in suitable end bells, insulated L-bushings, Meyers hubs or couplings on steel conduits.  Tag conduit entering pull boxes and manholes with stam...
	L. Do not backfill with material containing large rock, paving materials, cinders, large or sharply angular substances, corrosive material, or other materials which can damage or contribute to corrosion of ducts or prevent adequate compaction of fill.
	M. Install a bare stranded 4/0 copper duct bank ground in each duct bank envelope where a duct contains a circuit above 200 Amp or Voltage exceeds 600.  Make ground electrically continuous with the source and destination grounding provision.  Connect ...
	N. After completion of the duct bank and prior to pulling cable, pull a mandrel, not less than 12 inches long and with a cross section approximately one-fourth inch less than the inside cross section of the duct, through each duct.  Then pull a rag sw...
	O. Use hemp rope to pull conductors into PVC conduit.  Do not use nylon or wire cable for this purpose.
	P. Install a warning ribbon approximately 12 inches below finished grade over underground duct banks.   Refer to Section 16195 - Electrical Identification.
	Q. For manholes and pull boxes below grade, install a non-metallic cable rack system to support cables properly around the perimeter of the manholes or pull box.  Cables shall be supported on a maximum of 18 inch spacing and shall not be allowed to co...


	16460 Transformers 600V and Less
	1.01 SUMMARY
	A. Section Includes:
	1. General purpose, dry type transformers.
	2. Drive isolation transformers.
	3. Control and signal transformers.


	1.02 MEASUREMENT AND PAYMENT
	A. No separate payment will be made for work performed under this Section.

	1.03 RELATED SECTIONS
	A. Specification 16195, Electrical Identification.

	1.04 REFERENCES
	A. American National Standards Institute, Inc./Institute of Electrical and Electronics Engineers (ANSI/IEEE):
	1. ANSI/IEEE C2-90 – National Electrical Safety Code.
	2. ANSI/IEEE C57.12.80-78 – Standard Terminology for Power and Distribution Transformers.

	B. National Electrical Manufacturers Association (NEMA):
	1. NEMA LA 1-86 – Surge Arrestors.
	2. NEMA ST 1-88 – Specialty Transformers (Except General-Purpose Type).
	3. NEMA ST 20-86 – Dry-Type Transformers for General Applications.

	C. Underwriters Laboratories, Inc. (UL):
	1. UL 486A-80 – Wire Connectors and Soldering Lugs for Use with Copper Conductors.
	2. UL 506-89 – Specialty Transformers.


	1.05 SUBMITTALS
	A. Submit the following for Engineer’s approval.
	B. Product Data:
	1. Dimensional plans and sections.
	2. Elevations showing minimum clearances.
	3. Installed devices.
	4. Materials list.
	5. Weights.
	6. Wiring diagrams.
	7. Manufacturer's nameplate data and electrical ratings.

	C. Product Test Reports:
	1. Certified copies of manufacturer's design and routine factory tests required by reference standards.
	2. Submit after manufacture of transformer and before installation.


	1.06 QUALITY ASSURANCE
	A. Items provided under this section shall be listed or labeled by UL or other Nationally Recognized Testing Laboratory (NRTL).
	1. Terms "NRTL" shall be as defined in OSHA Regulation 1910.7.
	2. Terms "listed" and "labeled" shall be as defined in National Electrical Code, Article 100.

	B. Regulatory Requirements:
	1. National Electrical Code (NEC):  Components and installation shall comply with National Fire Protection Association (NFPA) 70.

	C. ANSI/IEEE Compliance:  Comply with applicable requirements of ANSI/ IEEE standards, including ANSI/IEEE C2 and C57.12.80.

	2.01 MANUFACTURERS
	A. Cutler Hammer
	B. General Electric
	C. Square D

	2.02 TRANSFORMERS, GENERAL
	A. Transformers:
	1. Factory-assembled and tested, air-cooled units of types specified, having characteristics and ratings as indicated.
	2. Design unit for 60 Hz service.
	B. Cores:  Grain-oriented, non-aging silicon steel.
	C. Coils:  Continuous windings without splices, except for taps.
	D. Internal Coil Connections:  Brazed or pressure type.
	E. Bolt coil/core to bottom of enclosure for transformers larger than 15 kVA.
	1. Isolated by rubber, vibration-absorbing mounts.
	2. Metal-to-metal contact between coil/core and enclosure not allowed.
	F. Provide copper windings.
	G. Nameplates:  Provide metal nameplate listing manufacturer's name, serial number, type, class, kVA voltage, frequency, and showing internal wiring diagram.
	H. Sound Level:  Minimum 3 dB less than sound levels for transformer type and size indicated when factory-tested in accordance with NEMA ST 20.

	2.03 GENERAL PURPOSE, DRY TYPE TRANSFORMERS
	A. Comply with NEMA ST 20.
	B. Windings:  2-winding type.  3-phase transformers shall use 1 coil/ phase in primary and secondary.
	C. Transformers shall have following features and ratings.
	1. Enclosure:  Indoor, ventilated unless otherwise shown on Contract Drawings.
	2. Insulation Class:  185oC or 220oC class for transformers 15 kVA or smaller; 220oC class for transformers larger than 15 kVA.
	3. Insulation Temperature Rise:  80oC maximum rise above 40oC for 15 kVA and larger; 115oC maximum rise above 40oC below 15 kVA.
	4. Taps:  For transformers 3 kVA and larger, full capacity taps in high voltage winding as follows.
	a. 3 through 10 kVA:  Two 5% taps below rated high voltage.
	b. 15 through 500 kVA:  Six 2-1/2% taps, 2 above and 4 below rated high voltage.
	c. 750 through 1,000 kVA:  Four 2-1/2% taps, 2 above and 2 below rated high voltage.
	D. Accessories:  Following accessory items are required where shown on Contract Drawings.
	1. Surge Arresters:  Low voltage type, factory-installed and connected to high voltage terminals; complying with NEMA LA 1.
	2. Wall Mounting Brackets:  Manufacturer's standard brackets for transformers sized up to 75 kVA where wall mounting indicated.
	3. Electrostatic Shielding:  Insulated metallic shield between primary and secondary windings.  Connect to terminal marked "shield" for grounding connection, where applicable.

	2.04 CONTROL AND SIGNAL TRANSFORMERS
	A. Comply with NEMA ST 1 and UL 506.
	B. Ratings:
	1. As indicated and for continuous duty.
	2. Where rating not indicated, provide 125% of load.
	C. Type:  Self-cooled, 2-winding dry type.
	D. Enclosure:  Indoor, except as indicated.

	3.01 INSTALLATION
	A. Arrange equipment to provide adequate spacing for cooling air circulation.
	B. Tighten electrical connectors and terminals in accordance with manufacturer's published torque-tightening values.  Where manufacturer's torque values not indicated, use those specified in UL 486A and 486B.
	C. Install wall-mounted transformers on prefabricated brackets designed for purpose.
	D. Install floor-mounted transformers on vibration pads on 3-1/2-inch concrete housekeeping pad.
	E. Touch up scratched or marred surfaces to match original finish.
	F. Identify transformers as specified herein.

	3.02 FIELD QUALITY CONTROL
	A. Test and permanently record as follows.
	1. Prior to energization of transformers, test phase-to-phase and phase-to-ground insulation resistance levels.
	2. Test transformers for continuity of circuits and short-circuits.


	3.03 ADJUSTING
	A. Adjust transformer taps to provide optimum voltage conditions at utilization equipment.

	3.04 CLEANING
	A. Upon completion of installation, inspect interiors and exteriors of accessible components.
	1. Remove paint splatters and other spots, dirt, and construction debris.
	2. Touch up scratches and mars of finish to match original.


	3.05 PROTECTION
	A. Temporary Heating:  Comply with manufacturer's written recommendations within enclosure of each transformer throughout periods during which equipment is not in a space continuously under normal control of temperature and humidity.


	16475 Overcurrent Protective Devices
	1.01 SUMMARY
	A. Section Includes:
	1. Overcurrent protective devices (OCPDs) rated 600 V and below and switching devices commonly associated with OCPDs.

	B. Circuit breakers installed in panelboards are specified in Section 16161 – Panelboards.

	1.02 MEASUREMENT AND PAYMENT
	A. No separate payment will be made for work performed under this Section.

	1.03 RELATED SECTIONS
	A. Specification 16195, Electrical Identification.

	1.04 REFERENCES
	A. National Electrical Manufacturers Association (NEMA).
	1. NEMA KS 1 83 - Enclosed Switches.
	2. NEMA 250 85 - Enclosures for Electrical Equipment (1000 Volts Maximum).
	3. NEMA FU1 86 - Low Voltage Cartridge Fuses.
	4. NEMA AB1 86 - Molded Case Circuit Breakers and Molded Case Switches.

	B. National Fire Protection Association (NFPA):
	1. NFPA 70 90 - National Electrical Code (NEC).

	C. Underwriters Laboratory (UL):
	1. UL 98 87 - Enclosed and Dead Front Switches.
	2. UL 198C 86 - High-Interrupting Capacity Fuses, Current-Limiting Types.  Fifth Edition.
	3. UL 198E 88 - Class R Fuses.  Fourth Edition.
	4. UL 486A 80 - Wire Connectors and Soldering Lugs for Use with Copper Conductors.  Seventh Edition.
	5. UL 489 86 - Molded-Case Circuit Breakers and Circuit-Breaker Enclosures.  Seventh Edition.
	6. UL 943 85 - Ground-Fault Circuit Interrupters. Second Edition.
	7. UL 977 84 - Fused Power-Circuit Devices.  Third Edition.
	8. UL 198L 88 - UL Standard for Safety D C Fuses for Industrial Use.


	1.05 DEFINITIONS
	A. Overcurrent Protective Device (OCPD):  Device operative on excessive current that causes and maintains interruption of power in circuit it protects.
	B. Ampere-Squared-Seconds:  Expression of available thermal energy resulting from current flow.  With regard to current-limiting fuses and circuit breakers, ampere-squared-seconds during fault current interruption represents energy allowed to flow bef...

	1.06 SUBMITTALS
	A. Submit all products covered under this specification for Engineer’s approval.
	B. Shop Drawings:
	1. Spare fuse cabinet showing dimensions and features including storage provision for fused cartons, where indicated to be provided in the project documents.

	C. Product Data:
	1. Product data for fuses, fusible switches, circuit breakers, and OCPD accessories specified in this Section, including descriptive data and time-current curves for protective devices and let through current curves for those with current limiting cha...
	2. Include coordination charts and tables and related data.

	D. Test Results:
	1. Certified reports of field tests and observations.


	1.07 QUALITY ASSURANCE
	A. Items provided under this section shall be listed and labeled by UL or other Nationally Recognized Testing Laboratory (NRTL).
	1. Term "NRTL" shall be as defined in OSHA Regulation 1910.7.
	2. Terms "listed" and "labeled" shall be as defined in National Electrical Code, Article 100.

	B. Regulatory Requirements:
	1. Components and Installation:
	a. NFPA 70 "National Electrical Code (NEC)."
	b. Local codes and ordinances.


	C. Single-Source Responsibility:  Obtain similar OCPDs from single manufacturer.
	D. Coordinate OCPD sizes with characteristics of motors supplied for this project.  Pay special attention to high efficiency motors.

	1.08 MAINTENANCE
	A. Extra Materials:
	1. Maintenance Stock, Fuses:  For types, voltage, and ampere ratings required, furnish 10% spare fuses, but not less than 1 set of 3 of each kind.


	2.01 OVERCURRENT PROTECTIVE DEVICES (OCPDs), GENERAL
	A. General:  Provide OCPDs in indicated types, as integral components of panelboards, switchboards, and motor control centers; and also as individually enclosed and mounted single units.
	B. Enclosures:  NEMA 250.

