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SECTION 01010 

 

SUMMARY OF WORK 

 

 

1.0 GENERAL 

 

The work covered under this contract will be performed at multiple sites of the Lower 

Greasewood-Dilkon Community Water System operated by the Navajo Tribal Utility Authority. 

 

2.0 DESCRIPTION OF OWNER'S PROJECT 

 

The overall project will increase the pumping capacity of the Dilkon Pass Booster Pump 

Station No. 3 by constructing a new pump station and increasing the capacity of the discharge 

piping by replacing 3,945 linear feet of the existing 6-inch diameter pipe with 8-inch diameter 

pipe. An additional 3,724 linear feet of 6-inch diameter pipe will also be installed to support 

demands between the booster pump station and Indian Wells Tank (offline). A new check valve 

will be installed to serve homes between the booster pump station and Indian Wells Tank 

(offline). A new crossing Coyote Wash with 6-inch HDPE pipe is also included in this project. 

 

3.0 WORK OF THIS CONTRACT 

 

The work to be performed under this contract includes:  

• Construction of a new booster pump station with capacity of 250 gpm and pump house 

with new electrical and telemetry controls system. The booster pump station will replace 

the existing booster pump station rated at 150 gpm. 

• Install 3,945 linear feet of 8-inch diameter PVC downstream of the pump house 

connecting the booster pump station and connecting to the existing 6-inch diameter pipe. 

The new 8-inch diameter PVC pipe will parallel the existing 6-inch diameter PVC pipe 

that will be abandoned in place. 

• Install 3,724 linear feet of 6-inch diameter PVC upstream of the pump house connecting 

the new Pressure Reducing Valve Station No. 18 and existing 6-inch west of the 2-inch 

check valve station. The new 6-inch diameter PVC pipe will parallel the abandoned 6-

inch diameter PVC pipe. 

• Install a 6-feet by 9-feet by 6-feet PRV vault with 4-inch x 2-inch pressure reducing 

valves and pipe and fitting assemblies. The vault and valves will replace the existing 2-

inch x ¾-inch PRV station (PRV No. 18) 

• Install a 5-foot diameter manhole vault to house a 4-inch check valve. The valve will 

permit flow from Wood Chop Tank to serve homes between the booster pump station and 

Indian Wells Tank (offline). 



Summary of Work 

01010-2 

Dilkon Pass Booster 

Contract Issue 

• Install 889 linear feet of 6-inch diameter HDPE pipe crossing the Coyote Wash. The 

pressure class of the existing 6-inch PVC pipe is below the service pressure. 

• Limiting existing water outages to existing water users to minimum possible outage time. 

Contractor is required to notify all existing water users when and how long outages will 

occur. 

 

4.0 WORK OF OTHER CONTRACTS – NOT NEEDED 

 

5.0 CLARIFICATIONS REGARDING THE WORK 

 

• The Contractor is advised that the Work includes everything in the Project Manual and on 

the Drawings. 

 

**END OF SECTION**
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SECTION 01014 

 

WORK SEQUENCE 
 

 

PART 1--GENERAL 

 

1.01 CONTINUITY OF SYSTEM OPERATIONS 

 

A. GENERAL: 

 

The existing Lower Greasewood-Dilkon water system serving Dilkon community is 

currently and continuously receiving potable water from Lower Greasewood through Wood 

Chop Tank and Dilkon Pass Booster Pump Station No. 3, and that function shall not be 

interrupted except as specified herein. The Contractor shall coordinate the work to avoid any 

interference with normal operation of water production, disinfection, and storage processes.  

 

 

1.02 SEQUENCE AND SCHEDULE OF CONSTRUCTION 

 

A. General: 

 

1. To permit continuous pumping of water, the construction schedule shall 

provide for the following specific conditions: 

  

a. Installation and modification of various control systems within this 

project will not impact system and not require temporary partial 

shutdown of these systems. Works shall be planned and scheduled in 

advance in order to minimize downtime. 

 

2. To facilitate the required temporary modifications to allow pumping 

operations to continue during construction of the work of this project, the 

Contractor shall coordinate with the Owner and Engineer 

 

B. To permit potable water system operation, the construction schedule required in 

Section 01310 of the Contract Documents shall provide for the following specific 

conditions. 

 

C. Existing Lower Greasewood-Dilkon System. 

 

1. Potable water is produced by existing Lower Greasewood Wells 1, 2, and 3 

(currently offline), and delivered to the Wood Chop Tank. 

 

2. The existing Wood Chop Tank Telemetry PLC provides tank level 

information for start/stop and chlorinator control to the three Wells. 
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3. Potable water is gravity fed from Wood Chop Tank to Dilkon Booster Station 

No. 3 which boosts water to fill Dilkon Pass Tank. 

 

4. The existing Dilkon Pass Tank Telemetry PLC provides tank level 

information for start/stop and chlorinator control to the Dilkon Pass Booster 

Pump Station No. 3. 

 

5. Potable water is distributed to Dilkon community by gravity from Dilkon Pass 

Tank. The distribution of water to Dilkon community shall maintain 

operation. 

 

6. The Contractor shall propose and submit any required pump, tank, piping, 

telemetry, or other process outage plans required. 

 

D. New Booster Pump Station No. 3 

 

1. The Boosterpaq and piping shall be tested, disinfected, and made operational 

prior to modification of the system and telemetry operation. An approval for 

disinfection shall be obtained prior to the disinfection process. 

 

2. The new Booster Pump Station No. 3 Telemetry PLC shall obtain tank level 

information from the existing Dilkon Pass Tank and provide start/stop control 

of the new Booster Pump Station No. 3. 

 

3. The existing Booster Pump Station No. 3 shall remain in operation throughout 

the remainder of the work and decommissioned when the new booster pump 

station is ready for operation. 

 

E. Pressure Reducing Valve Station No. 18 

 

1. The new pressure reducing valve and piping shall be tested, disinfected, and 

made operational prior to modification of system. An approval for disinfection 

shall be obtained prior to the disinfection process. 

 

2. The existing pressure reducing valve station shall remain in operation 

throughout the remainder of the work and decommissioned when the new 

pressure valve station is ready for operation. 

 

F. Check Valve Station 

 

1. The check valve and piping shall be tested, disinfected, and made operational 

prior to modification of the system. An approval for disinfection shall be 

obtained prior to the disinfection process. 
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1.03 SUBMITTALS 

 

 The following submittals shall be provided in accordance with Section 01300: 

 

 A. OUTAGE PLAN: 

 

1. A copy of this specification section, with addendum updates included, and 

all referenced and applicable sections, with addendum updates included, 

with each paragraph check-marked to indicate specification compliance or 

marked to indicate requested deviations from specification requirements.  

Check marks shall denote full compliance with a paragraph as a whole.  If 

deviations from the specifications are indicated, and therefore requested by 

the Contractor, each deviation shall be underlined and denoted by a number 

in the margin to the right of the identified paragraph, referenced to a detailed 

written explanation of the reasons for requesting the deviation.  The 

Construction Manager shall be the final authority for determining 

acceptability of requested deviations.  The remaining portions of the 

paragraph not underlined will signify compliance on the part of the 

Contractor with the specifications.  Failure to include a copy of the marked-

up specification sections, along with justification(s) for any requested 

deviations to the specification requirements, with the submittal shall be 

sufficient cause for rejection of the entire submittal with no further 

consideration. 

 

2. Submit a detailed outage plan and time schedule for operations which will 

make it necessary to remove any facility, piping, well, electrical or control 

circuit, or equipment from service. The schedule shall be coordinated with 

the construction schedule specified in the General Conditions of the 

Contract Documents and shall meet the restrictions and conditions 

specified in this section. The detailed plan shall describe the means and 

methods to maintain potable water system operational and disinfected, the 

length of time required to complete said operation, and the necessary 

personnel and equipment which the Contractor shall provide in order to 

prevent extended duration loss of available potable water. 

 

  

PART 2—PRODUCTS – NOT USED 

 

PART 3—EXECUTION – NOT USED 

 

 

 

**END OF SECTION**
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SECTION 01071 

 

STANDARD REFERENCES 

 

 Wherever used in the project manual, the following abbreviations will have the meanings 

listed: 

 

 AA Aluminum Association Incorporated 

   P.O. Box 753 

   Waldorf, MD  20604 

 AABC Associated Air Balance Council 

   1518 K Street N.W. 

   Washington, DC  20005 

 AAMA American Architectural Manufacturers Association 

   1540 East Dundee Road, Suite 310 

   Palatine, IL  60067 

 AASHTO American Association of State Highway and Transportation Officials 

   444 North Capitol Street, N.W., Suite 249 

   Washington, DC  20001 

 ABMA American Bearing Manufacturers Association 

   1200 19th Street N.W., Suite 300 

   Washington, DC  20036 

 ACI American Concrete Institute 

   22400 West Seven Mile Road 

   P.O. Box 19150, Redford Station 

   Detroit, MI  48219 

 AEIC Association of Edison Illuminating Companies 

   600 North 18th Street 

   P.O. Box 2641 

   Birmingham, AL  35291 

 AGA American Gas Association 

   ATTN:  Records 

   1515 Wilson Boulevard 

   Arlington, VA  22209 

 AGMA American Gear Manufacturer's Association, Inc. 

   1500 King Street, Suite 201 

   Alexandria, VA  22314 

 AHA American Hardboard Association 

   1210 West Northwest Highway 

   Palatine, IL  60067 

 AISC American Institute of Steel Construction 

   One East Wacker Drive, Suite 3100 

   Chicago, IL  60601 



Standard References 

01071-2  

Dilkon Pass Booster 

Contract Issue 

 AISI American Iron and Steel Institute 

   1101 Seventeenth Street, NW, Suite 1300 

   Washington, DC  20036 

 AITC American Institute of Timber Construction 

   7012 South Revere Parkway, Suite 140 

   Englewood, CO  80112 

 ALSC American Lumber Standard Committee 

   P.O. Box 210 

   Germantown, MD  20875 

 AMCA Air Movement and Control Association, Inc. 

   30 West University Drive 

   Arlington Heights, IL  60004 

 ANSI American National Standards Institute 

   11 West 42nd Street, 13th Floor 

   New York, NY  10036 

 APA American Plywood Association 

   7011 South 19th Street 

   Tacoma, WA  98466 

 API American Petroleum Institute 

   1220 "L" Street N.W. 

   Washington, DC  20005 

 ARI Air-Conditioning and Refrigeration Institute 

   4301 North Fairfax Drive, Suite 425 

   Arlington, VA  22203 

 ASCE American Society of Civil Engineers 

   United Engineering Center 

   345 East 47th Street 

   New York, NY  10017 

 ASCII American Standard Code for Information Interchange 

   United States of America Standards Institute  

   10 East 40th Street 

   New York, NY  10016 

 ASE Code  American Standard Safety Code for Elevators, Dumbwaiter and Escalators 

   American National Standards Institute  

   1430 Broadway 

   New York, NY  10018 

 ASHRAE American Society of Heating, Refrigeration and  

  Air Conditioning Engineers, Inc. 

   1791 Tullie Circle, NE 

   Atlanta, GA  30329 

 ASME American Society of Mechanical Engineers 

   345 East 47th Street 

   New York, NY 10017 

 ASTM American Society for Testing and Materials 

   100 Barr Harbor Drive 
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   West Conshohocken, PA  19428 

 AWPA American Wood-Preservers' Association 

   9549 Old Fredrick Road 

   Ellicott City, MD  21042 

    or 

   P.O. Box 286 

   Woodstock, MD  21163-0286 

 AWS American Welding Society 

   550 NW LeJeune Road 

   P.O. Box 351040 

   Miami, FL  33135 

 AWWA American Water Works Association 

   6666 West Quincy Avenue 

   Denver, CO 80235 

 BOCA Building Officials and Code Administrators, International, Inc. 

   4051 West Flossmoor Road 

   Country Club Hills, IL  60478 

 CALTEST Materials Manual, State of California, Business and Transportation Agency 

   Department of Public Works 

    State of California, Department of Transportation  

   6002 Folsom Boulevard 

   Sacramento, CA  95819 

 CALTRANS Standard Specifications, State of California, Department of Transportation 

   State of California, Business and Transportation Agency 

   P.O. Box 1499 

   Sacramento, CA  95807 

 CBM Certified Ballast Manufacturers 

   2120 Keith Building 

   Cleveland, OH  44115 

  CMAA Crane Manufacturers Association of America, Inc. 

  (Formerly called:  Overhead Electrical Crane Institute) (OECI) 

   8720 Red Oak Boulevard, Suite 201 

   Charlotte, NC  28217 

 CRSI Concrete Reinforcing Steel Institute 

   933 N Plum Grove Road 

   Schaumburg, IL  60173 

 CSA Canadian Standards Association 

   178 Rexdale Boulevard 

   Rexdale, Ontario, M9W IR3, Canada 

 DEMA  Diesel Engine Manufacturer's Association 

   30200 Detroit Road 

   Cleveland, OH  44145 

 DHI Door and Hardware Institute 

   14170 Newbrook Drive 

   Chantilly, VA  22021 
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 DIS Division of Industrial Safety 

   California Department of Industrial Relations  

   2422 Arden Way 

   Sacramento, CA  95825 

 EEI Edison Electric Institute 

   90 Park Avenue 

   New York, NY  10016 

 EIA Electronic Industries Association 

   Order from: 

   Global Engineering Documents 

   18201 McDurmott West 

   Irvine, CA  92714 

 EJMA Expansion Joint Manufacturers Association 

   25 North Broadway 

   Tarrytown, NY  10591 

 ESO Electrical Safety Orders 

   California Administrative Code, Title 8, Chap. 4, Subarticle 5 

   Office of Procurement, Publications Section  

   P.O. Box 20191 

   8141 Elder Creek Road 

   Sacramento, CA  95820 

 FEDSPEC  Federal Specifications 

   General Services Administration 

   Specification and Consumer Information  

   Distribution Branch 

   Washington Navy Yard, Bldg. 197  

   Washington, DC  20407 

 FEDSTDS  Federal Standards 

   (see FEDSPECS) 

 FM Factory Mutual Engineering and Research Corporation 

   1151 Boston-Providence Turnpike  

   P.O. Box 9102 

   Norwood, MA  02062 

 HEI Heat Exchange Institute 

   1300 Sumner Avenue 

   Cleveland, OH  44115 

 HI Hydraulic Institute 

   9 Sylvan Way, Suite 180 

   Parsippany, NJ  07054 

 HPVA Hardwood Plywood & Veneer Association 

   1825 Michael Faraday Drive 

   P.O. Box 2789 

   Reston, VA  22090-2789 

 IAPMO International Association of Plumbing and Mechanical Officials 

   20001 Walnut Drive S 
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   Walnut, CA  91789 

 ICBO International Conference of Building Officials 

   5360 Workman Mill Road 

   Whittier, CA  90601 

 ICEA Insulated Cable Engineers Association 

   P.O. Box 440 

   South Yarmouth, MA  02664 

 IEEE Institute of Electrical and Electronics Engineers 

   445 Hoes Lane 

   P.O. Box 1331 

   Piscataway, NJ  08855 

 IES Illuminating Engineering Society of North America 

   120 Wall Street 

   New York, NY  10017 

 ISA Instrument Society of America 

   67 Alexander Drive 

   P.O. Box 12277 

   Research Triangle Park, NC  27709 

 JIC Joint Industrial Council 

   7901 West Park Drive 

   McLean, VA  22101 

 MFMA Metal Framing Manufacturers Association 

   401 N. Michigan Avenue 

   Chicago, IL  60611 

 MILSPEC  Military Specifications 

   Naval Publications and Forms Center  

   5801 Tabor Avenue 

   Philadelphia, PA  19120 

 MSS Manufacturers Standardization Society of the Valve & Fittings Industry, Inc. 

   127 Park Street, N.E. 

   Vienna, VA  22180 

 NAAMM National Association of Architectural Metal Manufacturers 

   11 South La Salle Street, Suite 1400 

   Chicago, IL  60603 

 NACE National Association of Corrosion Engineers 

   1440 South Creek Drive 

   Houston, TX  77084 

 NBC National Building Code 

   Published by BOCA 

 NEC National Electric Code 

   National Fire Protection Association  

   One Batterymarch Park 

   P.O. Box 9101 

   Quincy, MA  02269 

 NELMA Northeastern Lumber Manufacturers Association, Inc. 
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   P.O. Box 87A 

   Cumberland Center, ME  04021 

 NEMA National Electrical Manufacturer's Association 

   2101 L Street, NW, Suite 300 

   Washington, DC  20037 

 NESC National Electric Safety Code 

   American National Standards Institute  

   1430 Broadway 

   New York, NY  10018 

 NFOR National Forest Products Association 

  (Formerly National Lumber Manufacturer's Association) 

   1111 19 Street NW, Suite 700   

   Washington, DC  20036 

 NFPA National Fire Protection Association 

   One Batterymarch Park 

   P.O. Box 9101 

   Quincy, MA  02269 

 NHLA National Hardwood Lumber Association 

   6830 Raleigh LaGrange 

   P.O. Box 34518 

   Memphis, TN  38184-0518 

 NSF National Sanitation Foundation 

   3475 Plymouth Road 

   P.O. Box 130140 

   Ann Arbor, MI  48113 

 OSHA Occupational Safety and Health Act 

   U.S. Department of Labor 

   Occupational and Health Administration  

   San Francisco Regional Office 

   450 Golden Gate Avenue, Box 36017  

   San Francisco, CA  94102 

 PCI Precast/Prestressed Concrete Institute 

   175 West Jackson Blvd., Suite 1859 

   Chicago, IL  60604 

 PPIC The Plumbing & Piping Industry Council, Inc. 

   510 Shatto Place, Suite 402 

   Los Angeles, CA  90020 

 RIS Redwood Inspection Service 

   California Redwood Association 

   405 Enfrente Dr., Suite 200 

   Novato, CA  94949 

 RMA Rubber Manufacturers Association 

   1400 K Street NW, Suite 900 

   Washington, DC  20005 

 SAE Society of Automotive Engineers, Inc. 
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   400 Commonwealth Drive 

     Warrendale, PA  15096 

 SAMA Scientific Apparatus Makers Association 

     One Thomas Circle 

     Washington, DC  20005 

 SBC Standard Building Code 

   Published by SBCCI 

 SBCCI Southern Building Code Congress International Inc. 

   900 Montclair Road 

     Birmingham, AL  35213 

 SCMA Southern Cypress Manufacturers Association 

   400 Penn Center Boulevard, Suite 530 

   Pittsburg, PA  15235 

 SDI Steel Door Institute 

   30200 Detroit Road 

   Cleveland, OH  44145 

 SMACNA Sheet Metal and Air Conditioning Contractors National Association, Inc. 

   P.O. Box 221230 

   Chantilly, VA  22021 

 SPI Society of the Plastics Industry, Inc. 

   1275 K Street NW, Suite 400 

   Washington, DC  20005 

 SPIB Southern Pine Inspection Bureau 

   4709 Scenic Highway 

   Pensacola, FL  32504 

 SSPC Society for Protective Coatings 

   40 24th Street, 6th Floor 

   Pittsburgh, PA  15222 

 SSPWC Standard Specifications for Public Works Construction 

     Building News, Inc. 

     3055 Overland Avenue 

     Los Angeles, CA  90034 

 TEMA Tubular Exchanger Manufacturer's Association 

   25 North Broadway 

     Tarrytown, NY  10591 

 TPI Truss Plate Institute 

   583 D'Onofrio Drive, Suite 200 

   Madison, WI  53719 

 UBC Uniform Building Code 

     Published by ICBO 

 UL Underwriters Laboratories Inc. 

     333 Pfingsten Road 

     Northbrook, IL  60062 

 UMC Uniform Mechanical Code 

    Published by ICBO 
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 UPC Uniform Plumbing Code 

     Published by IAPMO 

 USBR Bureau of Reclamation 

     U.S. Department of Interior 

    Engineering and Research Center 

     Denver Federal Center, Building 67 

     Denver, CO  80225 

 WCLIB West Coast Lumber Inspection Bureau 

   6980 SW Varns St. 

   P.O. Box 23145 

   Portland, OR  97223 

 WWPA Western Wood Products Association 

  (Formerly called:  West Coast Lumbermen's Association (WCLA)) 

     Yeon Building 

   522 SW 5th Avenue 

     Portland, OR  97204 

 

 

**END OF SECTION** 
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SECTION 01200 

 

PROJECT MEETINGS 

 

 

1.0   PRECONSTRUCTION CONFERENCE 

 

 The Construction Manager will schedule and conduct one preconstruction conference prior 

to the commencement of any work at the site, to which all interested agencies and utility companies 

will be invited to discuss their interests and requirements relating to the project.  Contractor and all 

subcontractor representatives shall attend. 

 

 

2.0   CONSTRUCTION PERIOD MEETINGS 

 

 Construction period meetings will be conducted at weekly intervals or at some other 

frequency if approved by the Contractor and Construction Manager.  These meetings shall be 

attended by the Construction Manager and the Contractor's Project Manager and any others that are 

invited by these people. 

 

 The agenda of these project meetings will include reports on construction progress, the 

status of submittal reviews, the status of information requests, and any general business.  The 

meetings will be conducted by the Construction Manager.  Construction Manager shall keep 

minutes of the proceedings.  The minutes shall be typed and distributed to all attendees within 48 

hours of each meeting. 

 

 

**END OF SECTION**
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SECTION 01300 

 

SUBMITTALS 

 

 

1.0 GENERAL 

 

Submittals covered by these requirements include manufacturers' information, shop 

drawings, test procedures, test results, samples, requests for substitutions, and miscellaneous work-

related submittals.  Submittals shall also include, but not be limited to, all mechanical, electrical and 

electronic equipment and systems, materials, reinforcing steel, fabricated items, and piping and 

conduit details.  The Contractor shall furnish all drawings, specifications, descriptive data, 

certificates, samples, tests, methods, schedules, and manufacturer's installation and other instruc-

tions as specifically required in the contract documents to demonstrate fully that the materials and 

equipment to be furnished and the methods of work comply with the provisions and intent of the 

contract documents. 

 

2.0 CONTRACTOR'S RESPONSIBILITIES 

 

A. GENERAL 

 

The Contractor shall be responsible for the accuracy and completeness of the information 

contained in each submittal and shall assure that the material, equipment or method of work shall be 

as described in the submittal.  The Contractor shall verify that all features of all products conform to 

the specified requirements. Submittal documents shall be clearly edited to indicate only those items, 

models, or series of equipment, which are being submitted for review.  All extraneous materials 

shall be crossed out or otherwise obliterated.  The Contractor shall ensure that there is no conflict 

with other submittals and notify the Construction Manager in each case where his submittal may 

affect the work of another contractor or the Owner.  The Contractor shall coordinate submittals 

among his subcontractors and suppliers including those submittals complying with unit respons-

ibility requirements specified in paragraph 11000-1.02 C and applicable technical sections. 

 

The Contractor shall coordinate submittals with the work so that work will not be delayed.  

He shall coordinate and schedule different categories of submittals, so that one will not be delayed 

for lack of coordination with another.  No extension of time will be allowed because of failure to 

properly schedule submittals.  The Contractor shall not proceed with work related to a submittal 

until the submittal process is complete.  This requires that submittals for review and comment shall 

be returned to the Contractor stamped "No Exceptions Taken" or "Make Corrections Noted." 

 

The Contractor shall certify on each submittal document that he has reviewed the submittal, 

verified field conditions, and complied with the contract documents. 

 

The Contractor may authorize in writing a material or equipment supplier to deal directly 

with the Construction Manager or with the Owner with regard to a submittal.  These dealings shall 

be limited to contract interpretations to clarify and expedite the work. 
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3.0 CATEGORIES OF SUBMITTALS 

 

A. GENERAL: 

 

 Submittals fall into two general categories; submittals for review and comment, and 

submittals which are primarily for information only.  Submittals which are for information only are 

generally specified as PRODUCT DATA in Part 2 of applicable specification sections. 

 

At the beginning of work, the Construction Manager will furnish the Contractor lists of 

those submittals specified in the project manual.  Two separate lists will be provided:  submittals for 

review and comment and product data (submittals) for information only. 

 

B. SUBMITTALS FOR REVIEW AND COMMENT: 

 

All submittals except where specified to be submitted as product data for information only 

shall be submitted by the Contractor to the Construction Manager for review and comment. 

 

C. SUBMITTALS (PRODUCT DATA) FOR INFORMATION ONLY: 

 

Where specified, the Contractor shall furnish submittals (product data) to the Construction 

Manager for Information only.  Submittal requirements for operation and maintenance manuals, 

which are included in this category, are specified in Section 01730. 

 

4.0 TRANSMITTAL PROCEDURE 

 

A. GENERAL: 

 

Unless otherwise specified, submittals regarding material and equipment shall be accompa-

nied by Transmittal Form 01300-A specified in Section 01999.  Submittals for operation and 

maintenance manuals, information and data shall be accompanied by Transmittal Form 01730-A 

specified in Section 01999.  A separate form shall be used for each specific item, class of material, 

equipment, and items specified in separate, discrete sections, for which the submittal is required.  

Submittal documents common to more than one piece of equipment shall be identified with all the 

appropriate equipment numbers.  Submittals for various items shall be made with a single form 

when the items taken together constitute a manufacturer's package or are so functionally related that 

expediency indicates checking or review of the group or package as a whole. 

 

A unique number, sequentially assigned, shall be noted on the transmittal form 

accompanying each item submitted.  Original submittal numbers shall have the following format:  

"XXX"; where "XXX" is the sequential number assigned by the Contractor.  Resubmittals shall 

have the following format:  "XXX-Y"; where "XXX" is the originally assigned submittal number 

and "Y" is a sequential letter assigned for resubmittals, i.e., A, B, or C being the 1st, 2nd, and 3rd 

resubmittals, respectively.  Submittal 25B, for example, is the second resubmittal of submittal 25. 
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B. DEVIATION FROM CONTRACT: 

 

If the Contractor proposes to provide material, equipment, or method of work which 

deviates from the project manual, he shall indicate so under "deviations" on the transmittal form 

accompanying the submittal copies. 

 

C. SUBMITTAL COMPLETENESS: 

 

Submittals which do not have all the information required to be submitted, including 

deviations, are not acceptable and will be returned without review. 

 

5.0 REVIEW PROCEDURE 

 

A. GENERAL: 

 

Submittals are specified for those features and characteristics of materials, equipment, and 

methods of operation which can be selected based on the Contractor's judgment of their 

conformance to the specified requirements.  Other features and characteristics are specified in a 

manner which enables the Contractor to determine acceptable options without submittals.  The 

review procedure is based on the Contractor's guarantee that all features and characteristics not 

requiring submittals conform as specified.  Review shall not extend to means, methods, techniques, 

sequences or procedures of construction, or to verifying quantities, dimensions, weights or gages, or 

fabrication processes (except where specifically indicated or required by the project manual) or to 

safety precautions or programs incident thereto.  Review of a separate item, as such, will not 

indicate approval of the assembly in which the item functions. 

 

When the contract documents require a submittal, the Contractor shall submit the specified 

information as follows: 

 

1. Unless otherwise specified, (4) hard copies and one (1) electronic copy in 

Adobe “.pdf” format of all submitted information. Consolidate electronic 

format submittals with multiple pages into a single file. Include an electronic 

submittal transmittal form 01300-A as the first page in the electronic file. 

 

2. 2. Unless otherwise specified, one (1) electronic copy in Adobe “.pdf” 

format of all submitted information shall be transmitted for submittals 

(Product Data) for information only.  

 

3.  Organize submittals in exactly the same order as the items are referenced, 

listed, and/or organized in the specification section.  

 

4.  For submittals that cover multiple devices used in different areas under the 

same specification section, the submittal for the individual devices must list 

the area where the device is used.  
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5.  Where required, three (3) samples of submitted information shall be 

provided to the Construction Manager.  Samples will not be returned. 

Provide samples from manufacturer’s standard colors, materials, products, or 

equipment lines. Clearly label samples to indicate any that represent non 

standard colors, materials, products, or equipment lines and that if selected, 

will require an increase in Contract Time or Contract Price.  

 

6.  If requested by Engineer, Contractor shall provide hardcopies of any 

submittals or shop drawings. 

 

B. SUBMITTALS FOR REVIEW AND COMMENT: 

 

Unless otherwise specified, within 10 working days after receipt of a submittal for review 

and comment, the Construction Manager shall review the submittal and return 1 electronic copy of 

the marked-up reproducible original noted in 1 above.  Thirty (30) calendar days shall be allowed 

for review and response to shop drawings pertaining to the Well, Storage Tank and Pipeline. The 

reproducible original will be retained by the Construction Manager.  The returned submittal shall 

indicate one of the following actions: 

 

1. If the review indicates that the material, equipment or work method complies 

with the project manual, submittal copies will be marked "NO 

EXCEPTIONS TAKEN."  In this event, the Contractor may begin to 

implement the work method or incorporate the material or equipment 

covered by the submittal. 

 

2. If the review indicates limited corrections are required, copies will be 

marked "MAKE CORRECTIONS NOTED."  The Contractor may begin 

implementing the work method or incorporating the material and equipment 

covered by the submittal in accordance with the noted corrections.  Where 

submittal information will be incorporated in O&M data, a corrected copy 

shall be provided. 

 

3. If the review reveals that the submittal is insufficient or contains incorrect 

data, copies will be marked "AMEND AND RESUBMIT." Except at his 

own risk, the Contractor shall not undertake work covered by this submittal 

until it has been revised, resubmitted and returned marked either "NO 

EXCEPTIONS TAKEN" or "MAKE CORRECTIONS NOTED." 

 

4. If the review indicates that the material, equipment, or work method does not 

comply with the project manual, copies of the submittal will be marked 

"REJECTED - SEE REMARKS." Submittals with deviations which have 

not been identified clearly may be rejected.  Except at his own risk, the 

Contractor shall not undertake the work covered by such submittals until a 

new submittal is made and returned marked either "NO EXCEPTIONS 

TAKEN" or "MAKE CORRECTIONS NOTED." 
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C. SUBMITTALS (PRODUCT DATA) FOR INFORMATION ONLY: 

 

Such information is not subject to submittal review procedures and shall be provided as part 

of the work under this contract and its acceptability determined under normal inspection procedures. 

 

6.0 EFFECT OF REVIEW OF CONTRACTOR'S SUBMITTALS 

 

Review of contract drawings, methods of work, or information regarding materials or 

equipment the Contractor proposes to provide, shall not relieve the Contractor of his responsibility 

for errors therein and shall not be regarded as an assumption of risks or liability by the Construction 

Manager or the Owner, or by any officer or employee thereof, and the Contractor shall have no 

claim under the contract on account of the failure, or partial failure, of the method of work, material, 

or equipment so reviewed.  A mark of "NO EXCEPTIONS TAKEN" or "MAKE CORRECTIONS 

NOTED" shall mean that the Owner has no objection to the Contractor, upon his own responsibility, 

using the plan or method of work proposed, or providing the materials or equipment proposed. 

 

 

**END OF SECTION**
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SECTION 01310 

 

CONSTRUCTION SCHEDULE 

 

1.0 SCOPE  

 

This section specifies reports and schedules for planning and monitoring the progress of the 

work. 

 

2.0 DESCRIPTION 

 

The Contractor shall provide a graphic construction schedule indicating the various 

subdivisions of the work and the dates of commencing and finishing each.  The schedule shall show 

the time allowed for testing and for other procedures which must be completed prior to the work 

being put into operation.  The schedule will take into account the time of completion. 

 

3.0 SUBMITTAL PROCEDURES 

 

Within 20 days after the date of the Notice to Proceed, the Contractor shall submit in 

accordance with Section 01300, a construction schedule conforming to paragraph 01310-2.0.  The 

submittal shall consist of a reproducible original and two copies. 

 

Within 7 calendar days after receipt of the submittal, the Construction Manager shall review 

the submitted schedule and return one copy of the marked up original to the Contractor.  If the 

Construction Manager finds that the submitted schedule does not comply with specified require-

ments, the corrective revisions will be noted on the submittal copy returned to the Contractor. 

 

4.0 SCHEDULE REVISIONS 

 

Revisions to the accepted construction schedule may be made only with the written approval 

of the Contractor and Owner.  A change affecting the contract value of any activity, the completion 

time, and specific dates and sequencing may be made only in accordance with OWNER approval. 

 

5.0 PROJECT STATUS UPDATE 

 

Project status review and update shall be provided each month. 

 

 

**END OF SECTION** 
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SECTION 01400 

 

QUALITY ASSURANCE, INSPECTION, AND TESTING 

 

 

PART 1  GENERAL 

 

1.01 SUMMARY 

 

This section specifies administrative and procedural requirements for quality assurance 

and control services, special inspections, field testing and structural observations required for this 

project.  This Section is supplementary to the applicable testing and inspection program in the 

Contract, and describes the responsibilities of all parties pertaining to testing and inspections. 

 

This section covers requirements for quality assurance and inspection required in 

accordance with the latest version of the International Building Code and is in addition to and 

supplements the quality assurance requirements contained on the Contract Drawings. 

 

The Contractor is responsible for providing quality workmanship and materials for the 

construction of this project in accordance with the Contract Documents. 

 

The Owner will provide a Special Inspector for specified building inspection.  The 

Special Inspector shall be qualified to the satisfaction of the Building Official in accordance with 

Chapter 17 of the International Building Code. The Special Inspector shall be acceptable to the 

Owner in its sole discretion. 

 

1.02 DEFINITIONS 

 

A. Approved Agency:  An agency approved by the Building Official to engage in 

furnishing testing or inspection services. 

 

B. Certificate of Compliance: A certificate stating that materials and products meet 

specified standards or that work was performed in compliance with approved 

construction documents.   

 

C. Registered Design Professional in Responsible Charge: An architect or engineer, 

licensed to practice in the State of Arizona, acting as the Owner’s agent. 

 

D. Resident Project Representative: The authorized representative of Engineer 

assigned to assist Engineer at the Site. As used herein, the term Resident Project 

Representative or “RPR” includes any assistants or field staff of Resident Project 

Representative. The term “Construction Manager,” as used in this and other 

technical specifications, refers to the Resident Project Representative. 
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E. Special Inspection: Inspection of materials, installation, fabrication, erection or 

placement of components and connections requiring special expertise to ensure 

compliance with approved construction documents and referenced standards.   

 

F. Special Inspection, Continuous: The full-time observation of work requiring 

special inspection by an approved Special Inspector who is present in the area 

where the work is being performed.   

G. Special Inspection, Periodic: The part-time or intermittent observation of work 

requiring special inspection by an approved Special Inspector who is present in 

the area where the work is being performed and at the completion of the work.  

 

H. Special Inspector: A qualified person who has demonstrated competence, to the 

satisfaction of the Building Official, to perform inspection of the construction or 

operation requiring special inspection.    