	2.02 GENERAL FUSES
	A. General:  Provide fuses of types, classes, and current ratings as indicated.  Voltage ratings shall be consistent with circuits on which used.
	B. Fuses for Direct Current Circuits:  UL 198L and marked for such use by manufacturer on fuse label.
	C. Cartridge Fuse:
	1. Manufacturers:
	a. Bussmann Div., Cooper Industries, Inc.
	b. Gould Shawmut.
	c. Littelfuse Inc.
	2. NEMA Standard FU1, unless indicated otherwise, provide nonrenewable cartridge fuses of indicated types, classes, and current ratings that have voltage ratings consistent with circuits on which used.
	3. Class CC Fuses:  UL 198C.
	4. Class J Fuses:  UL 198C.
	5. Class L Fuses:  UL 198C.
	a. Current limiting threshold of 10 times current rating or less and time delay of 4 sec at 5 times rating.
	6. Class RK1 and RK5 Dual Element Time-Delay Fuses:  UL 198E.
	7. Class RK1 Fast-Acting Fuses:  UL 198E.

	2.03 FUSIBLE SWITCHES
	A. Acceptable Manufacturers:
	1. Cutler Hammer
	2. General Electric
	3. Square D Co.
	B. UL 98 and NEMA KS 1 quick-make, quick-break heavy-duty units.
	B. Rating:  Load-breaking capacity in excess of normal horsepower rating for switch.
	C. Withstand Capability:  In excess of let through current permitted by its fuse when subject to faults up to 100,000 RMS symmetrical amperes.
	D. Operation:  By means of external handle.
	E. Interlock:  Prevents access to switch interior except when in "off" position.
	F. Fuse Clips:  Rejection type.
	G. Padlocking Provisions:  For 2 padlocks, whether open or closed.
	H. Enclosure for Switchboard or Panelboard Mounting:  Suitable for panel mounting where indicated.
	I. Enclosure for Switchboard Mounting:  Provide individual mounting where indicated.
	J. Enclosure for Independent Mounting:  NEMA type as indicated or required to suit environment where located.

	2.04 MOLDED-CASE CIRCUIT BREAKERS
	A. Acceptable Manufacturers:
	1. Cutler Hammer
	2. General Electric
	3. Square D Co.
	B. UL 489 and NEMA AB 1.
	C. Construction:  Bolt in type, except breakers in load-center-type panelboards and breakers 225 ampere frame size and larger may be plug in type if held in place by positive locking device requiring mechanical release for removal.
	D. Characteristics:  Indicated frame size, trip rating, number of poles, and short-circuit interrupting capacity rating of 10,000 amperes symmetrical, unless greater rating is indicated on Drawings.
	E. Tripping Device:  Quick-make, quick-break toggle mechanism with inverse-time delay and instantaneous overcurrent trip protection for each pole.
	F. Adjustable Instantaneous Trip Devices:  Factory adjusted to low-trip-setting current values.
	G. Enclosure for Switchboard or Panelboard Mounting:  Suitable for panel mounting in switchboard or panelboards where indicated.
	H. Enclosure for Switchboard or Motor Control Center Mounting:  Provide individual mounting where indicated.
	I. Enclosure for Independent Mounting:  NEMA type enclosure, as indicated or required to suit environment where located.

	2.05 INSULATED-CASE CIRCUIT BREAKERS
	A. Acceptable Manufacturers:
	1. Cutler Hammer
	2. General Electric
	3. Siemens Energy and Automation
	4. Square D Co.
	B. UL 489 and NEMA AB 1.
	C. Ratings:  Continuous-current, interrupting, and short-time-current ratings, and voltage and frequency ratings as indicated.
	D. Operating Mechanism:  Mechanically and electrically trip-free, stored-energy operating mechanism with following features:
	1. Moving Contacts Closing Speed:  Independent of both control and operator.
	E. Circuit-Breaker Features and Accessories:  Include following:
	1. Operating Handle:  Provide 1 for each manually operated breaker.  No handle ties are permitted.

	3.01 INSTALLATION
	A. Fuses:
	1. Install fuses in fusible devices indicated.

	B. Independently Mounted OCPDs:
	1. Locate as indicated and install in accordance with manufacturer's written installation instructions.

	C. Factory install OCPDs furnished in distribution equipment.
	D. Coordinate size overcurrent protective devices with each motor and equipment manufacturer to assure correct size devices and provide accordingly.

	3.02 APPLICATION OF FUSES
	A. Control Circuits:  Class CC, time delay.
	B. General Purpose Fusible Switches:  Apply following class and types:
	1. 30 600 Amperes:  Class J or RK1, time delay.

	C. Combination Starters:  Class J or RK1, time delay.

	3.03 IDENTIFICATION
	A. Identify with components as specified in Section 16195.

	3.04 CONTROL WIRING INSTALLATION
	A. Install wiring between OCPDs and control/indication devices as specified in Section 16120 for hard wired connections.

	3.05 CONNECTIONS
	A. Check connectors, terminals, bus joints, and mountings for tightness.
	B. Tighten field-connected connectors and terminals, including screws and bolts, in accordance with equipment manufacturer's published torque tightening values.  Where manufacturer's torquing requirements are not indicated, tighten connectors and term...

	3.06 GROUNDING
	A. Provide equipment grounding connections for individually mounted OCPD units as indicated and as required by NEC.  Tighten connectors to comply with tightening torques specified in UL Standard 486A to assure permanent and effective grounding.
	B. Ground in accordance with Section 16170.

	3.07 FIELD QUALITY CONTROL
	A. Manufacturer's Field Services:
	1. Supplier's or manufacturer's technician for equipment specified herein shall be present at job site or classroom designated by Owner for minimum of ½ workday, travel time excluded, for assistance during plant construction, plant startup, equipment ...

	a. 1/2 manday for Instructional Services.
	b. Supplier or manufacturer shall direct services to specific system and equipment operation, maintenance, and troubleshooting.
	B. Testing:
	1. Reports:  Prepare certified written reports on tests and observations.  Report defective materials and workmanship and unsatisfactory test results.
	2. Pretesting:  Upon completing installation of system, perform following preparations for tests:

	a. Make insulation resistance tests of OCPD buses, components, and connecting supply, feeder, and control circuits.
	b. Make continuity tests of circuits.
	c. Include full updating on final system configuration and parameters where they supplement or differ from those indicated in original Contract Documents.
	d. Comply with manufacturer's instructions for installation and testing of OCPDs.
	3. Visual and mechanical inspection:  Include following inspections and related work.

	a. Overcurrent-Protective-Device Ratings and Settings:  Verify indicated ratings and settings to be appropriate for final system arrangement and parameters.  Where discrepancies are found, test organization shall recommend final protective device rati...
	b. Inspect for defects and physical damage, NRTL labeling, and nameplate compliance with current single line diagram.
	c. Exercise and perform operational tests of mechanical components and other operable devices in accordance with manufacturer's instruction manual.
	d. Check tightness of electrical connections of OCPDs with calibrated torque wrench.  Refer to manufacturer's instructions for proper torque values.
	e. Clean OCPDs using manufacturer's approved methods and materials.
	f. Verify installation of proper fuse types and ratings in fusible OCPDs.

	3.08 CLEANING
	A. Upon completion of installation, inspect OCPDs.  Remove paint splatters and other spots, dirt, and debris.  Touch up scratches and mars of finish to match original finish.


	16476 Disconnects and Circuit Breakers
	1.01 SUMMARY
	A. Section Includes:
	1. Service disconnects.
	2. Feeder and equipment disconnects.
	3. Enclosed circuit breakers.


	1.02 MEASUREMENT AND PAYMENT
	A. No separate payment will be made for work performed under this Section.

	1.03 RELATED SECTIONS
	A. Specification 16195, Electrical Identification.

	1.04 SUBMITTALS
	A. Submit the following for Engineer’s approval.
	B. Product Data:
	1. Submit for switches, circuit breakers, and accessories.
	2. Descriptive data and time current curves for protective devices and let through current curves for those devices with current limiting characteristics.  Include coordination charts and tables, and related data.

	C. Shop Drawings:
	1. Wiring diagrams detailing power and control wiring and differentiating clearly between manufacturer installed wiring and field installed wiring.

	D. Test Results:
	1. Field test reports indicating and interpreting test results.

	E. Operating and Maintenance Data:
	1. Maintenance data for tripping devices.


	1.05 QUALITY ASSURANCE
	A. Items provided under this section shall be listed or labeled by UL or other Nationally Recognized Testing Laboratory (NRTL).
	1. Term "NRTL" shall be as defined in OSHA Regulation 1910.7.
	2. Terms "listed" and "labeled" shall be as defined in National Electrical Code, Article 100.

	B. Regulatory Requirements:
	1. National Electrical Code (NEC):  Components and installation shall comply with National Fire Protection Association (NFPA) 70.

	C. Single Source Responsibility:  Enclosed switches and circuit breakers shall be product of a single manufacturer.

	2.01 MANUFACTURERS
	A. Fusible Switches:
	1. Cutler Hammer
	2. General Electric
	3. Square D
	B. Molded Case Circuit Breakers:
	1. Cutler Hammer
	2. General Electric.
	C. Square D

	2.02 ENCLOSED SWITCHES
	A. Enclosed Non-fusible Switch:  NEMA KS 1, Type HD handle lockable with 2 padlocks.
	B. Enclosed Fusible Switch, 800 Amperes and Smaller:  NEMA KS 1, Type HD, clips to accommodate specified fuses, enclosure consistent with environment where located, handle lockable with 2 padlocks, and interlocked with cover in CLOSED position.

	2.03 ENCLOSED CIRCUIT BREAKERS
	A. Enclosed Molded Case Circuit Breaker:  NEMA AB 1, handle lockable with 2 padlocks.
	B. Characteristics:
	1. Frame size, trip rating, number of poles, and auxiliary devices as indicated
	2. Interrupting capacity rating to meet available fault current, 10,000 symmetrical rms amperes minimum
	3. Appropriate application listing when used for switching fluorescent lighting loads or heating, air conditioning, and refrigeration equipment.

	3.01 INSTALLATION
	A. Install enclosed switches and circuit breakers in locations as indicated, according to manufacturer's written instructions.
	B. Install enclosed switches and circuit breakers level and plumb.
	C. Install wiring between enclosed switches and circuit breakers and control/indication devices.
	D. Connect enclosed switches and circuit breakers and components to wiring system and to ground as indicated and instructed by manufacturer.  Tighten connectors and terminals, including screws and bolts according to equipment manufacturer's published ...

	3.02 FIELD QUALITY CONTROL
	A. Manufacturer’s Field Services:
	1. Supplier’s or manufacturer’s representative for equipment specified herein shall be present at job site or for assistance during plant construction, plant startup, and training of Owner’s personnel for plant operation.

	B. Testing:  After installing enclosed switches and circuit breakers and after electrical circuitry has been energized, demonstrate product capability and compliance with requirements.
	1. Procedures:  Perform each visual and mechanical inspection and electrical test stated in NETA Standard ATS, Section 7.5 for enclosed switches and Section 7.6 for molded case circuit breakers.  Certify compliance with test parameters.
	2. Correct malfunctioning units at site, where possible, and retest to demonstrate compliance; otherwise, remove and replace with new units, and retest.

	C. Training:
	1. Train Owner’s maintenance personnel on procedures and schedules for startup and shutdown, troubleshooting, servicing, and preventive maintenance.
	2. Review operating and maintenance data.


	3.03 ADJUSTING
	A. Set field adjustable enclosed switches and circuit breaker trip ranges as indicated.

	3.04 CLEANING
	A. After completing system installation, including outlet fittings and devices, inspect exposed finish.  Remove burrs, dirt, and construction debris and repair damaged finish including chips, scratches, and abrasions.


	16481 Motor Controllers
	1.01 SUMMARY
	A. Section Includes:
	1. AC motor control devices rated 600 v and below.

	B. Overcurrent protective devices and disconnect switches used with motor controllers are specified in Section 16475.

	1.02 MEASUREMENT AND PAYMENT
	A. No separate payment will be made for work performed under this Section.

	1.03 RELATED SECTIONS
	A. Specification 16195, Electrical Identification.

	1.04 DEFINITIONS
	A. Motor Controller:  Device that controls, protects, and energizes electric motor, and where required, controls its speed or torque or power delivered by it.