 

I. Statement of Special Inspections: The quality assurance plan contained on the 

contract drawings establishing the systems and components subject to special 

inspection and testing, as well as the frequency of testing and extent and duration 

of the special inspection.  

 

J. Structural Observation: The visual observation of the structural system by a 

registered design professional for general conformance to the approved 

construction documents at significant construction stages and at completion of the 

structural system.    

 

1.03 REFERENCES 

 

This section contains references to the following documents.  They are a part of this 

section as specified and modified.  Where a referenced document contains references to other 

standards, those documents are included as references under this section as if referenced directly.  

In the event of conflict between the requirements of this section and those of the listed 

documents, the requirements of this section shall prevail. 

 

References to documents shall mean the documents in effect at the time of Advertisement 

for Bids or Invitation to Bid (or on the effective date of the Agreement if there were no Bids).  If 

referenced documents have been discontinued by the issuing organization, references to those 

documents shall mean the replacement documents issued or otherwise identified by that 

organization, or if there are no replacement documents, the last version of the document before it 

was discontinued.  Where document dates are given in the following listing, references to those 

documents shall mean the specific document version associated with that date, regardless of 

whether the document has been superseded by a version with a later date, discontinued, or 

replaced. 
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Reference Title 

ASCE 7-10 Minimum Design Loads for Buildings and Other Structures 

ASTM C1093 Practice for Accreditation of Testing Agencies for Unit Masonry 

ASTM E329 Practice for Use in Evaluation of Inspection and Testing Agencies 

as Used in Construction 

AWS D1.1 Structural Welding Code – Steel 

AWS D1.2 Structural Welding Code – Aluminum 

AWS D1.3 Structural Welding Code – Sheet Steel 

AWS D1.4 Structural Welding Code – Reinforcing Steel 

AWS D1.6 Structural Welding Code – Stainless Steel 

AWS QC 1 Standard for AWS Certification of Welding Inspectors 

IBC  International Building Code with local amendments 

ICC-ES International Code Council – Evaluation Service Reports and 

Legacy Reports 

 

1.04 SUBMITTALS 

 

The following information shall be provided in accordance with Section 01300: 

 

1. Fabricator Approval: Certification showing that fabricator is registered 

and approved to perform shop fabrication without special inspection. 

 

2. Certificates of Compliance: Certificates of compliance shall be submitted 

stating that materials and products meet specified standards. 

 

3. Contractor Statement: Prior to start of construction, Contractor shall 

submit statement of responsibility containing the following:  

 

a. Acknowledgement of awareness of special inspection 

requirements. 

b. Acknowledgement that control will be exercised to obtain 

conformance with documents approved by the Building Official. 

c. Procedures for exercising control within the Contractor’s 

organization. 

d. Identification and qualifications of persons exercising control. 

 

4. Testing Laboratory Qualifications:  Prior to start of construction, submit 

latest inspection report of testing laboratory facilities indicating current 

accreditation by the accreditation authority. 
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1.05 STRUCTURAL OBSERVATION 

 

A licensed engineer acting as the Owner’s agent shall make visual inspections of the 

work to assess general conformance with the Contract Documents at significant construction 

stages and at completion of the structural system.   

 

The following structural milestones shall be considered significant construction stages: 

 

1. Structural fill.  

2. Foundations prepared for concrete placement. 

3. Preparation of masonry walls with reinforcing in place prior to placement 

of grout. 

4. Completion of masonry bearing walls. 

5. Steel roof framing, prior to cover-up with non-structural elements. 

6. Completion of lateral force resisting elements including diaphragms, shear 

walls, and other elements. 

7. Completion of structural system after all significant architectural, 

mechanical, plumbing, heating/ventilation equipment, electrical, and finish 

elements are installed. 

1.06 INSPECTION AND TESTING 

 

The Construction Manager/Resident Project Representative may throughout the duration 

of construction, inspect construction and require the Contractor to test materials to assure 

Contractor conformance with these specifications.  Special inspections and associated testing, as 

shown on the drawings, will also be performed by approved Special Inspectors for compliance 

with the IBC.  This testing will be in addition to that otherwise required of the Contractor in this 

and other specification sections. 

 

1.07 COSTS 

 

A.        Paid by the Owner: 

 1.        Electrical and component testing and certification. 

B. Paid by the Contractor: 

1. Testing to demonstrate and document conformance with the Contract 

Documents and applicable permits and codes, with the exception of 

Special Inspections and associated testing for compliance with IBC, 

Chapter 17 as identified in paragraph 1.07A above. 
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2. Retesting and re-inspections required due to defective work. 

3. Testing performed for the convenience of the Contractor. 

1.08 CONTRACTOR’S RESPONSIBILITIES 

 

Contractor shall cooperate with testing personnel.  Contractor shall provide access to the 

work and supplier’s operations. 

 

Contractor shall deliver adequate samples of materials proposed to be used and which 

require testing to the Testing Laboratory or as otherwise directed by the Construction 

Manager/Resident Project Representative. 

 

Contractor shall furnish casual labor and facilities, including but not limited to obtaining 

and handling samples, repairing of test areas to match original conditions, storage and curing of 

samples, etc. 

 

Contractor shall provide all testing required to demonstrate compliance with the Contract 

Documents as well as all special inspections.  Additional testing requirements are specified in the 

technical specification sections. 

 

For all Contractor-required testing, the Contractor shall provide the services of an 

independent testing laboratory which complies with the requirements of ASTM E329. 

 

1.09 SPECIAL INSPECTOR’S RESPONSIBILITIES 

 

Special Inspector shall keep records of inspections. 

 

Special Inspector shall provide inspection reports to the Construction Manager. 

 

Special Inspector shall provide a final report documenting special inspections and 

correction of any discrepancies noted in the inspections to the Construction Manager and 

Building Official. 

 

Special Inspector shall attend pre-construction conferences and construction progress 

meetings if requested by the Construction Manager. 

 

1.10 APPROVED AGENCY’S RESPONSIBILITIES 

 

The Approved Agency shall employ personnel experienced and trained to perform the 

types of tests or inspections required for this project. 

 

The Approved Agency personnel performing testing of welds shall be certified in 

accordance with AWS QC 1. 
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1.11 SPECIAL INSPECTION AND TESTING REPORTS 

 

A. REPORT CONTENTS:   

 

At a minimum, Special Inspection and Testing Reports shall include the following: 

1. Project name and date of report. 

2. Testing laboratory name, address, telephone number, name of laboratory 

field sampling personnel, and name of lab testing personnel, as applicable. 

3. Date, time, and location of sampling, testing, and inspecting. 

4. Ambient temperature and weather conditions at the site or shop and curing 

conditions of samples. 

5. Product identification and referenced specification section number. 

6. Type of sample, test, and inspection and industry standard for sampling 

and testing. 

7. Results of sample, test, and inspection. 

8. Evaluation of compliance with requirements in Contract Documents. 

B. DISTRIBUTION OF REPORTS:   

 

Test and Inspection reports shall be submitted to the Construction Manager and 

distributed by the Testing Laboratory as directed by the Construction Manager.  Draft field test 

and inspection reports shall be submitted to the Construction Manager prior to the Special 

Inspector departing the project site.  Final test and inspection reports shall be submitted not more 

than three days after completion of required tests and inspections.  Inspection reports shall be 

submitted immediately to the Construction Manager if deficiencies or significant irregularities 

are noted.  Provide two legible reproducible copies of all draft field reports and one copy of all 

final reports. 

 

 

 

PART 2  PRODUCTS 

 

 NOT USED. 

 

 

PART 3  EXECUTION  

 

3.01 GENERAL: 
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The Contractor shall furnish access to the Work as required for special inspections, 

testing and structural observations. 

 

The Contractor shall notify the Construction Manager in advance of required special 

inspections and structural observation no later than 3 days prior to the date of the inspection. 

 

Contractor shall correct defective work at no additional cost to the Owner.  

 

Structural observation will be performed by a registered professional engineer. 

 

3.02 TESTING 

 

Component and attachment testing shall be required of component manufacturers for 

mechanical and electrical components subject to special inspections for seismic resistance.  The 

Contractor shall submit a certificate of compliance prepared by the component manufacturer. 

 

Certificates of Compliance shall include the manufacturer’s name and address; applicable 

Drawing and Detail number, products, units and assemblies, and system equipment 

identification. 

 

 

**END OF SECTION**
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SECTION 01410 

TESTING LABORATORY AND SPECIAL INSPECTION SERVICES 

PART 1-- GENERAL 

1.01 DESCRIPTION 

A. This Section specifies Quality Control testing and reporting performed by the 

Testing Laboratory and Special Inspector. The CONTRACTOR shall select a 

qualified Testing Laboratory and contract for the services specified herein. Such 

an arrangement does not relieve the Contractor from their responsibility to 

provide the completed project as specified, and to perform Quality Assurance 

according to the QCS as reviewed and accepted. 

1.02 REFERENCES 

A. This section contains references to the following documents. They are a part of 

this section as specified and modified. Where a referenced document contains 

references to other standards, those documents are included as references under 

this section as if referenced directly. In the event of conflict between the 

requirements of this section and those of the listed documents, the requirements of 

this section shall prevail. 

B. Unless otherwise specified, references to documents shall mean the documents in 

effect at the time of Advertisement for Bids or Invitation to Bid (or on the 

effective date of the Agreement if there were no Bids). If referenced documents 

have been discontinued by the issuing organization, references to those 

documents shall mean the replacement documents issued or otherwise identified 

by that organization or, if there are no replacement documents, the last version of 

the document before it was discontinued. Where document dates are given in the 

following listing, references to those documents shall mean the specific document 

version associated with that date, regardless of whether the document has been 

superseded by a version with a later date, discontinued or replaced. 
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Reference Title 

ASTM A880 Criteria for Use in Evaluation of Testing Laboratories and Organizations 

for Examination and Inspection of Steel, Stainless Steel, and Related 

Alloys 

ASTM C802 Conducting an Inter-laboratory Test Program to Determine the Precision of 

Test Methods for Construction Materials 

ASTM C1021 Laboratories Engaged in the Testing of Building Sealants 

ASTM C1077  Laboratories Testing Concrete and Concrete Aggregates for Use in 

Construction and Criteria for Laboratory Evaluation 

ASTM C1093 Accreditation of Testing Agencies for Unit Masonry 

ASTM D3666 Specification for Minimum Requirements for Agencies Testing and 

Inspecting Road and Paving Materials 

ASTM D3740 Minimum Requirements for Agencies Engaged in the Testing and/or 

Inspection of Soil and Rock as Used in Engineering Design and 

Construction 

ASTM D4561 Quality Control Systems for Organizations Producing and Applying 

Bituminous Paving Materials 

ASTM E4 Force Verification of Testing Machines 

ASTM E329 Agencies Engaged in the Testing and/or Inspection of Materials Used in 

Construction 

ASTM E543 Agencies Performing Nondestructive Testing 

ASTM E994 Calibration and Testing Laboratory Accreditation Systems General 

Requirements for Operation and Recognition. 

IBC  International Building Code with local amendments 

 

1.03              LABORATORY FOR TESTING QUALIFICATIONS 

A. Testing Laboratory shall satisfy the following qualifications: 

1. Recommended Requirements for Independent Laboratory Qualification, 

published by American Council of Independent Laboratories.  

2. Conform to the requirements of ASTM E329 in particular, and other 

reference standards as generally pertain to this project.  

3. Authorized to operate in the State of Arizona, with personnel and 

equipment based sufficiently close to the project to allow short-notice site 

access for sampling and testing.  

4. Acceptable to OWNER, Construction Manager, and local building 

authorities.  
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1.04       TESTING LABORATORY RESPONSIBILITIES 

A. Testing Laboratory shall provide qualified personnel at the site and cooperate 

with Construction Manager and Contractor in performance of the following 

services:  

1. Perform specified independent inspection, sampling, and testing of 

products in accordance with specified standards, to determine compliance 

with requirements of Contract Documents.  

2. Provide sampling equipment and personnel, deliver samples to the testing 

laboratory, record field measurements, and cure samples as required by 

Contract Documents.  

3. Timely prepare and deliver reports summarizing results of tests and 

inspections.  

4. Attend pre-construction conferences and, if requested, a limited number of 

progress meetings where Quality Control, testing, and inspection issues 

require discussion.  

5. When directed by the Construction Manager or requested by the 

Contractor, provide special and additional tests and inspections to verify 

material compliance with requirements of Contract Documents. 

a. Contractor shall pay for additional tests and inspections where 

work fails to comply with Contract Document requirements (re-

inspection) and for costs associated with cancelled or short-notice 

re-scheduling of requested sampling, testing, and inspection. 

Testing Laboratory work requested by Contractor to fulfill 

submittal requirements shall also be considered additional tests. 

1.05   SPECIAL INSPECTOR’S RESPONSIBILITIES – SEE SECTION 01400. 

1.06 CONTRACTOR RESPONSIBLITIES 

A. Contractor shall deliver adequate samples of materials proposed to be used and 

which require testing by the Testing Laboratory. Contractor shall coordinate and 

cooperate with the Testing Laboratory personnel and provide access to the work 

and to manufacturer’s facilities. Contractor shall provide incidental labor and 

facilities to provide access to work to be tested, to obtain and handle samples at 

the site or at source of products to be tested, to facilitate tests and inspections, 

storage and curing of test samples.  
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B. Contractor shall notify Construction Manager 24 hours prior to expected time for 

operations requiring inspection, sampling and testing services unless otherwise 

noted. 

1.07 TEST AND INSPECTION REPORTS 

A. REPORT CONTENTS 

At a minimum, Test and Inspection Reports shall include the following:  

1. Project name and date of report. 

2. Testing Laboratory name, address, telephone number, name of laboratory 

field sampling personnel, and name lab testing personnel, as applicable.  

3. Date, time, and location of sampling, testing, and inspecting.  

4. Ambient temperature and weather conditions at the site or shop and curing 

conditions of samples.  

5. Product identification and referenced specification Section number.  

6. Type of sample, test, and inspection and industry standard for sampling 

and testing.  

7. Results of sample, test, and inspection.  

8. Evaluation of compliance with requirements in Contract Documents. 

9. Certified Inspection Reports shall specifically indicate the qualification of 

the inspector to render judgment and certify said inspection.  

10. When requested by Construction Manager, interpretation of test results.  

B. DISTRIBUTION OF TEST AND INSPECTION REPORTS 

1. Test and Inspection reports shall be submitted to the Construction 

Manager for distribution as Product Data described in Section 01300. Test 

reports shall be submitted not more than two days after completion of 

required tests. Inspection reports shall be submitted immediately if 

deficiencies or significant irregularities are noted, and in no case less than 

two working days after said inspection. Provide electronic copies of all 

reports. 

1.08  SUBMITTALS 

A. The following information shall be provided in accordance with Section 01300: 



Testing Laboratory and Special Inspection Services 

 01410-5 

Dilkon Pass Booster 

 Contract Issue 

1. A copy of this specification section, with addendum updates included, and 

all referenced and applicable sections, with addendum updates included, 

with each paragraph check-marked to indicate specification compliance or 

marked to indicate requested deviations from specification requirements. 

Check marks (✓) shall denote full compliance with a paragraph as a 

whole. If deviations from the specifications are indicated, and therefore 

requested by the Contractor, each deviation shall be underlined and 

denoted by a number in the margin to the right of the identified paragraph, 

referenced to a detailed written explanation of the reasons for requesting 

the deviation. The ENGINEER shall be the final authority for determining 

acceptability of requested deviations. The remaining portions of the 

paragraph not underlined will signify compliance on the part of the 

Contractor with the specifications. Failure to include a copy of the 

marked-up specification sections, along with justification(s) for any 

requested deviations to the specification requirements, with the submittal 

shall be sufficient cause for rejection of the entire submittal with no 

further consideration. 

2. Documentation of conformance with Testing Laboratory Qualifications as 

specified in paragraph 1.03 herein. 

3. Form A described in paragraph 3.03 herein, by both Testing Laboratory 

and Contractor. 

1.09  LIMITS ON TESTING LABORATORY AUTHORITY 

A. Testing Laboratory may not release, revoke, alter, or enlarge on requirements of 

Contract Documents. Testing Laboratory may not approve or accept any portion 

of the work, nor assume any duties of Contractor. Testing Laboratory has no 

authority to stop the work.  

PART 2--PRODUCTS 

2.01 SOURCE QUALITY CONTROL 

A. GENERAL 

1. Source quality control is defined in Section 01400. This Section provides 

general guidelines as to the sampling, tests, and inspections required of 

products and manufactures prior to delivery to the project site, and should 

be considered a minimum. Additional information and requirements are 

provided in each technical specification Section and those requirements 

shall control over this Section when in conflict. Absence of a test, 

inspection or requirement listed herein from a subsequent specification 

Section does not relieve the Testing Laboratory or the Contractor from 

their respective responsibilities specified in this Section. 
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B. REFERENCE STANDARDS IN OTHER SECTIONS 

1. Codes, standards, and other references called out below, but which are not 

listed in paragraph 1.02 are described in other specification Sections and 

not repeated herein. 

C. FILL MATERIALS 

1. IMPORTED FILL MATERIALS: Testing Laboratory may conduct 

additional testing on behalf of Contractor to prepare required submittals 

specified in Section 02200. 

2. TYPE K FILL MATERIAL: Testing Laboratory shall conduct required 

testing to verify on-site materials proposed for fill conforms to 

specification Section 02200. Contractor shall pay Testing Laboratory for 

such sampling and testing. Sampling and testing shall determine Liquid 

Limit, Plasticity Index, optimum moisture content and density 

relationship, and other data as required for proper use of this material. 

D. PAVING MATERIALS: NOT USED 

E. CONCRETE REINFORCING 

1. Provide sampling and testing requested by Construction Manager or 

additional testing as requested by Contractor to verify materials proposed 

for use to specification Section 03200. 

F. CAST-IN-PLACE CONCRETE 

1. Provide sampling and testing requested by Construction Manager or 

additional testing as requested by Contractor to verify materials proposed 

for use conform to specification Section 03300. At Contractor’s expense, 

Testing Laboratory may assist Contractor in formulating concrete mix 

designs, testing and reporting same, and providing the services of a 

Professional Engineer to review and seal the mix design.  

G. PRECAST CONCRETE 

1. PRECAST YARD INSPECTION: Source quality inspection is not 

required for PCI Certified facilities unless otherwise directed by the 

Building Official. 

2. VAULTS, MANHOLES, AND NON-STRUCTURAL PRECAST 

CONCRETE ITEMS: Precast yard inspection is not required unless so 

directed by the Construction Manager due to quality concerns or lack of 

experience by the manufacturer. Such inspection and testing shall be paid 
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for by the Contractor, and conform to this Section’s requirements, as well 

as Section 03471. 

H. MASONRY 

1.  CONFIRMATION OF MASONRY ASSEMBLAGE f’m:  Prism testing, 

if elected rather than tabular method, shall be tested as Field Quality 

Control.   

I. STRUCTURAL STEEL 

1. SHOP WELD INSPECTION FOR STRUCTURAL STEEL, AND STEEL 

FABRICATIONS: AWS Certified Welding Inspector shall visually 

inspect 100 percent of structural welds and will inspect 25 percent of fillet 

welds greater than 5/16 inch, 100 percent of butt welds, moment 

connection welds, and full penetration groove welds by ultra-sonic or 

magnetic particle inspection.  Acceptance Criteria: AWS D 1.1. Paragraph 

8.15.1 for visual inspection and Paragraphs 8.15.2.1 and 8.15.2.2 for ultra-

sonic or magnetic particle inspection.  

2. SHOP INSPECTION OF HIGH-STRENGTH BOLTED 

CONNECTIONS: Inspect 100 percent of high-strength bolted connections 

according to AISC “Specification for Structural Joints Using ASTM A325 

or A490 Bolts.”  All such bolts shall be fully tensioned unless otherwise 

noted on the drawings.  

3. MATERIALS’ CONFORMANCE TO SPECIFICATIONS:  Testing 

Laboratory shall sample and test such items to ensure Standard 

Compliance for any specified steel materials, connection hardware, and 

details for which mill certificates or other required certificates have not 

been submitted.  Contractor shall pay for the cost of such sampling, 

additional testing, and reporting. 

J.  STEEL DECK 

1. Provide sampling and testing requested by Construction Manager or 

additional testing as requested by Contractor to verify materials proposed 

for use conform to specification Section 05311. 

K. COLD FORMED STEEL FRAMING AND TRUSSES: NOT USED 

L. ROUGH CARPENTRY  

1. Provide sampling and testing requested by Construction Manager or 

additional testing as requested by Contractor to verify materials proposed 

for use conform to specification Sections 06100 and 06160. 
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M. MISCELLANEOUS METALWORK, GRATING, GUARDRAILING: NOT 

USED 

N. PLASTIC LINING FOR STRUCTURES -NOT USED 

O. COATING SYSTEMS 

1. Provide sampling and testing requested by Construction Manager or 

additional testing as requested by Contractor to verify materials proposed 

for use conform to Contract Documents. 

P. ENGINEERED METAL BUIDINGS – NOT USED 

PART 3--EXECUTION  

3.03 FIELD QUALITY CONTROL  

A. GENERAL 

1. Field quality control is defined in Section 01400. This Section provides 

general guidelines as to the sampling, tests, and inspections required of 

work in progress or completed in the field, and should be considered a 

minimum. Additional information and requirements are provided in each 

technical specification Section and those requirements shall control over 

this Section when in conflict. Absence of a test, inspection or requirement 

listed herein from a subsequent specification Section does not relieve the 

Testing Laboratory or the Contractor from their respective responsibilities 

specified in this Section. 

B. REFERENCE STANDARDS IN OTHER SECTIONS 

1. Codes, standards, and other references called out below, but which are not 

listed in paragraph 1.02 are described in other specification Sections and 

not repeated herein. 

C. FILL 

1. SUBGRADE PREPARATION AND COMPACTION: Verify depth of 

scarification, moisture content within optimal limits for compaction, and 

degree of compaction specified in Section 02200. Frequency of testing 

shall generally conform to 25 foot maximum spacing for strip footings, 

each isolated pad footing, every 900 square feet for slabs and mat 

foundations, or as directed by the Construction Manager in light of actual 

geometry and conditions extent. 
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2. STRUCTURE FILL: Verify material provided, lift thickness, and 

compaction density. Frequency of sampling and testing shall be the same 

as for Subgrade Preparation and Compaction.  

3. STRUCTURE BACKFILL: Verify material provided, lift thickness, and 

compaction density. Frequency of sampling and testing shall be as 

directed by the Construction Manager but not less than every 2 feet 

vertical (lifts) and every 1600 square feet of filled area. 

4. PIPE TRENCH BACKFILL: Verify material provided, lift thickness, and 

compaction density. Frequency of sampling and testing for Bedding, pipe 

zone, and trench back fill shall be at performed intervals no greater than 

500 feet. Testing at minimum shall be performed at the spring line on both 

sides of the pipe and at 12-inches above the crown of the pipe. 

5. OTHER FILL MATERIALS: Verify material used, lift thickness, and 

compaction density. Frequency of sampling and testing shall be as 

directed by the Construction Manager.  

D. PAVING: NOT USED 

E. CONCRETE REINFORCING 

1. Provide Special Inspection for all structural reinforcing in concrete and 

masonry per IBC 1701.5 Item 4.  

2. Provide Special Inspection for mechanical reinforcing connectors and 

splicing systems as required by that product’s ICC Evaluation Report, or 

equivalent.  

F. CAST-IN-PLACE CONCRETE  

1. Sample the first daily truck load of ready mixed concrete and every 50 

cubic yards thereafter, complying with ASTM C172.  

2. Perform one slump test for the first daily truck load of ready mixed 

concrete and every 50 cubic yards thereafter or as requested by 

Construction Manager if consistency is in question, complying with 

ASTM C143.  

3. Perform one air content test for each set of compressive strength 

specimens, complying with ASTM C31.  

4. Fabricate compressive strength specimens, complying with ASTM C39.  
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5. Make one set of 6 of compressive strength specimens for each day of 

structural concrete placing or each 100 cubic yards or fraction thereof for 

each class of concrete.  

6. Test two specimens after curing 7 days, two specimens after curing 28 

days, and retain two specimens for later testing if required.  

7. Comply with ACI 318 for evaluation and acceptance of concrete.  

G. PRECAST CONCRETE 

1. SITE INSPECTION OF PRECAST CONCRETE STRUCTURAL 

ASSEMBLIES: Visually inspect precast plank, beam, hollowcore, or other 

precast systems after units are set in place, mechanically anchored, 

reinforcing and details completed but prior to placing concrete or grout 

which would prevent such inspection. Verify precast pieces conform to 

expected geometry, bearing conditions and camber.  

2. COMPLETION OF PRECAST CONCRETE STRUCTURAL 

ASSEMBLIES: Inspect reinforcing, placement of concrete or grout fill as 

specified for those materials. 

H. ANCHOR BOLTS AND ANCHORS  

1. SPECIAL INSPECTIONS:  Provide Special Inspection for wedge 

anchors, undercut anchors, adhesive anchors, epoxy anchors, and all other 

anchoring systems installed in hardened concrete and masonry as required 

by that product’s ICC Evaluation Report, or equivalent. 

2. SITE INSPECTION OF STRUCTURAL ANCHOR BOLTS:  Visually 

inspect all structural anchor bolts for grade, diameter, embedment, 

geometry or type, quantity and general location.  Contractor shall assume 

all responsibility for detailed dimensions locating each individual bolt, 

each bolt group in total, and locations of bolts within each group 

(template). 

I. GROUT 

1. SITE INSPECTION OF MASONRY GROUTING:  See Masonry section 

of this specification.  

2. CEMENTITIOUS GROUT FOR STRUCTURAL BEARING: Visually 

inspect column baseplates, and grouted zone between structural 

struts/beams and their supporting wall elements. Determine complete fill 

beneath baseplate by tapping with hammer and noting hollow reports. 
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Verify grout conforms to specification by observing empty bags, which 

Contractor shall leave visible adjacent to area until inspection complete. 

3. EPOXY GROUT FOR EQUIPMENT BASES: Provide inspection 

conforming to specification Section 11002 and its reference standards, 

details on Drawings, and the requirements of the epoxy grout 

manufacturer.  

J. MASONRY 

1. CONFIRMATION OF MASONRY ASSEMBLAGE f’m:  Demonstrate 

conformance with specified f’m using prism testing, unless tabular method 

accepted and completed.  Prism preparation and testing shall conform to 

IBC Section 2105.3, and be at Contractor’s expense as additional testing 

except for Testing Laboratory observation, inspection, and reporting 

defined therein. 

2. INSPECTION OF REINFORCING, MASONRY LAYUP, AND 

GROUTING:  Testing Laboratory shall provide all inspections and 

Special Inspections required by the IBC. 

3. GROUT TESTING: Where grout is required to be sampled and tested, 

Testing Laboratory shall conduct such work conforming to IBC Section 

2105.3.4, Item 4. Cylinders or mortar cubes may be used to confirm grout 

strength. 

K. STRUCTURAL STEEL 

1.  SITE WELD INSPECTION FOR STRUCTURAL STEEL, STEEL 

JOISTS, AND STEEL FABRICATIONS:  Visually inspect 100 percent of 

structural welds.  Inspect 25 percent of fillet welds greater than 5/16 inch, 

100 percent of butt welds, moment connection welds, and complete 

penetration groove welds by ultra-sonic or magnetic particle inspection. 

2.  ACCEPTANCE CRITERIA:  AWS D 1.1. Paragraph 8.15.1 for visual 

inspection and paragraphs 8.15.2.1 and 8.15.2.2 for ultra-sonic or 

magnetic particle inspection. 

3. FIELD INSPECTION OF HIGH-STRENGTH BOLTED 

CONNECTIONS:  Inspect 100 percent of high-strength bolted 

connections according to AISC “Specification for Structural Joints Using 

ASTM A325 or A490 Bolts.”  All such bolts shall be fully tensioned 

unless otherwise noted on the drawings. 
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4.  BEND TESTS: Perform bend test on 10 percent of welded shear 

connectors. Modify test method and frequency if alternate (non-welded) 

shear connectors utilized by Contractor. 

L. STEEL ROOF DECK  

1. STEEL ROOF DECK:  Verify deck depth, gage (thickness), galvanizing, 

attachment to framing type, size, and frequency, sidelap fastening, and 

detail connections shown on the Drawings.  Provide 100 percent visual 

inspection of all such decks, or other test method as dictated by supplier of 

alternate fastening systems, if any. 

M. ROUGH CARPENTRY:  

1. CONVENTIONAL FRAMING WITH SAWN LUMBER:  Special 

Inspector visually inspect for size and grade of sawn lumber bearing wall 

elements, joists, rafters, and beams.  Visually inspect for adequate bearing 

on supporting elements. 

2.  ENGINEERED AND MANUFACTURED WOOD JOISTS, BEAMS 

AND POSTS:  Special Inspector visually inspect for size, type, and 

manufacturer’s product grade for all elements using engineered and 

manufactured wood including glu-laminated members.  Verify tension 

rated lamination of glu-laminated beams is properly oriented.  Visually 

inspect for adequate bearing on supporting elements. 

3.  ENGINEERED WOOD TRUSSES:  Special Inspector visually inspect 

against reviewed and accepted manufacturer’s shop drawings, including 

general shape, chord and web sizes, bridging and bracing, and adequate 

bearing. 

4.  ROOF AND WALL SHEATHING:  Special Inspector visually inspect for 

specified thickness and plies, Index, APA rating, strength axis across 

supporting members, staggered layout on roofs and floors, blocking or 

clips, edge nailing and field nailing. 

5.  CONNECTORS:  Special Inspector verify bolted and nailed connections 

conform to specifications.  In particular, visually inspect “gun nails” for 

conformance to specified common nail diameters and lengths.  Inspect 

cold-formed steel framing connectors, rafter/truss ties, straps and seismic 

hold-downs according to ICBO Evaluation Report descriptions, 

controlling Code or specified standard.  Inspect split ring connectors and 

their bolting. 

N. MISCELLANEOUS METALWORK, GRATING, GUARDRAILING: NOT 

USED  
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O. PLASTIC LINING FOR STRUCTURES: NOT USED 

P. COATING SYSTEMS 

1. FLEXIBLE, WATERTIGHT COATINGS ON CONCRETE: Provide 

field inspections specified for coating system per Section 09900. 

2. OTHER COATING SYSTEMS: Provide inspection as requested by 

Construction Manager, and additional inspections as requested by 

Contractor. 

Q. ENGINEERED METAL BUIDINGS: NOT USED 

3.02 EVALUATION AND CORRECTION 

A. EVALUATION 

1. Satisfactory completion of work will be judged on results of laboratory, 

shop, and site tests and inspections.  

B. CORRECTIONS 

1. If results of tests and inspections indicate work is below requirements of 

Contract Documents, that portion of work is defective and shall be 

repaired or replaced by the Contractor at no additional expense to the 

OWNER by methods specified in each material or system’s Section. 

Corrective action shall continue until such work meets the requirements of 

the Contract Documents.  

3.03 SCHEDULE OF INSPECTIONS AND TESTS 

A. Form A below shall be used to coordinate sampling and testing provided by 

Testing Laboratory, Special Inspector, Construction Manager, Contractor, and 

other parties, if any. Testing Laboratory shall fill out Form A with anticipated 

inspections, sampling, and testing, submit for review by Construction Manager 

and for information to Contractor, and revise as directed. After receipt of Testing 

Laboratory’s/Special Inspector Form 01410-A submittal, Contractor shall submit 

Form 01410-A to identify sampling and testing requested for submittal 

preparation, and with an allowance for additional inspections. Such allowance 

shall not be less than five percent (5%) of the anticipated Field Quality Control 

budget for the Testing Laboratory and Special Inspector, but shall not 

contractually commit Contractor to such expenditure, unless additional 

inspections requested and then only to their extent.  
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FORM 01410-A 

ANTICIPATED SAMPLING, TESTING, AND INSPECTIONS BY TESTING 

LABORATORY AND CONTRACTOR 

 

Prepared by:   Testing Laboratory, Special Inspector,   Contractor (check one).  

Electronic version available upon request. Expand each cell as necessary to provide a complete 

scope description. 

 

Specification Section Source Quality Control Field Quality Control 

02200 Earthwork   

03200 Concrete 

Reinforcement 

  

03300 Cast-In-Place 

Concrete 

  

03600 Grout   

04200 Masonry   

05100 Structural Metals   

05311 Steel Roof Deck   

05501 Anchors   

05505 Miscellaneous 

Metalwork 

  

06100 Rough Carpentry   

06160 Sheathing   

09900 Finishes   

 

**END OF SECTION** 
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SECTION 01500 

 

CONTRACTOR'S UTILITIES 

 

 

1.0 OFFICE 

 

The Contractor shall maintain a suitable office at the site of the work. 

 

2.0 POWER 

 

The Contractor shall provide power for construction at the construction sites.  He shall make 

arrangements with the electrical utility and with the Owner for power takeoff points, voltage and 

phasing requirements, transformers and metering and shall pay the costs and fees arising therefrom.  

The Contractor shall provide the special connections required for his work. 

 

 

3.0 SANITARY FACILITIES 

 

The Contractor shall provide toilet and washup facilities for his work force at the site of 

work.  The facilities shall comply with applicable laws, ordinances, and regulations pertaining to the 

public health and sanitation of dwellings and camps. 

 

 

**END OF SECTION** 
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SECTION 01560 

 

ENVIRONMENTAL CONTROLS 

 

 

1.0 SITE MAINTENANCE 

 

The Contractor shall keep the work site clean and free from rubbish and debris.  Materials 

and equipment shall be removed from the site when they are no longer necessary.  Upon completion 

of the work and before final acceptance, the work site shall be cleared of equipment, unused 

materials, and rubbish to present a clean and neat appearance. 

 

2.0 TEMPORARY DAMS 

 

Except in time of emergency, earth dams are not acceptable at catch basin openings, local 

depressions, or elsewhere.  Temporary dams of sand bags, asphaltic concrete, or other acceptable 

material will be permitted when necessary to protect the work, provided their use does not create a 

hazard or nuisance to the public.  Such dams shall be removed from the site as soon as they are no 

longer necessary. 

 

Measures to protect and maintain water quality shall be in accordance with Section 01561 

STORM WATER POLLUTION PREVENTION PLAN (SWPPP). 

 

3.0 AIR POLLUTION CONTROL 

 

The Contractor shall not discharge smoke, dust, and other contaminants into the atmosphere 

that violate the regulations of any legally constituted authority.  He shall also abate dust nuisance by 

cleaning, sweeping, and sprinkling with water, or other means as necessary.  The use of water, in 

amounts which result in mud on public streets, is not acceptable as a substitute for sweeping or other 

methods. 

 

4.0 NOISE CONTROL 

 

Between 7:30 p.m. and 7:00 a.m., noise from Contractor's operations shall not exceed limits 

established by applicable laws or regulations and in no event shall exceed 86 dBA at a distance of 

50 feet from the noise source. 