	1.05 SUBMITTALS
	A. Submit all products covered under this section for Engineer’s approval.
	1. Product Data:
	a. Include dimensions, ratings, and data on features and components.

	2. Test Results:
	a. Certified reports of field tests and observations.

	3. Miscellaneous:
	a. Load Current and Overload Relay Heater List:  Compiled by Contractor after motors have been installed.  Arrange list to demonstrate selection of heaters to suit actual motor nameplate full load currents.

	4. Operation and Maintenance (O&M) Data:
	a. Manufacturer's data on maintenance and operation of equipment.



	1.06 QUALITY ASSURANCE
	A. Single-Source Responsibility:  Obtain similar motor-control devices from single manufacturer.
	B. Manufacturer Qualifications:
	1. Provide controllers from manufacturers regularly engaged in manufacture of equipment of types and capacities indicated, with such products in satisfactory use in similar service for not less than 5 yrs.

	C. Items provided under this section shall be listed or labeled by UL or other Nationally Recognized Testing Laboratory (NRTL).
	1. Term "NRTL" shall be as defined in OSHA Regulation 1910.7.
	2. Terms "listed" and "labeled" shall be as defined in National Electrical Code (NEC), Article 100.

	D. Regulatory Requirements:
	1. National Electrical Code (NEC):  Components and installation shall comply with National Fire Protection Association (NFPA) No. 70.


	1.07 COORDINATION
	A. Coordinate features of controllers and control devices with pilot devices and control circuits provided under other sections of Specifications covering control systems.
	B. Coordinate motor controls, starters and overcurrent devices with motor manufacturer’s data.  Provide motor manufacturer’s data sheets to motor control manufacturer at time of order.

	1.08 MAINTENANCE
	A. Extra Materials:
	1. Spare Fuses and Indicating Lamps:  Furnish one spare for every 5 installed units, but not less than one set of 3 of each kind.


	2.01 ACCEPTABLE MANUFACTURERS
	A. Manual and Magnetic Motor Controllers:
	1. Cutler-Hammer
	2. General Electric
	3. Square D Company

	2.02 MOTOR CONTROLLERS, GENERAL
	A. Coordinate features of each motor controller with ratings and characteristics of supply circuit, motor, required control sequence, duty cycle of motor, drive, and load, and pilot device, and control circuit affecting controller functions.  Provide ...
	B. NEMA Size 1 minimum.
	C. Contacts shall open each ungrounded connection to motor.
	D. Overload Relays:
	1. Ambient-compensated type with inverse-time-current characteristic.
	2. Provide with heaters or sensors in each phase matched to nameplate full load current of specific motor to which connected with appropriate adjustment for duty cycle.  Overload devices to require manual reset after tripping occurs.
	3. Enhanced Protection Overload Relay:  Provide overload relays with NEMA Class 10 tripping characteristics for submersible equipment or where indicated on the contract drawings.  Select to protect motor against voltage unbalance and single phasing.
	E. Enclosures:
	1. For individually mounted motor controllers and control devices, comply with NEMA 250.
	2. Provide enclosures suitable for environmental conditions at controller location.
	3. Provide NEMA Type enclosures as indicated or required to suit environment where located.

	2.03 MANUAL MOTOR CONTROLLERS
	A. Quick-make, quick-break toggle action.
	B. Doublebreak silver alloy contacts.
	C. Pilot light.
	D. Padlocking provision.

	2.04 MAGNETIC MOTOR CONTROLLERS
	A. Full voltage, non-reversing, across-the-line, magnetic controller, except where another type indicated.
	B. Control Circuit:  120V.  Control power transformer integral with controller where no other supply of 120 v control power to controller indicated.  Control power transformer with adequate capacity to operate connected pilot, indicating and control d...
	C. Combination Controller:  Motor circuit protector; molded case circuit breaker type with magnetic only trip element calibrated to coordinate with actual locked rotor current of connected motor and controller overload relays.  Provide breakers factor...

	2.05 REDUCED VOLTAGE SOLID STATE MOTOR CONTROLLERS
	A. Combination Reduced Voltage Solid State With By-pass Contactor Starter Units:  Motor circuit protector type circuit breaker, reduced voltage solid state start unit
	B. Control Circuit:  120V.  Control power transformer integral with controller where no other supply of 120 v control power to controller indicated.  Control power transformer with adequate capacity to operate connected pilot, indicating and control d...
	C. Combination Controller:  Motor circuit protector; molded case circuit breaker type with magnetic only trip element calibrated to coordinate with actual locked rotor current of connected motor and controller overload relays.  Provide breakers factor...
	D. Required Features
	1. SCR fusing
	2. By-pass contactor to engage when motor is at full speed.
	3. Internal current overload relays.  Relays can be enabled or disabled.
	4. External current overload relays.
	5. Control power transformers.
	6. Auxiliary relays for control interface
	7. Single phase protection relay
	8. Equipment shall have minimum interrupting ability to be 65,000 amps RMS symmetrical, voltage 480 volts, 3 phase, 60 Hz.
	9. Operator handle shall be able to be pad locked in the “OFF” position.

	2.06 AUXILIARY CONTROL DEVICES
	A. General:  Furnish auxiliary control device as shown on 1 line diagrams, Drawings, or as specified.  Factory-install in controller enclosure except as otherwise indicated.
	B. Pushbutton Stations, Pilot Lights, and Selector Switches:  Heavy duty type.
	C. Stop Pushbutton Station:  Momentary break pushbutton station with factory-applied hasp arranged so padlock can be used to lock pushbutton in depressed position with control circuit open.
	D. Lockout Pushbutton Station:  Maintained contact red mushroom pushbutton station with factory-applied hasp arranged so padlock can be used to lock pushbutton in depressed position with control circuit open.
	E. Control Relays: Heavy duty industrial type auxiliary and adjustable time-delay relays.
	F. Elapsed Time Meters:  Heavy duty with digital readout in hrs.
	G. Current Sensors:  Rated to suit application.
	H. Pilot Lights: High intensity LED type.
	I. Well motor protection relay ( GE Multlin 869  model 869-E-P5-G5-H-N-N-A-S-S-B-SE-N-N-B-N) Configure the Well motor protection relay  with draw-out case and communication signal converter to Profi bus as indicated on Drawings.
	1. Functions for motor start-up and control
	a. Reduced voltage start (as indicated on drawings)
	b. Stall protection
	c. Mechanical jam
	d. Lock-out(86)
	e. Thermal inhibit
	f. Maximum starting rate
	g. Time between starts & Number of starts
	h. Restart delay
	i. Acceleration time
	j. Motor status on stopped, starting, running, overload and trip
	2. Motor Protection functions
	a. Short circuit protection
	b. Ground fault protection
	c. Undercurrent (37)
	d. Current unbalance (46)
	e. Phase/neutral/ground instantaneous overcurrent (50P/N/G)
	f. Phase/neutral/ground time overcurrent (51P/N/G)
	g. Negative sequence instantaneous overcurrent (50_2)
	h. Phase/neutral directional overcurrent (67P/N)
	3. The relay shall have configurable to select any protection elements to be used as a trip, alarm or latched alarm function without using programmable logic.
	4. Relay program logic
	a. Relays shall support 1024 lines of user defined logic to build control schemes supporting logic gates, timers, nonvolatile latches.
	b. The programmable logic in the relay shall be executed at 8 times per power system cycle
	c. The relay configuration tool shall have embedded graphical user interface to build programmable
	5. User Front Panel Display with the following
	6. Communications
	a. Modbus RTU with converter to Profi bus as indicated.
	7. Metering and Fault Recording
	a.  Record  exposure to temperature, humidity and surge and a report shall be retrievable via the communication ports on the min, max average of those recorded values
	b. Provide a Motor Health Report retrievable via the communication ports that provides a snapshot of the motor operating and diagnostic information.
	c. Report shall include information pertaining to  Device, Status, Trip Summary, Motor Operating History, Motor Starting Learned Data, Motor Start Records and Motor Stopping/Tripping. The relay shall provide a min of six motor start records with a sam...
	d. The relay shall provide up to 64 digital channels and up to 40 analog channels of oscillography at a sampling rate of 128 samples per cycle.
	e. The relay shall provide Event Records - with a record of the last 1024 events, time tagged with a resolution of 1ms.
	f. The relay shall store all its recorded data in nonvolatile memory.
	g. The relay shall provide a separate data logger function which shall record a maximum of 16 Analog channels with a settable sampling rate of 1 cycle, 1 second, 30 seconds, 1 minute, 15 minutes, 30 minutes or 1 hour.
	h. The current metering accuracy shall be at +/- 0.25% of the reading for up to 2 times rated secondary current and +/- 1% for above them.
	i. The voltage metering accuracy shall be at +/- 0.5% of the reading from 15 to 208V.
	j. The power metering accuracy shall be at +/- 1% of the reading.
	k. The frequency metering accuracy shall be typically at 1 mill Hertz accuracy level
	8. Hardware
	a. Provide conformal coated electronic board assemblies for harsh environment.
	b. Draw-out  case.
	c. Include power supply module.
	d. Relay contact output rated for 10 amps continuous.
	9. Security
	a. Provide Role Based Access Control

	3.01 INSTALLATION
	A. General:  Install motor controllers and auxiliary motor control devices in accordance with manufacturer's written instructions and approved submittals.
	B. Mounting:
	1. For control equipment at walls, bolt single units to wall.  Mount multiple units on light-weight structural steel channels bolted to wall.
	2. For controllers not at walls, provide freestanding racks fabricated of structural steel members and light-weight slotted structural steel channels.  Use feet consisting of 3/8 in. thick steel plates, 6 in. square, bolted to floor.  Use feet for wel...
	3. Unless shown otherwise on plans.

	C. Motor Controller Fuses and Circuit Breakers:  Conform to requirements of Section 16475.

	3.02 IDENTIFICATION
	A. Comply with Section 16195.

	3.03 CONTROL WIRING INSTALLATION
	A. Install wiring as specified in Section 16120.
	B. Install wiring in enclosures bundled, trained, and supported.

	3.04 CONNECTIONS
	A. Tighten connectors, terminals, and mountings.  Tighten field connected connectors and terminals, including screws and bolts, in accordance with equipment manufacturer's published torque tightening values.  Where manufacturer's torquing requirements...

	3.05 FIELD QUALITY CONTROL
	A. Manufacturer's Field Services:
	1. Supplier's or manufacturer's technician for equipment specified herein shall be present at job site or classroom designated by Owner for minimum mandays indicated, travel time excluded, for equipment adjustment, and training of Owner’s personnel fo...

	a. 1/2 manday for Instructional Services.
	2. Provide services of an authorized GE Multilin programmer to program the Multilin realy for the project. Provide field motor data as reqired for the programmer.