 

 

**END OF SECTION** 
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SECTION 01561 

STORM WATER POLLUTION PREVENTION PLAN (SWPPP) 

PART 1-- GENERAL 

1.01 SCOPE 

A. The CONTRACTOR shall provide all labor, equipment, materials, and services to 

acquire, prepare, implement and maintain best management practices (BMP) 

under a Construction General Permit (CGP) and Stormwater Pollution Prevention 

Plan (SWPPP) for construction activities that may adversely impact water quality.  

1. The U. S. Environmental Protection Agency (EPA), Pacific Southwest, 

Region 9 is the permitting authority for all regulated stormwater 

discharges on Indian Lands. More information on stormwater permitting 

on Indian Lands within Arizona is available online at U.S. EPA and U.S. 

EPA Region 9 NPDES Stormwater Program at:  

http://www.epa.gov/region09/water/npdes/stormwater.html 

2. Definitions shall be in accordance with EPA 

3. For information about the storm water program in EPA’s Pacific 

Southwest Region (AZ, CA, NV, Pacific Islands, and Tribal lands), 

contact: Eugene Bromley, bromley.eugene@epa.gov (415) 972-3510, or 

Andrew Sallach, sallach.andrew@epa.gov, (415) 972-3503. 

1.02 SUBMITTALS 

A. The CONTRACTOR shall submit record copies of the following documents to 

the CONSTRUCTION MANAGER: 

1. Approved Notice of Intent (NOI) 

2. Approved SWPPP and amendments 

3. Notice of Termination (NOT) following completion of construction and final 

/permanent stabilization 

4. Inspection and non-compliance reports that at a minimum include name of 

the inspector, time and date, reason for the inspection, and any findings on 

the conditions of the SWPPP controls and any location(s) of discharges of 

sediments or other pollutants from the site, BMP’s that require maintenance, 

http://www.epa.gov/region09/water/npdes/stormwater.html
mailto:bromley.eugene@epa.gov
mailto:sallach.andrew@epa.gov
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additional BMPs required, corrective actions to be taken, and evidence of or 

potential for pollutant discharge from the site. 

1.03 CONTRACTOR'S RESPONSIBILITIES 

A. The CONTRACTOR shall complete a Storm Water Pollution Prevention Plan 

(SWPPP) that complies with all Federal, State and local requirements. 

1. The Storm Water Pollution Prevention Plan shall be developed in 

accordance with the permit requirements and EPA guidebook, 

"Developing Your Pollution Plan: A Guide for Construction Sites" (EPA 

publication number 833-R-06-004). The guidebook is a reference for 

information relating to the different methods of stormwater pollution 

prevention presented in this SWPPP. 

2. The CONTRACTOR shall amend the SWPPP as necessary during 

completion of the Work if there are changes to the site that significantly 

affect the discharge of pollutants or if inspection or investigation 

determine the approved SWPPP is no longer effective at mitigating 

pollutants in stormwater discharges.  

B. The CONTRACTOR shall provide a “qualified person” to perform inspections 

according to the inspection schedule provided in the approved SWPP, before 

and/or during predicted rain events and “spot” inspections as requested by the 

CONSTRUCTION MANAGER to ensure Best Management Practices (BMPs) 

are in place and maintained.  

1. A “qualified person” is a person knowledgeable in the principles and 

practice of erosion and sediment controls and pollution prevention, who 

possesses the skills to assess conditions at the construction site that could 

impact stormwater quality, and the skills to assess the effectiveness of any 

stormwater controls selected and installed to meet the requirements of the 

SWPPP and CGP. 

C. The CONTRACTOR shall maintain a copy of the approved grading and drainage 

plan, NOI, up to date SWPP and inspection reports available on site at all times 

for review.  

D. Construction Wastes: The CONTRACTOR is responsible for proper disposal of 

all construction wastes in accordance with all applicable Federal, State, and local 

codes.   

1. Unless otherwise required by code, construction wastes shall be disposed 

of in a proper manner via use of an on-site dumpster supplied by the 
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CONTRACTOR. The CONTRACTOR shall provide removal services by 

a licensed solid waste management firm. The dumpster shall be emptied a 

minimum of once per week or more often if necessary. Burial of 

construction wastes on-site is not permitted. The CONTRACTOR shall 

ensure that the CONTRACTOR on-site work crews and subcontractors are 

trained in the proper manner of disposal for construction wastes.  

E. Sanitary Wastes: Disposal of sanitary waste from the construction site shall meet 

all applicable Federal, State, and local codes.  

1. The CONTRACTOR shall hire a licensed sanitary waste management 

firm for the disposal of the sanitary waste from the construction site, 

including from the CONTRACTOR's trailers.  

F. Hazardous Wastes: All hazardous materials used for the construction shall be 

stored, handled, and applied per the manufacturer's printed instructions and per all 

applicable Federal, State, and local codes.  

1. The CONTRACTOR shall ensure that the on-site work crews and 

subcontractors are trained in the proper manner of disposal for hazardous 

wastes. The disposal of hazardous wastes from the construction site shall 

be the responsibility of the CONTRACTOR and shall be performed by a 

licensed hazardous wastes management firm. 

G. Construction access shall be stabilized to prevent the removal of sediment from 

the construction site onto the adjacent property or paved road. The stabilized 

access roadway shall be wide enough to handle the anticipated truck traffic to and 

from the construction site. 

PART 2-- PRODUCTS 

A. NOT USED 

PART 3-- EXECUTION 

3.01 MAINTENANCE AND INSPECTION 

A. Perform joint inspections with the CONSTRUCTION MANAGER per the 

approved SWPPP schedule and after any storm event unless otherwise specified. 

B. All erosion control structures and stabilization practices shall be maintained in 

good working condition throughout the duration of the construction project. 

1. Remove accumulated sediment and debris from silt fences before it loses 

thirty percent (30%) or its storage capacity. Remove accumulated 
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sediment and debris before other BMP lose fifty percent (50%) of storage 

capacity.  

C. Repair of the damage to any erosion control structure shall commence within 24 

hours of discovery of the damage. 

3.02 SPILL PREVENTION 

A. Only materials used for completion of Work performed as part of this 

construction project shall be stored on-site.  

B. The handling and storage of all materials shall follow the Manufacturer's written 

instructions, the site conditions, project Specifications, or applicable 

governmental codes; whichever is most stringent.  Materials shall be stored in a 

neat and orderly fashion in their original containers.  

C. When transferring or unloading materials, the CONTRACTOR shall ensure that 

the area is protected from discharge into protected areas and that the materials 

transfer operation shall not cause contamination to stormwater due to runoff from 

the materials transfer location. 

D. During adverse weather, as described in the General Conditions of the Contract 

Documents, and against the possibility thereof, the CONTRACTOR shall take all 

necessary precautions to ensure the protection of the construction materials 

storage area. 

3.03 HAZARDOUS MATERIALS SPILL PREVENTION AND PRACTICES 

A. The following precautions shall be followed for hazardous materials: 

1. The CONTRACTOR shall keep the Material Safety Data Sheets of all 

hazardous materials at the Site.  

2. Products shall remain in their original containers with the original legible 

product label attached to the container. All products shall be used before 

disposal of the container. 

3. Hazardous materials shall be stored separately from non-hazardous 

material on-site. 

4. Hazardous materials, including diesel fuel, must be stored in contained 

areas which are able to contain 150 percent of the volume of the largest 

container's contents. If the area is not exposed to stormwater, the volume 

of the containment area shall be 110 percent of the volume of the largest 

container's contents. Each hazardous material shall be stored in its own 
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containment area. Under no circumstances shall hazardous materials be 

used or stored within 100-feet of any water supply well, unless specifically 

permitted by the CONSTRUCTION MANGER and governing Federal, 

State, or local codes.  

At a minimum, the containment area shall be constructed with dikes and 

lined with a material resistant to the properties of the hazardous material 

being contained. Before removal of any stormwater from the containment 

area, a representative sample of water shall be tested for contamination by 

the hazardous material stored in that containment area. If the stormwater is 

found to be contaminated, the CONTRACTOR shall follow the spill 

control measures for this hazardous material. 

5. Hazardous materials shall be disposed of in accordance with proper 

disposal procedures and in accordance with all Federal, State, or local 

codes. 

B. PRODUCT SPECIFIC PRACTICES 

1. Petroleum-Based Products: All on-site vehicles shall be properly 

maintained and checked for any leaks of fluid or petroleum-based 

products. If a leak is found, the vehicle shall be repaired immediately or 

removed from the Site. Diesel fuel shall be considered a hazardous 

material and shall be stored in a containment area as indicated above. 

2. Acid and Base Chemicals: All acid and base chemicals are considered 

hazardous materials and shall be stored in containment areas as described 

above. Disposal of acid or base chemicals shall, under no circumstances, 

occur via dumping or via the storm drain system.  

3. Paints, Thinners and Solvents: Paints, thinners, and solvents shall be 

stored in their original containers. Unused paints, thinners, and solvents 

shall not be dumped on-site or disposed through the sanitary or storm 

sewer system. Disposal of unused paints, thinners, and solvents shall be 

through proper hazardous materials disposal procedures. 

4. Fertilizers and Pesticides: Fertilizers and pesticides shall be applied at the 

minimum rate recommended by the manufacturer. Before spraying any 

pesticide, a certified pesticide applicator shall receive a permit for 

spraying of the pesticide in a well field. Storage of fertilizers shall be 

transferred to sealable containers to prevent spillage and exposure to 

stormwater. Fertilizer shall be worked into the soil upon application in a 

landscaped area. 
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5. Concrete Trucks: The washdown of concrete trucks or the disposal of 

unused or unacceptable concrete from a concrete truck will be permitted 

on-site only if the CONTRACTOR has set aside a specific area, with dikes 

to prevent contact between excess concrete and washdown water or 

stormwater. After the solids in the area have hardened, the 

CONTRACTOR shall dispose of the solids in a proper manner as 

approved by the CONSTRUCTION MANGER. 

3.04 SPILL CONTROL PRACTICES 

A. In addition to the precautionary practices described above, the following practices 

shall be followed for spill prevention, control, cleanup, and notification: 

1. Any spills shall be cleaned up immediately. 

2. The CONTRACTOR shall notify the CONSTRUCTION MANGER, 

OWNER, and all applicable agencies if a spill occurs. 

3. Manufacturer's printed instructions for the cleanup of a spill shall be kept 

on-site by the CONTRACTOR at all times. The CONTRACTOR's work 

crews and subcontractors shall be required to be familiar with the 

requirements and procedures for spill cleanup. Equipment necessary for 

spill cleanup, such as gloves, metal containers, mops, etc., shall be 

maintained on-site by the CONTRACTOR. The cleanup equipment shall 

be kept on-site by the CONTRACTOR during construction activities. 

4. Workers involved in the cleanup of a spill shall be properly protected by 

protective suits, ventilation masks, goggles, and other necessary 

equipment, prior to contact with the spilled material. 

5. The CONTRACTOR shall name an employee who will be on-site full-

time throughout the duration of the project as the spill cleanup 

coordinator. The spill cleanup coordinator will be responsible for notifying 

the proper personnel and agencies of a spill and obtaining the proper 

equipment and personnel to clean up the spill. The name and phone 

number where the spill cleanup coordinator can be reached at all times 

shall be posted on the Site. The spill cleanup coordinator shall be properly 

trained in spill cleanup procedures. 

6. After a spill is contained and cleaned up, a spill occurrence report shall be 

completed by the on-site inspector and the SWPPP shall be modified to 

prevent a reoccurrence of a spill. 

**END OF SECTION** 
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SECTION 01605 

 

SHIPMENT, PROTECTION AND STORAGE 

 

 

1.0 GENERAL 

 

Equipment, products and materials shall be shipped, handled, stored, and installed in ways 

which will prevent damage to the items.  Damaged items will not be permitted as part of the work 

except in cases of minor damage that have been satisfactorily repaired and are acceptable to the 

Construction Manager. 

 

2.0 PIPE 

 

Pipe and appurtenances shall be handled, stored, and installed as recommended by the 

manufacturer.  Pipes with paint, tape coatings, linings or the like shall be stored to protect the 

coating or lining from physical damage or other deterioration.  Pipes shipped with interior bracing 

shall have the bracing removed only when recommended by the pipe manufacturer. 

 

3.0 EQUIPMENT 

 

A. PACKAGE AND MARKING: 

 

All equipment shall be protected against damage from moisture, dust, handling, or other 

cause during transport from manufacturer's premises to site.  Each item or package shall be marked 

with the number unique to the specification reference covering the item. 

 

Stiffeners shall be used where necessary to maintain shapes and to give rigidity.  Parts of 

equipment shall be delivered in assembled or subassembled units where possible. 

 

B. IDENTIFICATION: 

 

Each item of equipment and valve shall have permanently affixed to it a label or tag with its 

equipment or valve number designated in this contract.  Marker shall be of stainless steel.  Location 

of label will be easily visible. 

 

C. SHIPPING: 

 

Bearing housings, vents and other types of openings shall be wrapped or otherwise sealed to 

prevent contamination by grit and dirt. 

 

Damage shall be corrected to conform to the requirements of the contract before the 

assembly is incorporated into the work.  The Contractor shall bear the costs arising out of 

dismantling, inspection, repair and reassembly. 
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D. FACTORY APPLIED COATINGS: 

 

Unless otherwise specified, each item of equipment shall be shipped to the site of the work 

with the manufacturer's shop applied epoxy prime coating as specified in Section 09900.  The prime 

coating shall be applied over clean dry surfaces in accordance with the coating manufacturer's 

recommendations.  The prime coating will serve as a base for field-applied finish coats.  Electrical 

equipment and materials shall be painted by manufacturer as specified in paragraph 09900-3.03 I. 

 

E. STORAGE: 

 

During the interval between the delivery of equipment to the site and installation, all 

equipment, unless otherwise specified, shall be stored in an enclosed space affording protection 

from weather, dust and mechanical damage and providing favorable temperature, humidity and 

ventilation conditions to ensure against equipment deterioration.  Manufacturer's recommendations 

shall be adhered to in addition to these requirements. 

 

Equipment and materials to be located outdoors may be stored outdoors if protected against 

moisture condensation.  Equipment shall be stored at least 6 inches above ground.  Temporary 

power shall be provided to energize space heaters or other heat sources for control of moisture 

condensation.  Space heaters or other heat sources shall be energized without disturbing the sealed 

enclosure. 

 

F. PROTECTION OF EQUIPMENT AFTER INSTALLATION: 

 

After installation, all equipment shall be protected from damage from, including but not 

limited to, dust, abrasive particles, debris and dirt generated by the placement, chipping, 

sandblasting, cutting, finishing and grinding of new or existing concrete, terrazzo and metal; and 

from the fumes, particulate matter, and splatter from welding, brazing and painting of new or 

existing piping and equipment.  As a minimum, vacuum cleaning, blowers with filters, protective 

shieldings, and other dust suppression methods will be required at all times to adequately protect all 

equipment.  During concreting, including finishing, all equipment that may be affected by cement 

dust must be completely covered.  During painting operations, all grease fittings and similar 

openings shall be covered to prevent the entry of paint.  Electrical switchgear, unit substation, and 

motor load centers shall not be installed until after all concrete work and sandblasting in those areas 

have been completed and accepted and the ventilation systems installed. 

 

 

**END OF SECTION** 
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SECTION 01660 

 

EQUIPMENT AND SYSTEM 

PERFORMANCE AND OPERATIONAL TESTING 

 

 

PART 1--GENERAL 

 

1.01 DESCRIPTION 

 

 This section contains requirements for the Contractor's performance in documenting testing 

work required under this contract.  In addition, this section contains requirements the for the 

Contractor's performance during installed performance testing of all mechanical, electrical, 

instrumentation, and HVAC equipment and systems, including structures for watertight 

construction, provided under this contract.  This section supplements but does not supersede specific 

testing requirements found elsewhere in this project manual. 

 

1.02 QUALITY ASSURANCE 

 

 A. CONTRACTOR'S QUALITY ASSURANCE MANAGER: 

 

 The Contractor shall appoint an operations engineer or equally qualified operations 

specialist as Quality Assurance Manager to manage, coordinate, and supervise the Contractor's 

quality assurance program.  The Quality Assurance Manager shall have at least 5 years of total 

experience, or experience on at least five separate projects, in managing the startup commissioning 

of mechanical, electrical, instrumentation, HVAC, and piping systems.  Operations engineers shall 

be graduates from a minimum 4-year course in mechanical or civil engineering.  Operations 

specialists shall have equivalent experience in plant operation and maintenance.  The quality 

assurance program shall include: 

 

  1. A testing plan setting forth the sequence in which all testing work required 

under this project manual will be implemented.  

 

  2. A documentation program to record the results of all equipment and system 

tests. 

 

  3. An installed performance testing program for all mechanical, electrical, 

instrumentation, and HVAC equipment and systems installed under this 

contract. 

 

  4. A calibration program for all instruments, meters, monitors, gages, and 

thermometers installed under this contract. 
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  5. A calibration program for all instruments, gages, meters, and thermometers 

used for determining the performance of equipment and systems installed 

under this contract. 

 

  6. A testing schedule conforming to the requirements specified in paragraph 

01660-2.02 C. 

 

 For the purposes of this section, a system shall include all items of equipment, devices and 

appurtenances connected in such a fashion as their operation or function complements, protects or 

controls the operation or function of the others.  The Quality Assurance Manager shall coordinate 

the activities of all subcontractors and suppliers to implement the requirements of this section. 

 

 B. CALIBRATION: 

 

 All test equipment (gages, meters, thermometers, analysis instruments, and other equipment) 

used for calibrating or verifying the performance of equipment installed under this contract shall be 

calibrated to within plus or minus 2 percent of actual value at full scale.  Test equipment employed 

for individual test runs shall be selected so that expected values as indicated by the detailed 

performance specifications will fall between 60 and 85 percent of full scale.  Pressure gages shall be 

calibrated in accordance with ANSI/ASME B40.1.  Thermometers shall be calibrated in accordance 

with ASTM E77 and shall be furnished with a certified calibration curve. 

 

 Liquid flow meters, including all open channel flow meters and all meters installed in 

pipelines with diameters greater than 2 inches shall be calibrated in situ using either the total count 

or dye dilution methods.  Gas flow meters installed in piping systems with diameters greater than 

6 inches shall be calibrated in situ using the pitot tube velocity averaging method.  Flow meter 

calibration work shall be performed by individuals skilled in the techniques to be employed.  

Calibration tests for flow metering systems shall be performed over a range of not less than 

10 percent to at least 75 percent of system full scale.  At least five confirmed valid data points shall 

be obtained within this range.  Confirmed data points shall be validated by not less than three test 

runs with results which agree within plus or minus 2 percent. 

 

 C. REFERENCES: 

 

 This section contains references to the following documents.  They are a part of this section 

as specified and modified.  Where a referenced document contains references to other standards, 

those documents are included as references under this section as if referenced directly.  In the event 

of conflict between the requirements of this section and those of the listed documents, the 

requirements of this section shall prevail. 

 

 Unless otherwise specified, references to documents shall mean the documents in effect 

at the time of Advertisement for Bids or Invitation to Bid (or on the effective date of the 

Agreement if there were no Bids).  If referenced documents have been discontinued by the 

issuing organization, references to those documents shall mean the replacement documents 

issued or otherwise identified by that organization or, if there are no replacement documents, the 
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last version of the document before it was discontinued.  Where document dates are given in the 

following listing, references to those documents shall mean the specific document version 

associated with that date, regardless of whether the document has been superseded by a version 

with a later date, discontinued or replaced. 

 

Reference Title 

ANSI/ASME B40.1 Gauges Pressure Indicating Dial Type—Elastic 

Element 

ASTM E77 Method for Verification and Calibration of Liquid-in-

Glass Thermometers 

AWWA M6 Water Meters – Selection, Installation Testing and 

Maintenance 

 

1.03 SUBMITTALS 

 

 Submittal material, to be submitted in accordance with Section 01300, shall consist of the 

following: 

 

  1. A complete description of the Contractor's plan for documenting the results 

from the test program in conformance with the requirements of paragraph 

01660-2.02 A, including: 

 

   a. Proposed plan for documenting the calibration of all test instruments. 

 

   b. Proposed plan for calibration of all instrument systems, including 

flow meters and all temperature, pressure, weight, and analysis 

systems. 

 

   c. Sample forms for documenting the results of field pressure and 

performance tests. 

 

  2. The credentials and certification of the testing laboratory proposed by the 

Contractor for calibration of all test equipment. 

 

  3. Preoperational check-out procedures, reviewed and approved by the 

respective equipment manufacturers. 

 

  4. Detailed testing plans, setting forth step-by-step descriptions of the 

procedures proposed by the Contractor for the systematic testing of all 

equipment and systems installed under this contract. 

 

  5. A schedule and subsequent updates, presenting the Contractor's plan for 

testing the equipment and systems installed under this contract. 
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  6. A schedule establishing the expected time period (calendar dates) when the 

Contractor plans to commence operational testing of the completed systems, 

along with a description of the temporary systems and installations planned 

to allow operational testing to take place. 

 

  7. A summary of the Quality Assurance Manager's qualifications, showing 

conformance to paragraph 01660-1.02 A requirements. 

 

 

PART 2--PRODUCTS 

 

2.01 GENERAL 

 

 The Contractor shall prepare test plans and documentation plans as specified in the 

following paragraphs.  The Construction Manager/Resident Project Representative will not witness 

any test work for acceptance until all test documentation and calibration plans and the specified 

system or equipment test plans have been submitted and accepted. 

 

2.02 DOCUMENTATION 

 

 A. DOCUMENTATION PLANS: 

 

 The Contractor shall develop a record keeping system to document compliance with the 

requirements of this Section.  Calibration documentation shall include identification (by make, 

manufacturer, model, and serial number) of all test equipment, date of original calibration, 

subsequent calibrations, calibration method, and test laboratory. 

 

 Equipment and system documentation shall include date of test, equipment number or 

system name, nature of test, test objectives, test results, test instruments employed for the test and 

signature spaces for the Construction manager’s/Resident Project Representative's witness and the 

Contractor's quality assurance manager.  A separate file shall be established for each system and 

item of equipment.  These files shall include the following information as a minimum: 

 

  1. Metallurgical tests 

  2. Factory performance tests 

  3. Accelerometer recordings made during shipment 

  4. Field calibration tests1 

  5. Field pressure tests1 

  6. Field performance tests1 

  7. Field operational tests1 

 

 Section 01999 contains samples showing the format and level of detail required for the 

documentation forms.  The Contractor is advised that these are samples only and are not specific to 

 
    1Each of these tests is required even though not specifically noted in detailed specification section. 
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this project nor to any item of equipment or system to be installed under this contract.  The 

Contractor shall develop test documentation forms specific to each item of equipment and system 

installed under this contract.  Acceptable documentation forms for all systems and items of 

equipment shall be produced for review by the Construction Manager/Resident Project 

Representative as a condition precedent to the Contractor's receipt of progress payments more than 

50 percent of the contract amount.  Once the Construction Manager/Resident Project Representative 

has reviewed and taken no exception to the forms proposed by the Contractor, the Contractor shall 

produce enough forms, at his expense, to provide documentation of all testing work to be conducted 

as a part of this contract.  

 

 B. TEST PLANS: 

 

 The Contractor shall develop test plans detailing the coordinated, sequential testing of each 

item of equipment and system installed under this contract.  Each test plan shall be specific to the 

item of equipment or system to be tested.  Test plans shall identify by specific equipment or tag 

number each device or control station to be manipulated or observed during the test procedure and 

the specific results to be observed or obtained.  Test plans shall also be specific as to support 

systems required to complete the test work, temporary systems required during the test work, 

subcontractors' and manufacturers' representatives to be present and expected test duration.  As a 

minimum, the test plans shall include the following features: 

 

  1. Step-by-step proving procedure for all control and electrical circuits by 

imposing low voltage currents and using appropriate indicators to affirm that 

the circuit is properly identified and connected to the proper device. 

 

  2. Calibration of all analysis instruments and control sensors. 

 

  3. Performance testing of each individual item of mechanical, electrical, and 

instrumentation equipment.  Performance tests shall be selected to duplicate 

the operating conditions described in the project manual. 

 

  4. System tests designed to duplicate, as closely as possible, operating 

conditions described in the project manual. 

 

 Test plans shall contain a complete description of the procedures to be employed to achieve 

the desired test environment.   

 

 As a condition precedent to receiving progress payments in excess of 75 percent of the 

contract amount, or in any event, progress payments due to the Contractor eight weeks in advance 

of the date the Contractor wishes to begin any testing work (whichever occurs earliest in the project 

schedule), the Contractor shall have submitted all test plans required for the systematic field 

performance and operational tests for all equipment and systems installed under this contract.  Once 

the Construction Manager/Resident Project Representative has reviewed and taken no exception to 

the Contractor's test plans, the Contractor shall reproduce the plans in sufficient number for the 

Contractor's purposes and an additional ten copies for delivery to the Construction 
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Manager/Resident Project Representative.  No test work shall begin until the Contractor has 

delivered the specified number of final test plans to the Construction Manager/Resident Project 

Representative.  

 

 C. TESTING SCHEDULE: 

 

 The Contractor shall produce a testing schedule setting forth the sequence contemplated for 

performing the test work.  The schedule shall be in bar chart form, plotted against calendar time, 

shall detail the equipment and systems to be tested, and shall be coordinated with the Contractor's 

construction schedule specified in Section 01310.  The schedule shall show the contemplated start 

date, duration of the test and completion of each test.  The test schedule shall be submitted no later 

than 4 weeks in advance of the date testing is to begin.  The Construction Manager/Resident Project 

Representative will not witness any testing work for acceptance until the Contractor has submitted a 

schedule to which the Construction Manager/Resident Project Representative takes no exception.  

The test schedule shall be updated weekly, showing actual dates of test work, indicating systems 

and equipment testing completed satisfactorily and meeting the requirements of this project manual. 

 

2.03 SYSTEM AND EQUIPMENT PERFORMANCE TESTS 

 

 Each item of mechanical, electrical, instrumentation, and HVAC equipment installed under 

this contract shall be tested to demonstrate compliance with the performance requirements of this 

project manual.  Each electrical, instrumentation, mechanical, piping, and HVAC system installed 

or modified under this contract shall be tested in accordance with the requirements of this  

project manual. 

 

2.04 OPERATIONAL TESTS 

 

 Once all equipment and systems have been tested individually, the Contractor shall fill all 

systems except wastewater, scum sludge and other wastewater derived systems with the intended 

process fluids.  Wastewater-derived process systems shall be filled with water.  After filling 

operations have been completed, the Contractor shall operate all systems for a continuous period of 

not less than 2 days, simulating actual operating conditions to the greatest extent possible.  The 

Contractor shall install temporary connections, bulkheads and make other provisions to recirculate 

process fluids or otherwise simulate anticipated operating conditions.  During the operational testing 

period, the Contractor's Quality Assurance Manager and testing team shall monitor the 

characteristics of each machine and system and report any unusual conditions to the Construction 

Manager/Resident Project Representative.  

 

2.05 PRODUCT DATA 

 

 Product data, to be provided in accordance with Section 01300, shall be the original and 

three copies of all records produced during the testing program. 

 

 

PART 3--EXECUTION 



Equipment and System Performance and Operational Testing 

01660-7 

Dilkon Pass Booster 
Contract Issue 

 

3.01 GENERAL 

 

 The Contractor's quality control manager shall organize teams made up of qualified 

representatives of equipment suppliers, subcontractors, the Contractor's independent testing 

laboratory, and others, as appropriate, to efficiently and expeditiously calibrate and test the 

equipment and systems installed and constructed under this contract.  The objective of the testing 

program shall be to demonstrate, to the Construction Manager’s/Resident Project Representative's 

complete satisfaction, that the structures, systems, and equipment constructed and installed under 

this contract meet all performance requirements and the facility is ready for the commissioning 

process to commence.  In addition, the testing program shall produce baseline operating conditions 

for the Owner to use in a preventive maintenance program. 

 

3.02 CALIBRATION OF FIXED INSTRUMENTS 

 

 Calibration of analysis instruments, sensors, gages, and meters installed under this contract 

shall proceed on a system-by-system basis.  No equipment or system performance acceptance tests 

shall be performed until instruments, gages, and meters to be installed in that particular system have 

been calibrated and the calibration work has been witnessed by the Construction Manager/Resident 

Project Representative. 

 

 All analysis instruments, sensors, gages, and meters used for performance testing shall be 

subject to recalibration to confirm accuracy after completion, but prior to acceptance of each 

performance test.  All analysis instruments, sensors, gages, and meters installed under this contract 

shall be subject to recalibration as a condition precedent to commissioning under the provisions of 

Section 01662. 

 

3.03 PERFORMANCE TESTS 

 

 A. GENERAL: 

 

 Performance tests shall consist of the following: 

 

  1. Pressure and/or leakage tests. 

 

  2. Electrical testing as specified in Section 16030. 

 

  3. Wiring, individual component, loop, and loop commissioning testing as 

described in Section 17030. 

 

  4. Preoperational checkout for all mechanical and HVAC equipment.  

Preoperational check-out procedures shall be reviewed and approved by the 

respective equipment manufacturers. 
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  5. Initial operation tests of all mechanical, electrical, HVAC, and 

instrumentation equipment and systems to demonstrate compliance with the 

performance requirements of this project manual. 

 

 In general, performance tests for any individual system shall be performed in the order listed 

above.  The order may be altered only on the specific written authorization of the Construction 

Manager/Resident Project Representative after receipt of a written request, complete with justifi-

cation of the need for the change in sequence. 

 

 B. PRESSURE AND LEAKAGE TESTS: 

 

 Pressure and leakage tests shall be conducted in accordance with applicable portions of 

Divisions 3 and 15.  All acceptance tests shall be witnessed by the Construction Manager/Resident 

Project Representative.  Evidence of successful completion of the pressure and leakage tests shall be 

the Construction Manager’s/Resident Project Representative's signature on the test forms prepared 

by the Contractor. 

 

 C. FUNCTIONAL CHECKOUT: 

 

 Prior to energization (in the case of electrical systems and equipment), all circuits shall be 

rung out and tested for continuity and shielding in accordance with the procedures required in 

Section 16030. 

 

 D. COMPONENT CALIBRATION AND LOOP TESTING: 

 

 Prior to energization (in the case of instrumentation system and equipment), all loops and 

associated instruments shall be calibrated and tested in accordance with the procedures required in 

Section 17030. 

 

 E. ELECTRICAL RESISTANCE: 

 

 Electrical resistance testing shall be in accordance with Section 16030. 

 

 F. PREOPERATIONAL TESTS: 

 

 Preoperational tests shall include the following: 

 

  1. Alignment of equipment using reverse dial indicator method. 

 

  2. Preoperation lubrication. 

 

  3. Tests per the manufacturers' recommendations for prestart preparation and 

preoperational check-out procedures. 

 

 G. FUNCTIONAL TESTS: 
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  1. GENERAL:  Once all affected equipment has been subjected to the required 

preoperational check-out procedures and the Construction Manager/Resident Project Representative 

has witnessed and has not found deficiencies in that portion of the work, individual items of 

equipment and systems may be started and operated under simulated operating conditions to 

determine as nearly as possible whether the equipment and systems meet the requirements of these 

specifications.  If available, plant effluent may be employed for the testing of all liquid systems 

except gaseous, oil, or chemical systems.  If not available, potable water shall be employed as the 

test medium.  Test media for these systems shall either be the intended fluid or a compatible 

substitute.  The equipment shall be operated within a sufficient period of time to determine machine 

operating characteristics, including noise, temperatures and vibration; to observe performance 

characteristics; and to permit initial adjustment of operating controls.  When testing requires the 

availability of auxiliary systems such as looped piping, electrical power, compressed air, control air, 

or instrumentation which have not yet been placed in service, the Contractor shall provide 

acceptable substitute sources, capable of meeting the requirements of the machine, device, or 

system at no additional cost to the Owner.  Disposal methods for test media shall be subject to 

review by the Construction Manager/Resident Project Representative.  During the functional test 

period, the Contractor shall obtain baseline operating data on all equipment with motors greater than 

1 horsepower to include amperage, bearing temperatures, and vibration.  The baseline data shall be 

collected for the Owner to enter in a preventive maintenance system. 

 

 Test results shall be within the tolerances set forth in the detailed specification sections of 

this project manual.  If no tolerances have been specified, test results shall conform to tolerances 

established by recognized industry practice.  Where, in the case of an otherwise satisfactory 

functional test, any doubt, dispute, or difference should arise between the Construction 

Manager/Resident Project Representative and the Contractor regarding the test results or the 

methods or equipment used in the performance of such test, then the Construction 

Manager/Resident Project Representative may order the test to be repeated.  If the repeat test, using 

such modified methods or equipment as the Construction Manager/Resident Project Representative 

may require, confirms the previous test, then all costs in connection with the repeat test will be paid 

by the Owner.  Otherwise, the costs shall be borne by the Contractor.  Where the results of any 

functional test fail to comply with the contract requirements for such test, then such repeat tests as 

may be necessary to achieve the contract requirements shall be made by the Contractor at his 

expense. 

 

 The Contractor shall provide, at no expense to the Owner, all power, fuel, compressed air 

supplies, water, and chemicals, all labor, temporary piping, heating, ventilating, and air conditioning 

for any areas where permanent facilities are not complete and operable at the time of functional 

tests, and all other items and work required to complete the functional tests.  Temporary facilities 

shall be maintained until permanent systems are in service. 

 

  2. RETESTING:  If under test, any portion of the work should fail to fulfill the 

contract requirements and is adjusted, altered, renewed, or replaced, tests on that portion when so 

adjusted, altered, removed, or replaced, together with all other portions of the work as are affected 

thereby, shall, unless otherwise directed by the Construction Manager/Resident Project 



Equipment and System Performance and Operational Testing 

01660-10 

Dilkon Pass Booster 
Contract Issue 

Representative, be repeated within reasonable time and in accordance with the specified conditions.  

The Contractor shall pay to the Owner all reasonable expenses incurred by the Owner, including the 

costs of the Construction Manager/Resident Project Representative, as a result of repeating such 

tests. 

 

  3. POSTTEST INSPECTION:  Once functional testing has been completed, all 

machines shall be rechecked for proper alignment and realigned, as required.  All equipment shall 

be checked for loose connections, unusual movement, or other indications of improper operating 

characteristics.  Any deficiencies shall be corrected to the satisfaction of the Construction 

Manager/Resident Project Representative.  All machines or devices which exhibit unusual or 

unacceptable operating characteristics shall be disassembled and inspected.  Any defects found 

during the inspection shall be repaired or the specific part or entire equipment item shall be replaced 

to the complete satisfaction of the Construction Manager/Resident Project Representative at no cost 

to the Owner. 