	B. Testing:
	1. Reports:  Notify Engineer in writing indicating defective materials and workmanship and unsatisfactory test results.  Include records of repairs and adjustments made.
	2. On completing installation of system, perform following tests.

	a. Make insulation resistance tests of conducting parts of motor control components; and of connecting supply, feeder, and control circuits.  For devices containing solid-state components, use test equipment and methods recommended by manufacturer.
	b. Make continuity tests of circuits.
	c. Review updating of final system configuration and parameters where they supplement or differ from those indicated in original Contract Documents.
	d. Review manufacturer's written instructions for installation and testing of motor control devices.
	3. Visual and Mechanical Inspection:  Include following inspections and related work.

	a. Motor Control Device Ratings and Settings:  Verify ratings and settings as installed are appropriate for final loads and final system arrangement and parameters.  Recommend final protective device ratings and settings where differences found.  Use ...
	b. Inspect for defects and physical damage and nameplate compliance with Drawings.
	c. Exercise and perform operational tests of mechanical components and other operable devices in accordance with manufacturer's written instructions.
	d. Check tightness of electrical connections of devices with calibrated torque wrench.  Use manufacturers recommended torque values.
	e. Clean devices using manufacturer's approved methods and materials.
	f. Verify proper fuse types and ratings in fusible devices.
	4. Electrical Tests:  Perform following in accordance with manufacturer's written instructions.

	a. Insulation resistance test of motor control devices conducting parts to extent permitted by manufacturer's written instructions.  Insulation resistance less than 100 megohms not acceptable.
	b. Use primary current injection to check performance characteristics of motor circuit protectors and for overload relays of controllers for motors 15 hp and larger.  Trip characteristics not within manufacturer's published time-current tolerances not...
	c. Make adjustments for final settings of adjustable trip devices.
	d. Test auxiliary protective features such as loss of phase, phase unbalance, and undervoltage to verify operation.
	e. Check for improper voltages at terminals in controllers having external control wiring when controller disconnect opened.  Voltage over 30V unacceptable.
	f. Include motor protection relay function test.  Verify operation
	5. Correct deficiencies and retest motor control devices.  Verify by system tests that specified requirements are met.


	3.06 CLEANING
	A. Remove paint splatters and other spots, dirt, and debris.  Touch up scratches and mars of finish to match original finish.  Clean devices internally using manufacturer's recommended methods and materials.


	16482 MCC 600V or Less
	1.01 SUMMARY
	A. Section Includes:
	1. Motor-control centers (MCCs) for use on ac circuits rated 600 V or less.

	B. Overcurrent protective devices and disconnect switches used with motor control centers (MCCs) are specified in Section 16475.

	1.02 MEASUREMENT AND PAYMENT
	A. No separate payment will be made for work performed under this Section.

	1.03 RELATED SECTIONS
	A. Specification 16195, Electrical Identification.
	B. Specification 16481 Motor Controllers
	C. Specification 16475 Overcurrent Protective Devices.

	1.04 REFERENCES
	A. American National Standards Institute (ANSI):
	1. ANSI C2 90 - National Electrical Safety Code (NESC).

	B. International Electrical Testing Association (P.O. Box 687, Morrison, CO 80465):
	1. ATS - Acceptance Testing Specifications for Electrical Power Distribution Equipment and Systems.

	C. National Electrical Manufacturers Association (NEMA):
	1. NEMA 250 89 - Enclosures for Electrical Equipment (1000 Volts Maximum).
	2. NEMA ICS 2 88 - Industrial Control Devices, Controllers and Assemblies.
	3. NEMA ICS 2.3 88 - Instructions for the Handling, Installation, Operation, and Maintenance of Motor Control Centers.

	D. Underwriters Laboratories (UL):
	1. UL 486A 89 - Wire Connectors and Soldering Lugs for Use with Copper Conductors.
	2. UL 845 89 - Motor Control Centers.


	1.05 SUBMITTALS
	A. Submit the following for Engineer’s approval.
	B. Shop Drawings:
	1. Each MCC including dimensioned plans and elevations and component lists.
	2. Show ratings, including short-time and short-circuit ratings, and horizontal and vertical bus ampacities.
	3. Schedule of features, characteristics, ratings, and factory settings of individual MCC units.
	4. Wiring Diagrams:  Interconnecting wiring diagrams pertinent to class and type specified for MCC.  Schematic diagram of each type of controller unit indicated.

	C. Product Data:
	1. Each product and component specified.

	D. Test Results:
	1. Certified reports of field tests and observations.

	E. Operations and Maintenance Data:
	1. Maintenance data for MCCs.


	1.06 QUALITY ASSURANCE
	A. Items provided under this section shall be listed and labeled by UL or other Nationally recognized Testing Laboratory (NRTL).  This includes complete MCC and switchgear assembly, including controls section.
	1. Term "NRTL" shall be as defined in OSHA Regulation 1910.7.
	2. Terms "listed" and "labeled" shall be as defined in National Electrical Code, Article 100.

	B. Regulatory Requirements:
	1. National Electrical Code:  Components and installation shall comply with NFPA 70.

	C. Manufacturer's Qualifications:  Manufacturer shall be a member of NEMA, regularly engaged in manufacturing LV MCCs complying with requirements of these Specifications, and experienced with at least five projects of similar size and scope.
	D. Product Selection for Restricted Space:  Drawings indicate maximum dimensions for MCCs including clearances between MCCs and adjacent surfaces and items and are based on types and models indicated.  MCCs of other manufacturers having equal performa...
	E. MCC Starters, MCP, and breaker sizes shall be coordinated with motors supplied and sizes shall be adjusted as required by motor criteria.  This especially applies to high efficiency motors.
	F. Provide motor data to MCC manufacturer at time MCC is ordered to assure coordination of overcurrent protective devices.

	1.07 DELIVERY, STORAGE, AND HANDLING
	A. Deliver in shipping splits of lengths that can be moved past obstructions.
	B. Store so condensation will not occur on or in MCCs.  Provide temporary heaters as required to prevent condensation.
	C. Handle MCCs in accordance with NEMA ICS 2.3, "Instructions for Handling, Installation, Operation, and Maintenance of Motor Control Centers." Use factory-installed lifting provisions.

	1.08 MAINTENANCE
	A. Extra Materials:
	1. Spare Fuses:  Furnish one spare for every five of each type and rating of fuse and fusible devices installed, but not less than one set of three of each kind.  Include spares for:
	a. Control power fuses.
	b. Fuses and fusible devices for fused circuit breakers.
	c. Fuses for fusible switches.

	2. Spare Indicating Lights:  Furnish five of each type installed.
	3. Touch-up Paint:  Furnish 3 half-pint unopened containers.


	2.01 ACCEPTABLE MANUFACTURERS
	A. Cutler-Hammer
	B. General Electric
	C. Square D Company

	2.02 MOTOR-CONTROL CENTERS
	A. Wiring Classification:  Class I, Type B, as defined in NEMA ICS 2.
	B. Enclosure:  NEMA Type 1, gasketed, as defined in NEMA 250, except as otherwise indicated.
	C. Compartments:
	1. Modular, with individual doors with concealed hinges and quick-captive screw fasteners.
	2. For combination starter units provide interlocks so disconnect means must be in off position before door can be opened, and so door cannot be closed with disconnect means in on position, except by consciously operating permissive release device.  R...
	D. Interchangeability:
	1. Construct compartments so it is possible to remove units without opening adjacent doors, disconnecting adjacent compartments, or disturbing operation of other units in control center.
	2. Units requiring same size compartment shall be interchangeable, and compartments shall be constructed to permit ready rearrangement of units such as replacing three single units with unit requiring three spaces without cutting or welding.
	E. Wiring Spaces:
	1. Provide each vertical section of structure with horizontal and vertical wiring spaces for wiring to each unit compartment in each section.
	2. Provide separate door over vertical wiring space.
	3. Provide supports to hold wiring rigidly in place.
	F. Meet current NEC requirements for service entrance.
	G. Ratings:  Provide nominal system voltage, continuous main bus amperage, and short-time and short-circuit-current ratings as indicated and conform with short circuit and coordination study.
	H. All enclosures for motor starters 100 hp and greater shall have forced air cooling.

	2.03 BUSES
	A. Material:  Tin-plated copper.
	B. Ampacity Ratings:  As indicated for horizontal main buses and vertical bus sized for indicated loads or 300A minimum.
	C. Neutral Buses:  Full size.
	D. Equipment Ground Bus:  Non-insulated, horizontal copper bus 2 inches by 1/4 inch, minimum.
	E. Horizontal Bus Arrangement:  Extend main phase, neutral and ground buses with same capacity entire length of MCC unless otherwise indicated, and provision for future extension at both ends by means of bolt holes and captive bus splice sections or a...
	F. Natural Disconnect Link:  For switchgear, assembly having main service disconnect.  Arrange to permit disconnecting the switchgear assembly neutral bus from the common ground bus and the incoming service neutrals.  Also, provide a bolted, un-insula...
	G. Short-Circuit Withstand Rating:  Same as short-circuit current rating of section.

	2.04 FUNCTIONAL FEATURES
	A. General:  Provide modular arrangement of motor controllers, control devices, overcurrent protective devices, transformers, panelboards, instruments, indicating panels, blank panels, and other items mounted in compartments of motor-control center as...
	B. Motor Controller Units:
	1. Combination circuit breakers soft starter with features and devices specification 16481.
	2. Combination controller units; of types and with features, ratings, and circuit assignments indicated.
	3. Units with full-voltage, across-the-line, magnetic controllers up to and including Size 3 shall be installed on drawout mountings with connectors that automatically line up and connect with vertical section buses while being racked into their norma...
	4. Units shall have short-circuit current ratings equal to or greater than short-circuit current rating of MCC section.
	5. Units in MCCs shall be equipped with pull-apart terminal strips or drawout terminal boards for external control connections.
	C. Overcurrent Protective Devices:
	1. Provide types of devices with features, ratings, and circuit assignments indicated, as specified in Section 16475.
	2. Individual feeder tap units through 225 ampere rating shall be installed on drawout mountings with connectors that automatically line up and connect with vertical section buses while being racked into their normal energized positions.
	D. Overload Relays:
	1. Ambient-compensated type with inverse-time-current characteristic.
	2. Provide with heaters or sensors in each phase matched to nameplate full load current of specific motor to which connected with appropriate adjustment for duty cycle.  Overload devices to require manual reset after tripping occurs.
	3. Enhanced Protection Overload Relay:  Provide overload relays with NEMA Class 10 tripping characteristics for submersible equipment or where indicated.  Select to protect motor against voltage unbalance and single phasing.
	E. Coordinate size of circuit breakers, trip units, MCP’s and other overcurrent protective devices, with motor manufacturer’s and provide proper rated devices accordingly.
	F. Spaces and Blank Units:  Compartments fully bussed and equipped with guide rails or equivalent, ready for insertion of drawout units.
	G. Spare Units:  Type, sizes, and ratings as indicated, and installed in compartments indicated "spare."
	H. Pilot Lights: High intensity LED type.

	2.05 SURGE PROTECTIVE DEVICE
	2.06 IDENTIFICATION PRODUCTS
	A. Comply with Specification 16195, Electrical Identification.

	2.07 FINISHES
	A. Manufacturer's standard finish suitable for environment in which installed.

	2.08 CONCRETE PAD
	A. Provide 3000 psi concrete.

	3.01 INSTALLATION
	A. General:  Install MCCs in accordance with NEMA ICS 2.3 "Instructions for Handling, Installation, Operation, and Maintenance of MCCs," and with manufacturer's written installation instructions.
	B. Anchor each motor-control center assembly to concrete base in accordance with manufacturer's recommendations.  Level and grout sills flush with motor-control center mounting surface.
	C. Remove temporary lifting eyes, channels, brackets, and temporary blocking of moving parts from MCC units and components.

	3.02 CONCRETE BASES
	A. Provide a concrete pad under MCC location, provide 3 ½- inch high concrete foundation.

	3.03 IDENTIFICATION
	A. Identify field-installed wiring and components and provide warning signs, as specified in Section 16195.
	B. Place wire identification tags at each end of all conductors.

	3.04 CONNECTIONS
	A. Tighten MCC bus joint bolts and electrical connector and terminal bolts in accordance with manufacturer's installation instructions and torque-tightening values.  Where manufacturer's torque values are not stated, use those specified in UL 486A and...

	3.05 COORDINATION STUDY (Not Applicable)
	3.06 FIELD QUALITY CONTROL
	A. Manufacturer's Field Services:
	1. Supplier's or manufacturer's technician for equipment specified herein shall be present at job site or classroom designated by Owner for minimum of 2 workdays, travel time excluded, for assistance during plant startup, equipment adjustment, and tra...

	a. Two mandays for Instructional Services.
	2. Supplier or manufacturer shall direct services to specific system and equipment operation, maintenance, and troubleshooting.