 

3.04 OPERATIONAL TESTS 

 

 The Contractor shall provide system operation testing.  After completion of all performance 

testing and certification by the Construction Manager/Resident Project Representative that all 

equipment complies with the requirements of the specifications, the Contractor shall fill all process 

units and process systems, except those employing domestic water, oil, air, or chemicals, with well 

water.  All domestic water, oil, air, and chemical systems shall be filled with the specified fluid. 

 

 Upon completion of the filling operations, the Contractor shall circulate water through the 

completed facility for a period of not less than 48 hours, during which all parts of the system shall 

be operated as a complete facility at various loading conditions, as directed by the Construction 

Manager/Resident Project Representative.  The operational testing period shall commence after this 

initial period of variable operation.  The operational testing period shall be 5 days.  Should the 

operational testing period be halted for any reason related to the facilities constructed or the 

equipment furnished under this contract, or the Contractor's temporary testing systems, the 

operational testing program shall be repeated until the specified continuous period has been accom-

plished without interruption.  All process units shall be brought to full operating conditions, 

including temperature, pressure, and flow. 

 

 As-built documents specified in Section 01720 of facilities involved shall be accepted and 

ready for turnover to the Owner at the time of operational testing. 

 

 

**END OF SECTION** 
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SECTION 01662 

 

COMMISSIONING 

 

 

PART 1--GENERAL 

 

1.01 DESCRIPTION 

 

 This section contains requirements for the Contractor's performance during the commis-

sioning of the structures, equipment and systems constructed and installed during this contract.  All 

commissioning work, as described in this section, shall be performed by the Contractor. 

 

1.02 QUALITY ASSURANCE 

 

 A. CLEANUP: 

 

 Following completion of the operational testing period, the Contractor shall remove, clean, 

and replace all permanent and temporary filters and strainers in all pipeline systems; replace all 

HVAC filters; dewater and clean all sumps; and dewater all process units for final inspection as a 

condition precedent to commissioning. 

 

 B. COMMISSIONING TEAM: 

 

 The Contractor shall assemble a commissioning team under the direction of an individual 

duly authorized to commit the Contractor's personnel and resources to respond to requests for 

assistance on the part of the Construction Manager or, through the Construction Manager, the 

Owner.  The commissioning team shall consist of representatives of the Contractor's mechanical, 

electrical, and instrumentation subcontractors, and others as appropriate.  The commissioning team 

shall be available at the site of the work during normal working hours (8 hours a day, 5 days a week, 

Saturdays, Sundays, and legal holidays excepted) and shall be available within 2 hours' notice at all 

other times upon notice by telephone.  The commissioning team shall at all times be equipped and 

ready to provide for emergency repairs, adjustments, and corrections to the equipment and systems 

installed and modified as a part of this contract. 

 

1.03 SUBMITTALS 

 

 The following information shall be submitted to the Construction Manager in accordance 

with the provisions of Section 01300: 

 

  1. Detailed plans for commissioning each process unit and each system 

constructed or modified as a part of the work performed under this contract. 

  2. The Contractor's plan for providing a commissioning team conforming to the 

requirements of paragraph 01662-1.02 B during the commissioning period.  

The plan shall be complete with a daytime staffing plan and names, 
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qualifications, and telephone numbers of those assigned to off-hour standby 

duty. 

 

PART 2--PRODUCTS 

 

 Working with representatives of the Owner and the Construction Manager, the Contractor 

shall develop and produce a detailed, written plan for the startup and initial operation, under actual 

operating conditions, of the equipment and systems installed and constructed under this contract.  

The document, after acceptance by the Construction Manager, shall serve as the guidance manual 

for the commissioning process. 

 

PART 3--EXECUTION 

 

 After completion of the equipment and system performance and operational testing, where 

required, and agreement on the part of the Construction Manager that the systems did meet all test 

requirements, commissioning will begin.  The commissioning period for each modified or new unit 

process system shall be 4 weeks.  The Contractor shall remove all temporary piping, bulkheads, 

controls and other alterations to the permanent systems that may have been needed during the 

performance and operational testing and shall perform the tasks necessary to make the 

improvements constructed under this contract fully operational.  The Construction Manager shall 

confirm in writing the date(s) that the system is ready for commissioning and on which actual 

commissioning activities commence.  Activities conducted prior to such written confirmation shall 

not constitute commissioning.   

 

 The Owner's operation and maintenance personnel will be responsible for operation of the 

systems to be commissioned.  The portion of the work to be commissioned shall be fully 

operational, performing all functions for which it was designed. 

 

 The Contractor shall be available at all times during commissioning periods to provide 

immediate assistance in case of failure of any portion of the system being constructed.  At the end of 

the commissioning period and when all corrections required by the Construction Manager to assure 

a reliable and completely operational facility are complete, the Construction Manager shall issue a 

completion certificate.  Each system shall have been issued a completion certificate as a condition 

precedent to the final acceptance of the work of this contract. 

 

 During the commissioning period, the Owner shall be responsible for all normal operational 

costs and the Contractor shall bear the costs of all necessary repairs or replacements, including labor 

and materials, required to keep the portion of the plant being commissioned, operational. 

 

 

**END OF SECTION** 
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SECTION 01664 

 

TRAINING  

 

PART 1--GENERAL 

 

1.01 DESCRIPTION 

 

 This section contains requirements for training the Owner's personnel, by persons retained 

by the Contractor specifically for the purpose, in the proper operation and maintenance of the 

equipment and systems installed under this contract. 

 

1.02 QUALITY ASSURANCE 

 

 Where required by the detailed specifications, the Contractor shall provide on-the-job 

training of the Owner's personnel.  The training sessions shall be conducted by qualified, 

experienced, factory-trained representatives of the various equipment manufacturers.  Training shall 

include instruction in both operation and maintenance of the subject equipment. 

 

1.03 SUBMITTALS 

 

 The following information shall be submitted to the Construction Manager in accordance 

with the provisions of Section 01300.  The material shall be reviewed and accepted by the 

Construction Manager as a condition precedent to receiving progress payments in excess of 

50 percent of the contract amount and not less than 3 weeks prior to the provision of training. 

 

  1. Lessons plans for each training session to be conducted by the 

manufacturer's representatives.  In addition, training manuals, handouts, 

visual aids, and other reference materials shall be included. 

 

  2. Subject of each training session, identity and qualifications of individuals to 

be conducting the training, and tentative date and time of each training 

session. 

 

 

PART 2--PRODUCTS 

 

2.01 GENERAL 

 

 Where specified, the Contractor shall conduct training sessions for the Owner's personnel to 

instruct the staff on the proper operation, care, and maintenance of the equipment and systems 

installed under this contract.  Training shall take place at the site of the work and under the 

conditions specified in the following paragraphs.  Approved operation and maintenance manuals 

shall be available at least 30 days prior to the date scheduled for the individual training session. 
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2.02 LOCATION 

 

 Training sessions shall take place at the site of the work in Dilkon at the Booster Pump 

Station No. 3 site. 

 

2.03 LESSON PLANS 

 

 Formal written lesson plans shall be prepared for each training session.  Lesson plans shall 

contain an outline of the material to be presented along with a description of visual aids to be 

utilized during the session.  Each plan shall contain a time allocation for each subject. 

 

 One complete set of originals of the lesson plans, training manuals, handouts, visual aids, 

and reference material shall be the property of the Owner and shall be suitably bound for proper 

organization and easy reproduction.  The Contractor shall furnish ten copies of necessary training 

manuals, handouts, visual aids and reference materials at least 1 week prior to each training session. 

 

2.04 FORMAT AND CONTENT 

 

 Each training session shall be comprised of time spent both in the classroom and at the 

specific location of the subject equipment or system.  As a minimum, training session shall cover 

the following subjects for each item of equipment or system: 

 

  1. Familiarization 

 

   a. Review catalog, parts lists, drawings, etc., which have been 

previously provided for the plant files and operation and maintenance 

manuals. 

 

   b. Check out the installation of the specific equipment items. 

 

   c. Demonstrate the unit and indicate how all parts of the specifications 

are met. 

 

   d. Answer questions. 

 

  2. Safety 

 

   a. Using material previously provided, review safety references. 

 

   b. Discuss proper precautions around equipment. 

 

  3. Operation 

 

   a. Using material previously provided, review reference literature. 
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   b. Explain all modes of operation (including emergency). 

 

   c. Check out Owner's personnel on proper use of the equipment. 

 

  4. Preventive Maintenance 

 

   a. Using material previously provided, review preventive maintenance 

(PM) lists including: 

 

    1) Reference material. 

 

    2) Daily, weekly, monthly, quarterly, semiannual, and annual 

jobs. 

 

   b. Show how to perform PM jobs. 

 

   c. Show Owner's personnel what to look for as indicators of equipment 

problems. 

 

  5. Corrective Maintenance 

 

   a. List possible problems. 

  

   b. Discuss repairs--point out special problems. 

 

   c. Open up equipment and demonstrate procedures, where practical. 

 

  6. Parts 

 

   a. Show how to use previously provided parts list and order parts. 

 

   b. Check over spare parts on hand.  Make recommendations regarding 

additional parts that should be available. 

 

  7. Local Representatives 

 

   a. Where to order parts:  name, address, telephone. 

 

   b. Service problems: 

 

    1) Who to call. 

 

    2) How to get emergency help. 
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  8. Operation and Maintenance Manuals 

 

   a. Review any other material submitted. 

 

   b. Update material, as required. 

 

2.05 VIDEO RECORDING: 

 

 The Owner will retain the services of a commercial video taping service to record each 

training session.  After taping, the material will be edited and supplemented with professionally 

produced graphics to provide a permanent record.  The Contractor shall advise all manufacturers 

providing training sessions that the material will be video taped and shall make available to the 

Owner's video taping contractor such utility services and accommodation as may be required to 

facilitate the production of the video tape record. 

 

 

PART 3--EXECUTION 

 

 Training shall be conducted in conjunction with the operational testing and commissioning 

periods.  Classes shall be scheduled such that classroom sessions are interspersed with field instruc-

tion in logical sequence.  The Contractor shall arrange to have the training conducted on 

consecutive days, with no more than 6 hours of classes scheduled for any one day.  Concurrent 

classes shall not be allowed.  Training shall be certified on Form 11000-B specified in Section 

01999. 

 

 Acceptable operation and maintenance manuals for the specific equipment shall be provided 

to the Owner prior to the start of any training.  Video taping shall take place concurrently with all 

training sessions. 

 

 The following services shall be provided for each item of equipment or system as required 

in individual specification sections.  Additional services shall be provided, where specifically 

required in individual specification sections. 

 

  1. As a minimum classroom equipment training for operations personnel will 

include: 

 

   a. Using slides and drawings, discuss the equipment's specific location 

in the plant and an operational overview. 

 

   b. Purpose and plant function of the equipment. 

 

   c. A working knowledge of the operating theory of the equipment. 
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   d. Start-up, shutdown, normal operation, and emergency operating 

procedures, including a discussion on system integration and 

electrical interlocks, if any. 

 

   e. Identify and discuss safety items and procedures. 

 

   f. Routine preventative maintenance, including specific details on 

lubrication and maintenance of corrosion protection of the equipment 

and ancillary components. 

 

   g. Operator detection, without test instruments, of specific equipment 

trouble symptoms. 

 

   h. Required equipment exercise procedures and intervals. 

 

   i. Routine disassembly and assembly of equipment if applicable 

(as judged by the Owner on a case-by-case basis) for purposes such 

as operator inspection of equipment. 

 

  2. As a minimum, hands-on equipment training for operations personnel will 

include: 

 

   a. Identify location of equipment and review the purpose. 

 

   b. Identifying piping and flow options. 

 

   c. Identifying valves and their purpose. 

 

   d. Identifying instrumentation: 

 

    1) Location of primary element. 

 

    2) Location of instrument readout. 

 

    3) Discuss purpose, basic operation, and information interpre-

tation. 

 

   e. Discuss, demonstrate, and perform standard operating procedures 

and round checks. 

 

   f. Discuss and perform the preventative maintenance activities. 

 

   g. Discuss and perform start-up and shutdown procedures. 

 

   h. Perform the required equipment exercise procedures. 
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   i. Perform routine disassembly and assembly of equipment if 

applicable. 

 

   j. Identify and review safety items and perform safety procedures, if 

feasible. 

 

  3. Classroom equipment training for the maintenance and repair personnel will 

include: 

 

   a. Theory of operation. 

 

   b. Description and function of equipment. 

 

   c. Start-up and shutdown procedures. 

 

   d. Normal and major repair procedures. 

 

   e. Equipment inspection and troubleshooting procedures including the 

use of applicable test instruments and the "pass" and "no pass" test 

instrument readings. 

 

   f. Routine and long-term calibration procedures. 

 

   g. Safety procedures. 

 

   h. Preventative maintenance such as lubrication; normal maintenance 

such as belt, seal, and bearing replacement; and up to major repairs 

such as replacement of major equipment part(s) with the use of 

special tools, bridge cranes, welding jigs, etc. 

 

  4. Hands-on equipment training for maintenance and repair personnel shall 

include: 

 

   a. Locate and identify equipment components. 

 

   b. Review the equipment function and theory of operation. 

 

   c. Review normal repair procedures. 

 

   d. Perform start-up and shutdown procedures. 

 

   e. Review and perform the safety procedures. 
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   f. Perform Owner approved practice maintenance and repair job(s), 

including mechanical and electrical adjustments and calibration and 

troubleshooting equipment problems. 

 

 

**END OF SECTION**
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SECTION 01710 

 

FINAL CLEANUP 

 

 

1.0   GENERAL 

 

 At the completion of work and immediately prior to final inspection, cleaning of the entire 

project shall be accomplished according to the following provisions: 

 

1. The Contractor shall thoroughly clean, sweep, wash, and polish all work and 

equipment provided under the Contract, including finishes.  The cleaning 

shall leave the structures and site in a complete and finished condition to the 

satisfaction of the Construction Manager. 

 

2. All subcontractors shall similarly perform, at the same time, an equivalent 

thorough cleaning of all work and equipment provided under their Contracts. 

 

3. The Contractor shall remove all temporary structures and all debris, 

including all dirt, sand, gravel, rubbish and waste material. 

 

4. Should the Contractor not remove rubbish or debris or not clean the 

buildings and site as specified, the Owner reserves the right to have the 

cleaning done at the expense of the Contractor. 

 

5. Only experienced workers, or professional cleaners, shall be employed for 

final cleaning. 

 

6. Only cleaning materials recommended by the manufacturer of surface to be 

cleaned shall be used. 

 

7. Cleaning materials shall be used only on surfaces recommended by the 

cleaning material manufacturers. 

 

8. In preparation for substantial completion or occupancy, a final inspection of 

sight-exposed interior and exterior surfaces, and of concealed spaces, shall 

be conducted. 

 

9. Grease, dust, dirt, stains, labels, fingerprints, and other foreign materials 

shall be removed from sight-exposed interior and exterior finished surfaces.  

Polish surfaces so designated to shine finish. 

 

10. Marred surfaces shall be repaired, patched, and touched up to specified 

finish, to match adjacent surfaces. 
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11. Air-handling filters shall be cleaned if units were operated during 

construction. 

 

12. Ducts, blowers, and coils shall be cleaned, if air-handling units were 

operated without filters during construction. 

 

  13. All interior spaces shall be vacuum cleaned, including inside cabinets.  

 

14. Materials shall be handled in a controlled manner with as few handlings as 

possible.  Do not drop or throw materials from heights. 

 

 

2.0   OWNER OCCUPANCY 

 

 As a condition precedent to final acceptance or release of a structure, space or process unit 

for use by the Owner, the Contractor and all subcontractors shall thoroughly clean all floors, walls, 

woodwork, and windows to leave same in first-class condition. 

 

 All building roof gutters, downspouts, pits and sumps shall be cleared of silt, sand, debris, 

and construction materials.  Ductwork air intakes and exhaust grilles shall be inspected and cleared 

of dust and extraneous material, and all grounds shall be cleared of all debris.  Finished floors shall 

be thoroughly cleaned, sealed, and given a final coat of wax.  The Contractor shall also remove all 

paint from and clean all window glass and all plumbing fixtures.   Carpeted areas shall be 

thoroughly vacuumed and steam cleaned.  Blinds, all furniture, and cabinets shall be dusted. 

 

 

3.0   POST-CONSTRUCTION REPAIRS 

 

 The Contractor shall make such minor repairs and alterations as may be necessary to make 

any building or structure ready for occupancy including touch-up paint, refit windows, doors, and 

cabinets.  The Contractor shall replace all broken and scratched glass with material which complies 

with the Contract Documents.  This section shall not apply after or to the extent that the Owner has 

taken possession of a building on which the Contractor has performed work.   

 

 

4.0   SITE CLEANUP 

 

 For all roadway work, the Contractor shall conform the work to acceptable line and grade, 

as determined by the Construction Manager.  In addition, the Contractor shall have the sidewalks 

and streets affected by the work swept by a street or sidewalk cleaner as determined by the 

Construction Manager.  Other surfaces of the grounds shall be rake cleaned.  The Owner will not 

authorize final payment until the Contractor has removed all rubble and debris from the street and 

adjoining work areas, including all temporary storage and parking areas used by the Contractor. 
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 For pipelines, storm sewers, catch basins, manholes, and all building floor drains, prior to 

their activation or at the conclusion of the project, the Contractor shall thoroughly clean all of the 

new pipes by flushing with water for fluid lines, or compressed air for gas lines.  Debris cleaned 

from the lines shall be removed from the lowest access point. 

 

 All temporary utility drops, fencing, and water supply outlets shall be removed. 