	B. Testing:
	1. Comply with applicable requirements of International Electrical Testing Association (INETA) Standard ATS, "Acceptance Testing Specifications for Electrical Power Distribution Equipment and Systems."
	2. Reports:  Notify Engineer in writing indicating defective materials and workmanship and unsatisfactory test results.  Include record of repairs and adjustments made.
	3. Perform following tests:

	a. Test insulation resistance of MCC buses; components; and of connecting supply, feeder, and control circuits.  For components with solid-state devices or other sensitive components, perform tests in accordance with manufacturer's instructions.
	b. Make continuity tests of circuits.
	c. Inspect MCCs for defects and physical damage, testing laboratory labels, circuit connections, and nameplate compliance with up-to-date system drawings.
	d. Perform operational test and exercise of mechanical components and other operable devices in accordance with manufacturer's instruction manual.
	e. Check MCC anchorage, external clearances, and alignment and fit of components including internal elements.
	f. Check tightness of bolted electrical connections with calibrated torque wrench.  Refer to manufacturer's instructions for proper torque values.
	g. Perform visual and mechanical inspection and related work for motor control and protective devices.
	h. Device Ratings and Settings:  Verify ratings and settings of overload relays, motor circuit protectors, and overcurrent protective devices.
	4. Quality Control Testing Program:  Assure MCC installation meets specified requirements, is operational within specified tolerances, and provides appropriate protection for systems and equipment.

	a. Test and inspect MCCs in accordance with manufacturer's recommendations and these specifications.
	b. Schedule tests and provide notification at least 7 days in advance of test commencement.
	c. Reports:  Prepare written reports of test results and observations.  Report defective materials and workmanship.  Include complete records of adjustments and corrective action taken.
	d. Labeling:  On satisfactory completion of tests and related effort, apply label to tested components indicating results, person responsible, and date.
	e. Test insulation resistance of buses and portions of control wiring that disconnect from solid-state devices through normal disconnecting features.  Insulation resistance less than 100 megohms is not acceptable.
	f. Verify appropriate capacity, overcurrent protection, and operating voltage of control power elements including control power transformers and control power wiring.
	g. Check phasing of supply source to bus.
	h. Test motor-control devices.
	i. Test overcurrent protective devices.
	5. Retesting:  Correct deficiencies and retest.  Verify by retests that specified requirements are met.


	3.07 CLEANING
	A. Inspect interior and exterior of MCCs.  Remove paint splatters and other spots, dirt, and debris.  Touch up scratches and mars of finish to match original finish.

	3.08 PROTECTION
	A. Temporary Heating:  Apply temporary heat in accordance with manufacturer's recommendation within each section of switchgear throughout periods during which the switchgear is not in a space that is continuously under normal control of temperature an...
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 Section 02525 
 
 TAPPING SLEEVES AND VALVES 
 
 
PART 1    G E N E R A L 
 
1.01 SECTION INCLUDES 
 


A. Tapping sleeves and valves for connections to existing water system. 
 
1.02 MEASUREMENT AND PAYMENT 
 


A. Unit Prices. 
 


1. Payment is on unit price basis for each tap installed. 
 


2. Refer to Section 01270 - Measurement and Payment for unit price procedures. 
 


3. For water lines 4-inches and greater, no payment will be made until coupon (cut out 
portion of pipe tapped) is delivered to City. 


 
B. Stipulated Price (Lump Sum).  If Contract is Stipulated Price Contract, payment for work in 


this Section is included in total Stipulated Price. 
 
1.03 REFERENCES 
 


A. ASTM A240 - Standard Specification for Heat-Resisting Chromium and Chromium-Nickel 
Stainless Steel Plate, Sheet, and Strip for Pressure Vessels  


 
B.  ASTM A193 Standard Specification for Alloy-Steel and Stainless Steel Bolting Materials for 


High-Temperature Service. 
 


C. ASTM A194 Standard Specification for Carbon and Alloy Steel Nuts for Bolts for High-
Pressure or High-Temperature Service 


 
D.  AWWA C 110 - Standard for Ductile-Iron and Gray-Iron Fittings, 3 in. through 48 in., for 


Water and other Liquids. 
 


E. AWWA C 200 - Standard for Steel Water Pipe - 6 in. and Larger. 
 


F. AWWA C 207 - Standard for Steel Pipe Flanges for Waterworks Service - Sizes 4 in. 
Through 144 in. 


 
G. AWWA C 500 - Standard for Metal Seated Gate Valves, for Water Supply Service. 
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1.04 SUBMITTALS 
 


A. Conform to requirements of Section 01330 - Submittal Procedures. 
 


B. Submit results of tapping sleeves NPT test opening. 
 


C. Submit manufacturer's affidavit as required in Section 02521 - Gate Valves. 
 
1.05 DELIVERY, STORAGE AND HANDLING 
 


A. Ship steel sleeves in wooden crates that provide protection from damage to epoxy coating 
during transport and storage. 


 
 
PART 2    P R O D U C T S 
 
2.01 MATERIALS 
 


A. Tapping Sleeves: 
 


1. Tapping Sleeve Bodies:  AWWA C 110 cast or ductile iron or AWWA C 200 carbon 
steel in two sections to be bolted together with high-strength, corrosion-resistant, 
low-alloy steel bolts with mechanical joint ends. 


 
2. Branch Outlet of Tapping Sleeve: 


 
a. Flanged, machined recess, AWWA C 207, Class D, ANSI 150 pound drilling. 


 
b. Gasket:  Affixed around recess of tap opening to prevent rolling or binding 


during installation. 
 


3. Use cast iron split sleeve where fire service from 6-inch water line is approved. 
 


B. Welded-steel tapping-sleeve bodies may be used in lieu of cast or ductile iron bodies for 
following sizes and with following restrictions: 


 
1. Flange:  AWWA C 207, Class D, ANSI 150 pound drilling. 


 
2. Gasket:  Affixed around recess of tap opening to prevent rolling or binding during 


installation. 
 


3. Steel sleeves are restricted to use on pipe sizes 6 inches and larger. 
 


4. Body:  Heavy, welded-steel construction; top half grooved to retain neoprene O-ring 
seal permanently against outside diameter of pipe. 
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5. Bolts:  AWWA C 500 Section 3.5; coated with 100 percent vinyl resin or corrosive 
resistant material. 


 
6. Steel Sleeves Finish:  Fusion-bonded epoxy coated to minimum 12 mil thickness. 


 
7. Finished Epoxy Coat:  Free of laminations and blisters; and remain pliant and resistant 


to impact with non-peel finish. 
 


8. Provide approved steel tapping sleeves 
 


9. Tapping Sleeves:  Provide with 3/4-inch NPT test opening for testing prior to tapping. 
 Provide 3/4-inch bronze plug for opening. 


 
10. Do not use steel sleeves for taps greater than 75 percent of pipe diameter. 


 
C. Stainless Steel tapping-sleeve bodies and flange may be used in lieu of cast or ductile iron 


bodies for following sizes and with following restrictions: 
 


1. Flange: ASTM A240 Stainless Steel, Type 304, ANSI 150 pound drilling. 
 
2. Gasket: Full circumferential, affixed around recess of tap opening to prevent rolling or 


binding during installation, compounded for water and sewer service. 
 


3. Stainless Steel sleeves are restricted to use on pipe sizes 4 inches and larger. 
 


4. Body: ASTM A240 Stainless Steel, Type 304. 
 


5. Bolts: ASTM A193 Stainless Steel, Type 304. 
 


6. Nuts: ASTM A194 Stainless Steel, Type 304 
. 


7. Branch Outlet: Heavy Stainless Steel Pipe 
 


8. Provide approved stainless steel tapping sleeves. 
 


9. Do not use stainless steel sleeves for taps greater than 75 percent of pipe diameter. 
 


C. Tapping Valves:  Meet requirements of Section 02521 - Gate Valves with following 
exceptions: 


 
1. Inlet Flanges: 


 
a. AWWA C 110; Class 125. 


 
b. AWWA C 110; Class 150 and higher:  Minimum 8-hole flange. 
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2. Outlet:  Standard mechanical or push-on joint to fit any standard tapping machine. 
 


3. Valve Seat Opening:  Accommodate full-size shell cutter for nominal size tap without 
contact with valve body; double disc. 


 
D. Valve Boxes: Standard Type "A" valve boxes conforming to requirements of Section 02085 - 


Valve Boxes, Meter Boxes, and Meter Vaults. 
 
 
PART 3    E X E C U T I O N 
 
3.01 APPLICATION 
 


A. Install tapping sleeves and valves at locations and of sizes shown on Drawings.  Install sleeve 
so valve is in horizontally level position unless otherwise indicated on Drawings. 


 
B. Clean tapping sleeve, tapping valve, and pipe prior to installation and in accordance with 


manufacturer's instructions. 
 


C. Hydrostatically test installed tapping sleeve to 150 psig for minimum of 15 minutes.  Inspect 
sleeve for leaks, and remedy leaks prior to tapping operation. 


 
D. When tapping concrete pressure pipe, size on size, use shell cutter one standard size smaller 


than water line being tapped. 
 


E. Do not use Large End Bell (LEB) increasers with next size tap unless existing pipe is 
asbestos-cement. 


 
3.02 INSTALLATION 
 


A. Verify outside diameter of pipe to be tapped prior to ordering sleeve. 
 


B. Tighten bolts in proper sequence so that undue stress is not placed on pipe. 
 


C. Align tapping valve properly and attach to tapping sleeve.  Insert insulation sleeves into 
flange holes of tapping valve and pipe.  Make insertions of sleeves on pipe side of tapping 
valve.  Do not damage insulation sleeves during bolt tightening process. 


 
D. Make tap with sharp, shell cutter: 


 
1. For 12-inch and smaller tap, use minimum cutter diameter one-half inch less than 


nominal tap size. 
 


2. For 16-inch and larger tap, use manufacturer's recommended cutter diameter. 
 


E. Withdraw coupon and flush cuttings from newly-made tap. 
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F. Wrap: 


 
1. For 12-inch and smaller tap, wrap completed tapping sleeve and valve in accordance 


with Section 02528 - Polyethylene Wrap. 
 


2. For 16-inch and larger tap, apply coal tar epoxy around completed tapping sleeve and 
valve.  The coal tar epoxy shall be applied with minimum of two (2) coats.  Each coat 
of coal tar epoxy shall have minimum dry film thickness of 16 mils. 


 
G. Place concrete thrust block behind tapping sleeve (not over tapping sleeve and valve). 


 
H. Request inspection of installation prior to backfilling. 


 
I. Backfill in accordance with Section 02317 - Excavation and Backfill for Utilities. 


 
 
 END OF SECTION 
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 Section 02526 
 
 WATER METERS 
 
 
PART 1 G E N E R A L 
 
1.01 SECTION INCLUDES 
 


A. Water meters, submeters, and fire service meters. 
 
1.02 MEASUREMENT AND PAYMENT 
 


A. Unit Prices 
 


1. Measurement for water meters is on unit price basis for installation of each meter type 
and size. 


 
2. Payment includes vault, piping and appurtenances necessary for complete installation of 


meter. 
 


3. Measurement for relocating and reinstalling meter with new box is on unit price basis for 
each meter relocated and reinstalled. 


 
4. No separate payment for adjustment of meter or meter box unless otherwise shown in 


Drawings. 
 


5. Refer to Section 01270 - Measurement and Payment for unit price procedures. 
 


B. Stipulated Price (Lump Sum).  If Contract is Stipulated Price Contract, payment for work is in 
this Section is included in total Stipulated Price. 


 
1.03 REFERENCES 
 


A. ASME B 16.1 - Cast-Iron Pipe Flanges and Flanged Fittings. 
 


B. AWWA C 510 - Standard for Double Check Valve Backflow - Prevention Assembly. 
 


C. AWWA C 700 - Standard for Cold-Water Meters - Displacement Type. 
 


D. AWWA C 701 - Standard for Cold-Water Meters - Turbine Type for Customer Service. 
 


E. AWWA C 702 - Standard for Cold-Water Meters - Compound Type. 
 


F. AWWA C 703 - Standard for Cold-Water Meters - Fire Service Type. 







CITY OF HOUSTON 
STANDARD SPECIFICATION WATER METERS  
 


 
 02526-2 
 10/01/2002 


G. AWWA Manual M6 - Water Meters - Selection, Installation, Testing, and Maintenance. 
 
1.04 SUBMITTALS 
 


A. Conform to requirements of Section 01330 - Submittal Procedures. 
 


B. Submit written certification of calibration and test results. 
 


C. Submit manufacturer's certification that meters meet applicable requirements of this 
Specification Section. 


 
D. Submit accuracy registration test certification from manufacturer for each 3-inch through 10-


inch diameter meter. 
 
1.05 QUALITY CONTROL 
 


A. Submit manufacturer's warranty against defects in materials and workmanship for one year 
from date of Substantial Completion. 


 
B. Provide vendor's unconditional guarantee that performance of each meter meets applicable 


AWWA standards and AWWA Manual M6 as follows: 
 


1. Displacement type:  10 years from installation or register registration shown below, 
whichever comes first.  


Size 
(inch) 


 
Registration (million gallons) 


 
5/8, 3/4 


1 
1-1/2 


2 


 
1.5 
2.5 
5.0 
10.5 


2. Turbine type:  1 year from date of installation. 
 


3. Compound type:  1 year from date of installation. 
 


4. Fire service type:  1 year from date of installation. 
 


Operations of hermetically sealed register, 5/8-inch to 2-inch diameter, shall be 
unconditionally guaranteed for 15 years. 


 
C. Provide manufacturer's unconditional guarantee for each sealed register against leakage, 


fogging, discoloration and stoppage for 15 years from date of installation. 
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D. Vendor may replace meters that become defective within guarantee period with meters that 
comply with this Specification.  City will return defective meters to vendor at expense.  
Meters repaired or replaced under this guarantee must meet accuracy limits for new meters 
upon receipt and accuracy limits for remaining period of initial guarantee. 


 
1.06 EASEMENT REQUIREMENTS 
 


A. Install 2-inch and smaller water meters and shut-off valves (stop boxes) at right-of-way line 
when possible.  Otherwise, install within 5 foot by 5 foot water meter easement. 


 
B. Except for 10-inch fire service compound water meters, install 3-inch and larger water meters 


within minimum of 10 foot by 20 foot water meter easement. 
 


C. Install 10-inch fire service proportional or compound water meters within minimum of 10-
foot by 25-foot water meter easement. 


 
D. Locate water meter easements contiguous with public right-of-way unless approved by 


Project Manager.  Provide minimum fifteen foot wide access easement when not contiguous 
with public right-of-way. 


 
 
PART 2 P R O D U C T S 
 
2.01 GENERAL 
 


A. Provide meters of type and size as indicated on Drawings, unless otherwise indicated. 
 


B. Provide bolted split casings.  Main casings of meters and external fasteners:  Copper alloy 
with minimum 75 percent copper for 5/8 inch to 2 inches, bronze or cast iron, hot-dipped 
galvanized or epoxy coating for 3 inches and larger. 


 
C. Straightening Vanes:  Non-corrosive material compatible with case material. 


 
D. Intermediate gear train shall not come into contact with water and shall operate in suitable 


lubricant. 
 


E. Registers: Automatic Meter Reading (AMR) type that provides pulse, contact closure, piezo 
switch or encoder generated output signal, compatible with City's radio and telephone AMR 
systems. Provide minimum 12-foot wire when permanently connected to register. Lens: 
impact resistant. Register box: tamper resistant by means of tamper screw or plug: Register: 
permanently sealed, straight-reading, center-sweep test hand, magnetic driven, U.S. gallons. 
Digits: 6, black in color, with lowest registering 3 digits (below 1,000-gallon registration) 
having contrasting digit and background color.  Register capacity of meters:  9.99 million 
gallons for 5/8 inch to 2 inches and 999.999 million gallons for 3 inches and larger.  
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F. Connections:  5/8 inch to 1 inch:  threads at each end; 1-1/2 to 2 inches:  2-bolt oval flanges 
each end; 3 inches and larger:  flange at each end. 


  
G. Stamp manufacturer's meter serial number on outer case. Stamp manufacturer's meter serial 


number on outside of register lid when provided. Manufacturer's serial numbers shall be 
individual and not duplicated. 


 
H. Meters: Provide approved meters equip with AMR type register to connect to City of 


Houston's AMR system.   
 


I. Manufacturing Quality Control shall permit successful interchangeability from one meter to 
another of same size including registers, measuring chambers and units, discs or pistons as 
units, change gears, bolts, nuts, and washers without affecting accuracy of new meter. 


 
J. For water meter vaults provide: 


 
1. 1/4-inch steel or aluminum with stainless steel hinge pins.  Door shall open to 90 degrees 


and automatically lock in that position. 
2. Provide approved meter vault covers.  


 
2.02 METER APPLICATIONS 
 


A. Sizes 5/8-inch to 2-inch Meters:  Displacement type (except for constant flow where 2-inch 
turbine may apply). 


 
B. Sizes 3-inch and above Meters: 


 
1. Turbines: 


 
Processing plants 
Manufacturing facilities 
Lawn sprinkler systems 
Effluent water in treatment plants 
Booster (pump) stations 
Level controlled tank filling operations 
Fire hydrants (transients) 
Inter-systems sale or transfer 
Sewer credit/sub-meter 


 
2. Compounds: 


 
Multi-family dwellings 
Motels and hotels 
Hospitals 
Schools
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Restaurants 
Office buildings 
Dormitories, nursing homes, department stores, shopping malls, and other commercial 
establishments 


 
Note:  Provide fire service type for sizes larger than 6 inches. 


 
3. Fire Service Type: For designated fire protection lines.  Provide proportional or 


compound type fire service meter assembly (AWWA C 703) when customer elects to use 
combination of potable and fire protection services in lieu of separate domestic meters 
and fire services. 


 
2.03 MATERIALS 
 


A. Cold-Water Meters: 
 


1. Displacement Type:  AWWA C 700; sizes 5/8 inch up to and including 2 inches; 
oscillating disc or piston of magnetic drive type; bolted split-case design, with either 
being removable. 


 
2. Turbine Type:  AWWA C 701; Class II; sizes 3 inches through 10 inches; flanged; 


straight-through measuring chamber; rotor construction:  polypropylene or similar non-
rubber material with specific gravity of approximately 1.0, equipped with near 
frictionless replaceable bearings in turbine working against rotor shaft positioned thrust 
bearing.  Transient/Fire Hydrant Meter Inlet:  Female fitting for attachment to hose 
nozzle with National Standard Fire hose thread.  Outlet:  2-inch nipple with National Pipe 
Thread.  Include restriction plate to limit flow through meter to 400 gpm at 65 psi. 


 
3. Compound Type:  AWWA C 702; sizes 2 inches through 6 inches.  Measuring chambers: 


 For use in continuous operation; separate units of copper alloy (minimum 84 percent 
copper) or approved polymer material, inert in corrosive potable water; with centering 
device for proper positioning.  Measuring pistons:  Non-pilot type with division plates of 
rubber covering vulcanized to stainless steel or other approved material of sufficient 
thickness to provide minimum piston oscillation noise.  Measuring discs:  Flat or conical 
type, one piece, mounted on monel or 316 stainless steel spindle.  Measuring chamber 
strainer screen area:  Twice area of main case inlet. 


 
4. Fire-Service Type: sizes 4 inches through 10 inches; turbine-type, compound type, 


proportional type; AWWA C 703, with separate check valve conforming to AWWA C 
510.  Determine size of fire meter by adding fire flow and domestic flow. 


 
2.04 STRAINERS 
 


A. Displacement Potable Water Meters 5/8 inch through 2 inches:  Self-straining by means of 
annular space between measuring chamber and external case or with strainer screens installed 
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in meter.  Provide rigid screens which fit snugly, are easy to remove, with effective straining 
area at least double that of main case inlet. 


 
B. Potable Water Meters 2-inch diameter and larger:  Equip with separate external strainer with 


bronze body for diameters less than 8 inches.  8-inch diameter and larger may be cast iron, 
hot-dipped galvanized or epoxy coating.  Strainers:  Bolted to inlet side of meter, detachable 
from meter, easily removable lid.  Strainer screen:  Made of rounded cast bronze, stainless 
steel wire, having nominal screen size of 3-1/2 mesh-per-inch (U.S. Series) not less than 45 
percent clear area. 


 
C. Provide separate approved external strainers (when required by meter manufacturer) approved 


for use in fire service metered connections by Underwriters Laboratories.  Bodies:  Cast iron 
or copper alloy.  Ends:  Flanged in accordance with ASME B 16.1, Class 125.  Provide 
stainless steel basket.  Strainers shall be detachable from meter.   


 
2.05 CONNECTIONS AND FITTINGS 
 


A. Provide pipe for connections in accordance with Section 02501 - Ductile Iron Pipe and 
Fittings and Section 02506 - Polyvinyl Chloride Pipe. Use restrained joints and flanged joints 
only. 


 
B. Fittings: 


 
1. For meters 2 inches and smaller: Same type of fittings as Outlet End fittings for Curb 


Stop in accordance with Section 02512 - Water Tap and Service Line Installation. 
 


2. For meters 3 inches and larger: Restrained ductile iron; push-on bell joints or mechanical 
joint fittings between water line and meter vault; Class 125 flanged inside meter vaults; 
cement mortar lined and sealed. 


 
2.06 LAYING LENGTHS 
 


A. Minimum laying lengths for meter and standard strainer shall be as shown on Drawings. 
 
 
PART 3 E X E C U T I O N 
 
3.01 TAPPING AND METER SERVICE INSTALLATION 
 


A. Refer to Section 02525 - Tapping Sleeves and Valves for tapping requirements. 
 


B. Meter Service Line: 
 


1. Use pipe and fittings conforming to requirements of Section 02501 - Ductile Iron Pipe 
and Fittings, or Section 02506 - Polyvinyl Chloride Pipe. 
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2. Limit pulling and deflecting of joints to limits recommended by manufacturer. 


 
3. Make vertical adjustments with offset bends where room will permit.  Minimize number 


of bends. 
 


4. Provide minimum of ten pipe diameters of straight pipe length upstream and downstream 
of meter vault. 


 
3.02 METER FITTING HOOKUP 
 


A. Support meter piping and meter, level and plumb, during installation.  Support meters 3 
inches and larger with concrete at minimum of two locations. 


 
B. Use round flanged fittings inside meter box or vault except for mechanical joint to flange 


adapter.  Provide full-face 1/8-inch black neoprene or red rubber gasket material on flanged 
joints.  Provide bolts and nuts made from approved corrosion-resistant material. 


 
C. Tighten bolts in proper sequence and to correct torque. 


 
D. Visually check for leaks under normal operating pressure following installation.  Repair or 


replace leaking components. 
 
3.03 METER BOX AND VAULT INSTALLATION 
 


A. Conform to requirements of Section 02085 - Valve Boxes, Meter Boxes, and Meter Vaults. 
 


B. Perform adjustment to existing meter in accordance with Section 02085 - Valve Boxes, Meter 
Boxes, and Meter Vaults. 


 
3.04 TESTING 
 


A. Accuracy registration tests will be conducted in accordance with latest revision of AWWA 
standard for type and size of meter. 


 
1. Tests will be run by City of Houston on meters prior to installation at  City's meter repair 


shop.  Meters 2 inches and smaller will be tested at random at City's discretion.  All 3 
inches and larger meters will be tested. 


 
2. Accuracy of displacement meters during guarantee period shall be as follows: 


 
a. Initial period: of 18 months from date of shipment or 12 months from date of 


installation:  98.5% to 101.5% at standard and minimum flow rates; 98% to 101% at 
low flow rates.
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b. Second period:  AWWA new meter accuracy as tested below. 
 


GUARANTEE PERIOD TEST FLOW RATE


Meter Size 
(inches)


Age of 
Meter 
Years Or


Million* 
Gallons


Minimum 
Rate (gpm)


   
5/8 >1 to <5 0.5 1/4 
1 >1 to <5 1.0 3/4 


1-1/2 >1 to <5 2.5 1-1/2 
2 >1 to <5 5.5 2 


 
* Total registration. 


 
c. Third period:  AWWA new meter accuracy for standard flow rates and AWWA 


repair meter accuracy for minimum flow rate as tested below. 
 


GUARANTEE PERIOD TEST FLOW RATE


Meter Size 
(inches)


Age of 
Meter 
Years or


Million* 
Gallons


Standard Flow 
 Rates (gpm) and


Minimum 
Rate (gpm)


     
5/8 >5 to <10 1.5 2-15  1/4 
1 >5 to <10 2.5 4-40  3/4 


1-1/2 >5 to <10 5.0 8-50  1-1/2 
2 >5 to <10 10.0 15-100  2 


 
* Total registration. 


3. Mini a curacy in percent of low flow registration for turbine meters: mal acceptable 
  


c


Meter Size 
(inches) 


 
Minimum Flow 


(gpm) 
 
% Accuracy Required


 
2 
3 
4 
6 
8 
10 


 
3 
5 
15 
20 
20 
30 


 
95 
95 
95 
95 
95 
95 


 
 
 END OF SECTION 
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 Section 02526 
 
 WATER METERS 
 
 
PART 1 G E N E R A L 
 
1.01 SECTION INCLUDES 
 


A. Water meters, submeters, and fire service meters. 
 
1.02 MEASUREMENT AND PAYMENT 
 


A. Unit Prices 
 


1. Measurement for water meters is on unit price basis for installation of each meter type 
and size. 


 
2. Payment includes vault, piping and appurtenances necessary for complete installation of 


meter. 
 


3. Measurement for relocating and reinstalling meter with new box is on unit price basis for 
each meter relocated and reinstalled. 


 
4. No separate payment for adjustment of meter or meter box unless otherwise shown in 


Drawings. 
 


5. Refer to Section 01270 - Measurement and Payment for unit price procedures. 
 


B. Stipulated Price (Lump Sum).  If Contract is Stipulated Price Contract, payment for work is in 
this Section is included in total Stipulated Price. 


 
1.03 REFERENCES 
 


A. ASME B 16.1 - Cast-Iron Pipe Flanges and Flanged Fittings. 
 


B. AWWA C 510 - Standard for Double Check Valve Backflow - Prevention Assembly. 
 


C. AWWA C 700 - Standard for Cold-Water Meters - Displacement Type. 
 


D. AWWA C 701 - Standard for Cold-Water Meters - Turbine Type for Customer Service. 
 


E. AWWA C 702 - Standard for Cold-Water Meters - Compound Type. 
 


F. AWWA C 703 - Standard for Cold-Water Meters - Fire Service Type. 
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G. AWWA Manual M6 - Water Meters - Selection, Installation, Testing, and Maintenance. 
 
1.04 SUBMITTALS 
 


A. Conform to requirements of Section 01330 - Submittal Procedures. 
 


B. Submit written certification of calibration and test results. 
 


C. Submit manufacturer's certification that meters meet applicable requirements of this 
Specification Section. 


 
D. Submit accuracy registration test certification from manufacturer for each 3-inch through 10-


inch diameter meter. 
 
1.05 QUALITY CONTROL 
 


A. Submit manufacturer's warranty against defects in materials and workmanship for one year 
from date of Substantial Completion. 


 
B. Provide vendor's unconditional guarantee that performance of each meter meets applicable 


AWWA standards and AWWA Manual M6 as follows: 
 


1. Displacement type:  10 years from installation or register registration shown below, 
whichever comes first.  


Size 
(inch) 


 
Registration (million gallons) 


 
5/8, 3/4 


1 
1-1/2 


2 


 
1.5 
2.5 
5.0 
10.5 


2. Turbine type:  1 year from date of installation. 
 


3. Compound type:  1 year from date of installation. 
 


4. Fire service type:  1 year from date of installation. 
 


Operations of hermetically sealed register, 5/8-inch to 2-inch diameter, shall be 
unconditionally guaranteed for 15 years. 


 
C. Provide manufacturer's unconditional guarantee for each sealed register against leakage, 


fogging, discoloration and stoppage for 15 years from date of installation. 
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D. Vendor may replace meters that become defective within guarantee period with meters that 
comply with this Specification.  City will return defective meters to vendor at expense.  
Meters repaired or replaced under this guarantee must meet accuracy limits for new meters 
upon receipt and accuracy limits for remaining period of initial guarantee. 


 
1.06 EASEMENT REQUIREMENTS 
 


A. Install 2-inch and smaller water meters and shut-off valves (stop boxes) at right-of-way line 
when possible.  Otherwise, install within 5 foot by 5 foot water meter easement. 


 
B. Except for 10-inch fire service compound water meters, install 3-inch and larger water meters 


within minimum of 10 foot by 20 foot water meter easement. 
 


C. Install 10-inch fire service proportional or compound water meters within minimum of 10-
foot by 25-foot water meter easement. 


 
D. Locate water meter easements contiguous with public right-of-way unless approved by 


Project Manager.  Provide minimum fifteen foot wide access easement when not contiguous 
with public right-of-way. 


 
 
PART 2 P R O D U C T S 
 
2.01 GENERAL 
 


A. Provide meters of type and size as indicated on Drawings, unless otherwise indicated. 
 


B. Provide bolted split casings.  Main casings of meters and external fasteners:  Copper alloy 
with minimum 75 percent copper for 5/8 inch to 2 inches, bronze or cast iron, hot-dipped 
galvanized or epoxy coating for 3 inches and larger. 


 
C. Straightening Vanes:  Non-corrosive material compatible with case material. 


 
D. Intermediate gear train shall not come into contact with water and shall operate in suitable 


lubricant. 
 


E. Registers: Automatic Meter Reading (AMR) type that provides pulse, contact closure, piezo 
switch or encoder generated output signal, compatible with City's radio and telephone AMR 
systems. Provide minimum 12-foot wire when permanently connected to register. Lens: 
impact resistant. Register box: tamper resistant by means of tamper screw or plug: Register: 
permanently sealed, straight-reading, center-sweep test hand, magnetic driven, U.S. gallons. 
Digits: 6, black in color, with lowest registering 3 digits (below 1,000-gallon registration) 
having contrasting digit and background color.  Register capacity of meters:  9.99 million 
gallons for 5/8 inch to 2 inches and 999.999 million gallons for 3 inches and larger.  
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F. Connections:  5/8 inch to 1 inch:  threads at each end; 1-1/2 to 2 inches:  2-bolt oval flanges 
each end; 3 inches and larger:  flange at each end. 


  
G. Stamp manufacturer's meter serial number on outer case. Stamp manufacturer's meter serial 


number on outside of register lid when provided. Manufacturer's serial numbers shall be 
individual and not duplicated. 


 
H. Meters: Provide approved meters equip with AMR type register to connect to City of 


Houston's AMR system.   
 


I. Manufacturing Quality Control shall permit successful interchangeability from one meter to 
another of same size including registers, measuring chambers and units, discs or pistons as 
units, change gears, bolts, nuts, and washers without affecting accuracy of new meter. 


 
J. For water meter vaults provide: 


 
1. 1/4-inch steel or aluminum with stainless steel hinge pins.  Door shall open to 90 degrees 


and automatically lock in that position. 
2. Provide approved meter vault covers.  


 
2.02 METER APPLICATIONS 
 


A. Sizes 5/8-inch to 2-inch Meters:  Displacement type (except for constant flow where 2-inch 
turbine may apply). 


 
B. Sizes 3-inch and above Meters: 


 
1. Turbines: 


 
Processing plants 
Manufacturing facilities 
Lawn sprinkler systems 
Effluent water in treatment plants 
Booster (pump) stations 
Level controlled tank filling operations 
Fire hydrants (transients) 
Inter-systems sale or transfer 
Sewer credit/sub-meter 


 
2. Compounds: 


 
Multi-family dwellings 
Motels and hotels 
Hospitals 
Schools
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Restaurants 
Office buildings 
Dormitories, nursing homes, department stores, shopping malls, and other commercial 
establishments 


 
Note:  Provide fire service type for sizes larger than 6 inches. 


 
3. Fire Service Type: For designated fire protection lines.  Provide proportional or 


compound type fire service meter assembly (AWWA C 703) when customer elects to use 
combination of potable and fire protection services in lieu of separate domestic meters 
and fire services. 


 
2.03 MATERIALS 
 


A. Cold-Water Meters: 
 


1. Displacement Type:  AWWA C 700; sizes 5/8 inch up to and including 2 inches; 
oscillating disc or piston of magnetic drive type; bolted split-case design, with either 
being removable. 


 
2. Turbine Type:  AWWA C 701; Class II; sizes 3 inches through 10 inches; flanged; 


straight-through measuring chamber; rotor construction:  polypropylene or similar non-
rubber material with specific gravity of approximately 1.0, equipped with near 
frictionless replaceable bearings in turbine working against rotor shaft positioned thrust 
bearing.  Transient/Fire Hydrant Meter Inlet:  Female fitting for attachment to hose 
nozzle with National Standard Fire hose thread.  Outlet:  2-inch nipple with National Pipe 
Thread.  Include restriction plate to limit flow through meter to 400 gpm at 65 psi. 


 
3. Compound Type:  AWWA C 702; sizes 2 inches through 6 inches.  Measuring chambers: 


 For use in continuous operation; separate units of copper alloy (minimum 84 percent 
copper) or approved polymer material, inert in corrosive potable water; with centering 
device for proper positioning.  Measuring pistons:  Non-pilot type with division plates of 
rubber covering vulcanized to stainless steel or other approved material of sufficient 
thickness to provide minimum piston oscillation noise.  Measuring discs:  Flat or conical 
type, one piece, mounted on monel or 316 stainless steel spindle.  Measuring chamber 
strainer screen area:  Twice area of main case inlet. 


 
4. Fire-Service Type: sizes 4 inches through 10 inches; turbine-type, compound type, 


proportional type; AWWA C 703, with separate check valve conforming to AWWA C 
510.  Determine size of fire meter by adding fire flow and domestic flow. 


 
2.04 STRAINERS 
 


A. Displacement Potable Water Meters 5/8 inch through 2 inches:  Self-straining by means of 
annular space between measuring chamber and external case or with strainer screens installed 
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in meter.  Provide rigid screens which fit snugly, are easy to remove, with effective straining 
area at least double that of main case inlet. 


 
B. Potable Water Meters 2-inch diameter and larger:  Equip with separate external strainer with 


bronze body for diameters less than 8 inches.  8-inch diameter and larger may be cast iron, 
hot-dipped galvanized or epoxy coating.  Strainers:  Bolted to inlet side of meter, detachable 
from meter, easily removable lid.  Strainer screen:  Made of rounded cast bronze, stainless 
steel wire, having nominal screen size of 3-1/2 mesh-per-inch (U.S. Series) not less than 45 
percent clear area. 


 
C. Provide separate approved external strainers (when required by meter manufacturer) approved 


for use in fire service metered connections by Underwriters Laboratories.  Bodies:  Cast iron 
or copper alloy.  Ends:  Flanged in accordance with ASME B 16.1, Class 125.  Provide 
stainless steel basket.  Strainers shall be detachable from meter.   


 
2.05 CONNECTIONS AND FITTINGS 
 


A. Provide pipe for connections in accordance with Section 02501 - Ductile Iron Pipe and 
Fittings and Section 02506 - Polyvinyl Chloride Pipe. Use restrained joints and flanged joints 
only. 


 
B. Fittings: 


 
1. For meters 2 inches and smaller: Same type of fittings as Outlet End fittings for Curb 


Stop in accordance with Section 02512 - Water Tap and Service Line Installation. 
 


2. For meters 3 inches and larger: Restrained ductile iron; push-on bell joints or mechanical 
joint fittings between water line and meter vault; Class 125 flanged inside meter vaults; 
cement mortar lined and sealed. 


 
2.06 LAYING LENGTHS 
 


A. Minimum laying lengths for meter and standard strainer shall be as shown on Drawings. 
 
 
PART 3 E X E C U T I O N 
 
3.01 TAPPING AND METER SERVICE INSTALLATION 
 


A. Refer to Section 02525 - Tapping Sleeves and Valves for tapping requirements. 
 


B. Meter Service Line: 
 


1. Use pipe and fittings conforming to requirements of Section 02501 - Ductile Iron Pipe 
and Fittings, or Section 02506 - Polyvinyl Chloride Pipe. 
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2. Limit pulling and deflecting of joints to limits recommended by manufacturer. 


 
3. Make vertical adjustments with offset bends where room will permit.  Minimize number 


of bends. 
 


4. Provide minimum of ten pipe diameters of straight pipe length upstream and downstream 
of meter vault. 


 
3.02 METER FITTING HOOKUP 
 


A. Support meter piping and meter, level and plumb, during installation.  Support meters 3 
inches and larger with concrete at minimum of two locations. 


 
B. Use round flanged fittings inside meter box or vault except for mechanical joint to flange 


adapter.  Provide full-face 1/8-inch black neoprene or red rubber gasket material on flanged 
joints.  Provide bolts and nuts made from approved corrosion-resistant material. 


 
C. Tighten bolts in proper sequence and to correct torque. 


 
D. Visually check for leaks under normal operating pressure following installation.  Repair or 


replace leaking components. 
 
3.03 METER BOX AND VAULT INSTALLATION 
 


A. Conform to requirements of Section 02085 - Valve Boxes, Meter Boxes, and Meter Vaults. 
 


B. Perform adjustment to existing meter in accordance with Section 02085 - Valve Boxes, Meter 
Boxes, and Meter Vaults. 


 
3.04 TESTING 
 


A. Accuracy registration tests will be conducted in accordance with latest revision of AWWA 
standard for type and size of meter. 


 
1. Tests will be run by City of Houston on meters prior to installation at  City's meter repair 


shop.  Meters 2 inches and smaller will be tested at random at City's discretion.  All 3 
inches and larger meters will be tested. 


 
2. Accuracy of displacement meters during guarantee period shall be as follows: 


 
a. Initial period: of 18 months from date of shipment or 12 months from date of 


installation:  98.5% to 101.5% at standard and minimum flow rates; 98% to 101% at 
low flow rates.
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b. Second period:  AWWA new meter accuracy as tested below. 
 


GUARANTEE PERIOD TEST FLOW RATE


Meter Size 
(inches)


Age of 
Meter 
Years Or


Million* 
Gallons


Minimum 
Rate (gpm)


   
5/8 >1 to <5 0.5 1/4 
1 >1 to <5 1.0 3/4 


1-1/2 >1 to <5 2.5 1-1/2 
2 >1 to <5 5.5 2 


 
* Total registration. 


 
c. Third period:  AWWA new meter accuracy for standard flow rates and AWWA 


repair meter accuracy for minimum flow rate as tested below. 
 


GUARANTEE PERIOD TEST FLOW RATE


Meter Size 
(inches)


Age of 
Meter 
Years or


Million* 
Gallons


Standard Flow 
 Rates (gpm) and


Minimum 
Rate (gpm)


     
5/8 >5 to <10 1.5 2-15  1/4 
1 >5 to <10 2.5 4-40  3/4 


1-1/2 >5 to <10 5.0 8-50  1-1/2 
2 >5 to <10 10.0 15-100  2 


 
* Total registration. 


3. Mini a curacy in percent of low flow registration for turbine meters: mal acceptable 
  


c


Meter Size 
(inches) 


 
Minimum Flow 


(gpm) 
 
% Accuracy Required


 
2 
3 
4 
6 
8 
10 


 
3 
5 
15 
20 
20 
30 


 
95 
95 
95 
95 
95 
95 


 
 
 END OF SECTION 
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 Section 02525 
 
 TAPPING SLEEVES AND VALVES 
 
 
PART 1    G E N E R A L 
 
1.01 SECTION INCLUDES 
 


A. Tapping sleeves and valves for connections to existing water system. 
 
1.02 MEASUREMENT AND PAYMENT 
 


A. Unit Prices. 
 


1. Payment is on unit price basis for each tap installed. 
 


2. Refer to Section 01270 - Measurement and Payment for unit price procedures. 
 


3. For water lines 4-inches and greater, no payment will be made until coupon (cut out 
portion of pipe tapped) is delivered to City. 


 
B. Stipulated Price (Lump Sum).  If Contract is Stipulated Price Contract, payment for work in 


this Section is included in total Stipulated Price. 
 
1.03 REFERENCES 
 


A. ASTM A240 - Standard Specification for Heat-Resisting Chromium and Chromium-Nickel 
Stainless Steel Plate, Sheet, and Strip for Pressure Vessels  


 
B.  ASTM A193 Standard Specification for Alloy-Steel and Stainless Steel Bolting Materials for 


High-Temperature Service. 
 


C. ASTM A194 Standard Specification for Carbon and Alloy Steel Nuts for Bolts for High-
Pressure or High-Temperature Service 


 
D.  AWWA C 110 - Standard for Ductile-Iron and Gray-Iron Fittings, 3 in. through 48 in., for 


Water and other Liquids. 
 


E. AWWA C 200 - Standard for Steel Water Pipe - 6 in. and Larger. 
 


F. AWWA C 207 - Standard for Steel Pipe Flanges for Waterworks Service - Sizes 4 in. 
Through 144 in. 


 
G. AWWA C 500 - Standard for Metal Seated Gate Valves, for Water Supply Service. 
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1.04 SUBMITTALS 
 


A. Conform to requirements of Section 01330 - Submittal Procedures. 
 


B. Submit results of tapping sleeves NPT test opening. 
 


C. Submit manufacturer's affidavit as required in Section 02521 - Gate Valves. 
 
1.05 DELIVERY, STORAGE AND HANDLING 
 


A. Ship steel sleeves in wooden crates that provide protection from damage to epoxy coating 
during transport and storage. 


 
 
PART 2    P R O D U C T S 
 
2.01 MATERIALS 
 


A. Tapping Sleeves: 
 


1. Tapping Sleeve Bodies:  AWWA C 110 cast or ductile iron or AWWA C 200 carbon 
steel in two sections to be bolted together with high-strength, corrosion-resistant, 
low-alloy steel bolts with mechanical joint ends. 


 
2. Branch Outlet of Tapping Sleeve: 


 
a. Flanged, machined recess, AWWA C 207, Class D, ANSI 150 pound drilling. 


 
b. Gasket:  Affixed around recess of tap opening to prevent rolling or binding 


during installation. 
 


3. Use cast iron split sleeve where fire service from 6-inch water line is approved. 
 


B. Welded-steel tapping-sleeve bodies may be used in lieu of cast or ductile iron bodies for 
following sizes and with following restrictions: 


 
1. Flange:  AWWA C 207, Class D, ANSI 150 pound drilling. 


 
2. Gasket:  Affixed around recess of tap opening to prevent rolling or binding during 


installation. 
 


3. Steel sleeves are restricted to use on pipe sizes 6 inches and larger. 
 


4. Body:  Heavy, welded-steel construction; top half grooved to retain neoprene O-ring 
seal permanently against outside diameter of pipe. 
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5. Bolts:  AWWA C 500 Section 3.5; coated with 100 percent vinyl resin or corrosive 
resistant material. 


 
6. Steel Sleeves Finish:  Fusion-bonded epoxy coated to minimum 12 mil thickness. 


 
7. Finished Epoxy Coat:  Free of laminations and blisters; and remain pliant and resistant 


to impact with non-peel finish. 
 


8. Provide approved steel tapping sleeves 
 


9. Tapping Sleeves:  Provide with 3/4-inch NPT test opening for testing prior to tapping. 
 Provide 3/4-inch bronze plug for opening. 


 
10. Do not use steel sleeves for taps greater than 75 percent of pipe diameter. 


 
C. Stainless Steel tapping-sleeve bodies and flange may be used in lieu of cast or ductile iron 


bodies for following sizes and with following restrictions: 
 


1. Flange: ASTM A240 Stainless Steel, Type 304, ANSI 150 pound drilling. 
 
2. Gasket: Full circumferential, affixed around recess of tap opening to prevent rolling or 


binding during installation, compounded for water and sewer service. 
 


3. Stainless Steel sleeves are restricted to use on pipe sizes 4 inches and larger. 
 


4. Body: ASTM A240 Stainless Steel, Type 304. 
 


5. Bolts: ASTM A193 Stainless Steel, Type 304. 
 


6. Nuts: ASTM A194 Stainless Steel, Type 304 
. 


7. Branch Outlet: Heavy Stainless Steel Pipe 
 


8. Provide approved stainless steel tapping sleeves. 
 


9. Do not use stainless steel sleeves for taps greater than 75 percent of pipe diameter. 
 


C. Tapping Valves:  Meet requirements of Section 02521 - Gate Valves with following 
exceptions: 


 
1. Inlet Flanges: 


 
a. AWWA C 110; Class 125. 


 
b. AWWA C 110; Class 150 and higher:  Minimum 8-hole flange. 
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2. Outlet:  Standard mechanical or push-on joint to fit any standard tapping machine. 
 


3. Valve Seat Opening:  Accommodate full-size shell cutter for nominal size tap without 
contact with valve body; double disc. 


 
D. Valve Boxes: Standard Type "A" valve boxes conforming to requirements of Section 02085 - 


Valve Boxes, Meter Boxes, and Meter Vaults. 
 
 
PART 3    E X E C U T I O N 
 
3.01 APPLICATION 
 


A. Install tapping sleeves and valves at locations and of sizes shown on Drawings.  Install sleeve 
so valve is in horizontally level position unless otherwise indicated on Drawings. 


 
B. Clean tapping sleeve, tapping valve, and pipe prior to installation and in accordance with 


manufacturer's instructions. 
 


C. Hydrostatically test installed tapping sleeve to 150 psig for minimum of 15 minutes.  Inspect 
sleeve for leaks, and remedy leaks prior to tapping operation. 


 
D. When tapping concrete pressure pipe, size on size, use shell cutter one standard size smaller 


than water line being tapped. 
 


E. Do not use Large End Bell (LEB) increasers with next size tap unless existing pipe is 
asbestos-cement. 


 
3.02 INSTALLATION 
 


A. Verify outside diameter of pipe to be tapped prior to ordering sleeve. 
 


B. Tighten bolts in proper sequence so that undue stress is not placed on pipe. 
 


C. Align tapping valve properly and attach to tapping sleeve.  Insert insulation sleeves into 
flange holes of tapping valve and pipe.  Make insertions of sleeves on pipe side of tapping 
valve.  Do not damage insulation sleeves during bolt tightening process. 


 
D. Make tap with sharp, shell cutter: 


 
1. For 12-inch and smaller tap, use minimum cutter diameter one-half inch less than 


nominal tap size. 
 


2. For 16-inch and larger tap, use manufacturer's recommended cutter diameter. 
 


E. Withdraw coupon and flush cuttings from newly-made tap. 
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F. Wrap: 


 
1. For 12-inch and smaller tap, wrap completed tapping sleeve and valve in accordance 


with Section 02528 - Polyethylene Wrap. 
 


2. For 16-inch and larger tap, apply coal tar epoxy around completed tapping sleeve and 
valve.  The coal tar epoxy shall be applied with minimum of two (2) coats.  Each coat 
of coal tar epoxy shall have minimum dry film thickness of 16 mils. 


 
G. Place concrete thrust block behind tapping sleeve (not over tapping sleeve and valve). 


 
H. Request inspection of installation prior to backfilling. 


 
I. Backfill in accordance with Section 02317 - Excavation and Backfill for Utilities. 


 
 
 END OF SECTION 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 