 

 All plant gate identification signs, barricades, tools, rubbish collection receptacles and other 

such items shall be removed by the Contractor. 

 

 All remaining earthen stockpiles of excess excavated material shall be graded to provide 

gentle slopes to prevent erosion as directed by the Construction Manager. 

 

 

**END OF SECTION**
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SECTION 01720 

 

RECORD DRAWINGS 

 

 

Record drawings refer to those documents maintained and annotated by the Contractor 

during construction and are defined as (1) a neatly and legibly marked set of contract drawings 

showing the final location of piping, equipment, electrical conduits, outlet boxes and cables; 

including X, Y, and Z coordinates for all fittings and valves after installation and before burial; 

(2) additional documents such as schedules, lists, drawings, and electrical and instrumentation 

diagrams included in the specifications; and (3) Contractor layout and installation drawings. 

 

Unless otherwise specified, record drawings shall be full size and maintained in a clean, dry, 

and legible condition.  Record documents shall not be used for construction purposes and shall be 

available for review by the Construction Manager during normal working hours at the Contractor's 

field office.  At the completion of the work, prior to final payment, all record drawings shall be 

submitted to the Construction Manager. 

 

Marking of the drawings shall be kept current and shall be done at the time the material and 

equipment are installed.  Annotations to the record documents shall be made with an erasable 

colored pencil conforming to the following color code: 

 

Additions  - Red 

Deletions  - Green 

Comments   - Blue 

Dimensions - Graphite* 

 

*Legibly mark to record actual depths, horizontal and vertical location of underground raceways, cables, and 

appurtenances referenced to permanent surface improvements. 

 

 

**END OF SECTION**
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SECTION 01730 

 

OPERATING AND MAINTENANCE INFORMATION 

 

 

1.0 SCOPE 

 

Operation and maintenance (O&M) instructions shall be provided in accordance with this 

section and as required in the technical sections of this project manual.  O&M information shall be 

provided for each maintainable piece of equipment, equipment assembly or subassembly, and 

material provided or modified under this contract. 

 

O&M instructions must be submitted and accepted before on-site training may start. 

 

2.0 TYPES OF INFORMATION REQUIRED 

 

A. GENERAL: 

 

O&M information shall contain the names, addresses, and telephone numbers of the 

manufacturer, the nearest representative of the manufacturer, and the nearest supplier of the 

manufacturer's equipment and parts.  In addition, one or more of the following items of information 

shall be provided as applicable. 

 

B. OPERATING INSTRUCTIONS: 

 

Specific instructions, procedures, and illustrations shall be provided for the following phases 

of operations: 

 

  1. SAFETY PRECAUTIONS:  List personnel hazards for equipment and list 

safety precautions for all operating conditions. 

 

  2. OPERATOR PRESTART:  Provide requirements to set up and prepare each 

system for use. 

 

  3. START-UP, SHUTDOWN, AND POSTSHUTDOWN PROCEDURES:  

Provide a control sequence for each of these operations. 

 

  4. NORMAL OPERATIONS:  Provide control diagrams with data to explain 

operation and control of systems and specific equipment. 

 

  5. EMERGENCY OPERATIONS:  Provide emergency procedures for 

equipment malfunctions to permit a short period of continued operation or to 

shut down the equipment to prevent further damage to systems and 

equipment. Include emergency shutdown instructions for fire, explosion, 

spills, or other foreseeable contingencies.  Provide guidance on emergency 
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operations of all utility systems including valve locations and portions of 

systems controlled. 

 

  6. OPERATOR SERVICE REQUIREMENTS:  Provide instructions for 

services to be performed by the operator such as lubrication, adjustments, 

and inspection. 

 

  7. ENVIRONMENTAL CONDITIONS:  Provide a list of environmental 

conditions (temperature, humidity, and other relevant data) which are best 

suited for each product or piece of equipment and describe conditions under 

which equipment should not be allowed to run. 

 

C. PREVENTIVE MAINTENANCE: 

 

The following information shall be provided for preventive and scheduled maintenance to 

minimize corrective maintenance and repair: 

 

  1. LUBRICATION DATA:  Provide lubrication data, other than instructions 

for lubrication in accordance with paragraph 2.0-B6. 

 

   a. A table showing recommended lubricants for specific temperature 

ranges and applications; 

 

   b. Charts with a schematic diagram of the equipment showing 

lubrication points, recommended types and grades of lubricants, and 

capacities; and 

 

   c. A lubrication schedule showing service interval frequency. 

 

  2. PREVENTIVE MAINTENANCE PLAN AND SCHEDULE:  Provide 

manufacturer's schedule for routine preventive maintenance, inspections, 

tests, and adjustments required to ensure proper and economical operation 

and to minimize corrective maintenance and repair.  Provide manufacturer's 

projection of preventive maintenance man-hours on a daily, weekly, 

monthly, and annual basis including craft requirements by type of craft. 

 

D. CORRECTIVE MAINTENANCE: 

 

Manufacturer's recommendations shall be provided on procedures and instructions for 

correcting problems and making repairs. 

 

  1. TROUBLESHOOTING GUIDES AND DIAGNOSTIC TECHNIQUES:  

Provide step-by-step procedures to promptly isolate the cause of typical 

malfunctions.  Describe clearly why the checkout is performed and what 

conditions are to be sought.  Identify tests or inspections and test equipment 
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required to determine whether parts and equipment may be reused or require 

replacement. 

 

  2. WIRING DIAGRAMS AND CONTROL DIAGRAMS:  Wiring diagrams 

and control diagrams shall be point-to-point drawings of wiring and control 

circuits including factory-field interfaces.  Provide a complete and accurate 

depiction of the actual job-specific wiring and control work.  On diagrams, 

number electrical and electronic wiring and pneumatic control tubing and the 

terminals for each type identically to actual installation numbering. 

 

  3. MAINTENANCE AND REPAIR PROCEDURES:  Provide instructions 

and list tools required to restore product or equipment to proper condition or 

operating standards. 

 

  4. REMOVAL AND REPLACEMENT INSTRUCTIONS:  Provide step-by-

step procedures and list required tools and supplies for removal, replace-

ment, disassembly, and assembly of components, assemblies, subassemblies, 

accessories, and attachments.  Provide tolerances, dimensions, settings, and 

adjustments required.  Instructions shall include a combination of test and 

illustrations. 

 

  5. SPARE PARTS AND SUPPLY LISTS:  Provide lists of spare parts and 

supplies required for maintenance and repair to ensure continued service or 

operation without unreasonably delays.  Special consideration is required for 

facilities at remote locations.  List spare parts and supplies that have a long 

lead time to obtain. 

 

  6. CORRECTIVE MAINTENANCE MANHOURS:  Provide manufacturer's 

projection of corrective maintenance man-hours including craft requirements 

by type of craft.  Corrective maintenance that requires participation of the 

equipment manufacturer shall be identified and tabulated separately. 

 

E. APPENDICES: 

 

The following information shall be provided; include information not specified in the 

preceding paragraphs but pertinent to the maintenance or operation of the product or equipment. 

 

  1. PARTS IDENTIFICATION:  Provide identification and coverage for all 

parts of each component, assembly, subassembly, and accessory of the end 

items subject to replacement.  Include special hardware requirements, such 

as use high-strength bolts and nuts.  Identify parts by make, model, serial 

number, and source of supply to allow reordering without further 

identification.  Provide clear and legible illustrations, drawings, and 

exploded views to enable easy identification of the items.  When illustrations 

omit the part numbers and description, both the illustrations and separate 
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listing shall show the index, reference, or key number which will cross-

reference the illustrated part to the listed part.  Parts shown in the listings 

shall be grouped by components, assemblies, and subassemblies. 

 

  2. WARRANTY INFORMATION:  List and explain the various warranties 

and include the servicing and technical precautions prescribed by the 

manufacturers or contract documents to keep warranties in force. 

 

  3. PERSONNEL TRAINING REQUIREMENTS:  Provide information 

available from the manufacturers to use in training designated personnel to 

operate and maintain the equipment and systems properly. 

 

  4. TESTING EQUIPMENT AND SPECIAL TOOL INFORMATION:  

Provide information on test equipment required to perform specified tests 

and on special tools needed for the operation, maintenance, and repair of 

components. 

 

3.0 TRANSMITTAL PROCEDURE 

 

Unless otherwise specified, O&M manuals, information, and data shall be transmitted in 

accordance with Section 01300 accompanied by Transmittal Form 01730-A and Equipment Record 

Forms 01730-B and/or 01730-C, as appropriate, all as specified in Section 01999.  The transmittal 

form shall be used as a checklist to ensure the manual is complete.  Only complete sets of O&M 

instructions will be reviewed for acceptance. 

 

Five (5) hard copies and five (5) electronic pdf (CD) copies of the specified O&M 

information shall be provided.  For ease of identification, each manufacturer's brochure and manual 

shall be appropriately labeled with the equipment name and equipment number as it appears in the 

project manual.  The information shall be organized in the binders in numerical order by the 

equipment numbers assigned in the project manual.  The binders shall be provided with a table of 

contents and tab sheets to permit easy location of desired information.  Binders shall be 3-ring, of 

uniform color (preferably white) with plastic view covers for cover page and spine inserts. The 

binders shall be sized adequately to accommodate the appropriate manual. The outside cover page 

insert and spine insert shall include the equipment location, project number, all applicable 

equipment ID numbers, description, supplier name and purchase agreement number. The inside 

cover page shall include all applicable equipment ID numbers, description, location, “Purchased 

From” (supplier name), “purchased by” (purchaser name), suppliers contact information, and 

purchase agreement number.  All manuals shall also have a uniform tabbed Table of Contents. 

 

If manufacturers' standard brochures and manuals are used to describe O&M procedures, 

such brochures and manuals shall be modified to reflect only the model or series of equipment used 

on this project.  Extraneous material shall be crossed out neatly or otherwise annotated or 

eliminated. 

 

4.0 PAYMENT 
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Acceptable O&M information for the project must be delivered to the Construction 

Manager prior to the project being 65 percent complete.  Progress payments for work in excess of 

65 percent completion will not be made until the specified acceptable O&M information has been 

delivered to the Construction Manager. 

 

5.0 FIELD CHANGES 

 

Following the acceptable installation and operation of an equipment item, the item's 

instructions and procedures shall be modified and supplemented by the Contractor to reflect any 

field changes or information requiring field data. 

 

 

**END OF SECTION**
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SECTION 01800 

 

ENVIRONMENTAL CONDITIONS 

 

This section describes the environmental conditions which have been observed at the site of 

the work and which may reasonably be anticipated throughout the life of the project. 

 

The Dilkon Booster Pump Station No. 3 site is at elevation 5964 feet above mean sea level. The 

site of work for the Booster Pump Station No. 3 is located at a lat/long of 35°22'57.21"N and 

110°10'45.35"W.  The PRV Station No. 18 site is at elevation 5964 feet above mean sea level. 

The site work for PRV Station No. 18 is located at a lat/long of 35°22’57.21”N and 

110°10’45.35”W. The Check Valve Station site is at elevation of 5992 feet above mean sea level.  

The site of work for the Check Valve Station is located at a lat/long of 35°23’07.54”N and 

110°09’37.42”W. Climate conditions are described as follows: 

 

Description Range of Conditions 

Winter -20 to 40 (°F) 

Summer 44 to 110 (°F) 

Relative humidity, percent  

     Indoors 40-60% 

     Average outdoors 40-60% 

Air temperature, degrees F  

     Outdoors 53.2 °F Annual Avg 

     Indoors 70 °F (Varies) 

Barometric pressure, inches, mercury 30.01 Annual Avg 

 

Additional conditions which may be applicable are specified in other sections. 

 

 

**END OF SECTION** 
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SECTION 01900 

 

STRUCTURAL DESIGN AND ANCHORAGE REQUIREMENTS FOR  

NONSTRUCTURAL COMPONENTS AND NONBUILDING STRUCTURES 

 

 

PART 1—GENERAL 

 

1.01 SUMMARY 

 

A. SCOPE 

 

This section specifies the minimum structural requirements for the design, anchorage and 

bracing of architectural/mechanical/HVAC/electrical components, equipment, and systems, and 

nonbuilding structures.  Design of supports, attachments and bracing for all parts or elements of 

the architectural, mechanical, HVAC and electrical systems shall be provided in accordance with 

this section.  The requirements of this section shall apply to the design of the structural elements 

and features of equipment and to platforms/walkways that are provided with equipment or 

nonbuilding structures.   

 

This section applies to nonstructural components that are permanently attached to 

structures, and nonbuilding structures as defined below in paragraph 1.01-B and ASCE 7-10.  

Note that equipment is defined as a non-structural component and tanks are defined as a 

nonbuilding structure. 

 

Design shall be in accordance with the criteria listed within this section and shall conform 

to the provisions of the design codes listed within this section.  Engineering design is not 

required for attachments, anchorage, or bracing detailed on the drawings or where the size of 

attachments, anchorage, or bracing is defined in the technical specification sections. 

 

The following nonstructural components are exempt from the seismic design loading 

requirements of this section: 

 

1. Mechanical and electrical components in Seismic Design Category C 

provided that the component importance factor, Ip, is equal to 1.0. 

 

B. DEFINITIONS: 

 

1. STRUCTURES:  The structural elements of a building that resist gravity, 

seismic, wind, and other types of loads.  Structural components include 

columns, posts, beams, girders, joists, bracing, floor or roof sheathing, 

slabs or decking, load-bearing walls, and foundations. 

 

2. NONSTRUCTURAL COMPONENTS:  The nonstructural portions of a 

building include every part of the building and all its contents, except the 
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structural portions, that carry gravity loads and that may also be required 

to resist the effects of wind, snow, impact, temperature and seismic loads.  

Nonstructural components include, but are not limited to, ceilings, 

partitions, windows, equipment, piping, ductwork, furnishings, lights, etc. 

 

3. NONBUILDING STRUCTURES:  All self-supporting structures that 

carry gravity loads and that may also be required to resist the effects of 

wind, snow, impact, temperature and seismic loads.  Nonbuilding 

structures include, but are not limited to, pipe racks, storage racks, stacks, 

tanks, vessels and structural towers that support tanks and vessels. 

 

1.02 QUALITY ASSURANCE 

 

A. QUALITY CONTROL BY OWNER: 

 

Special Inspection of nonstructural components and nonbuilding structures, and their 

anchorages shall be performed by the Special Inspector under contract with the Owner and in 

conformance with IBC Chapter 17.  Special Inspector(s) and laboratory shall be acceptable to the 

Owner in their sole discretion.  Special Inspection is in addition to, but not replacing, other 

inspections and quality control requirements herein.  Where sampling and testing required herein 

conforms to Special Inspection standards, such sampling and testing need not be duplicated.   

 

B. REFERENCES: 

 

Where a referenced document contains references to other standards, those documents are 

included as references under this section as if referenced directly. 

 

Unless otherwise specified, references to documents shall mean the documents in effect 

at the time of Advertisement for Bids or Invitation to Bid (or on the effective date of the 

Agreement if there were no Bids).  If referenced documents have been discontinued by the 

issuing organization, references to those documents shall mean the replacement documents 

issued or otherwise identified by that organization, or if there are no replacement documents, the 

last version of the document before it was discontinued.  Where document dates are given in the 

following listing, references to those documents shall mean the specific document version 

associated with that date, regardless of whether the document has been superseded by a version 

with a later date, discontinued, or replaced. When conflicting requirements occur, the most 

stringent requirements will govern the design. 

 

Reference Title 

AAMA American Architectural Manufacturer’s Association  

ACI 318-14 Building Code Requirements for Structural Concrete 

  

AISC 341 Seismic Provisions for Structural Steel Buildings 



 

Structural Design and Anchorage Requirements 

01900-3 

Dilkon Pass Booster 

Contract Issue 

Reference Title 

ACI 360-10 Specification for Structural Steel Buildings 

ASCE 7-10 Minimum Design Loads for Buildings and Other Structures 

  

  

AWS D1.1 Structural Welding Code – Steel 

AWS D1.2 Structural Welding Code - Aluminum 

AWS D1.6 Structural Welding Code – Stainless Steel 

IBC International Building Code with local amendments 

NFPA-13 Standard for the Installation of Sprinkler Systems 

OSHA U.S. Dept. of Labor, Occupational Safety and Health Administration 

ADOSH Arizona Division of Occupational Safety and Health  

SMACNA  Seismic Restraint Manual Guidelines for Mechanical Systems 

 

1.03 SUBMITTALS 

 

For structural elements of nonstructural components and nonbuilding structures required 

to be designed per this specification section, drawings and design calculations shall be stamped 

by an Arizona licensed professional engineer qualified to perform structural engineering. 

 

Submit drawings and calculations no less than four weeks in advance of the installation 

of any component to be anchored to the structure or installation of any structural member to 

which the component will be attached. 

 

A. The following submittals shall be provided in accordance with Section 01300: 

 

1. List of all nonstructural components and nonbuilding structures requiring 

wind and seismic design and anchorage. 

 

2. Shop drawings showing details of complete wind and seismic bracing and 

anchorage attachment assemblies including connection hardware, and 

embedment into concrete. 

 

3. Shop drawings showing plans, elevations, sections and details of equipment 

support structures and nonbuilding structures, including anchor bolts, 

structural members, platforms, stairs, ladders, and related attachments. 

 

4. Identify all interface points with supporting structures or foundations, as well 

as the size, location, and grip of all required attachments and anchor bolts.  

Clearly indicate who will be providing each type of attachment/anchor bolt.  
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Equipment vendor shall design anchor bolts, including embedment into 

concrete, and submit stamped calculations. 

 

5. Calculations for all supports, bracing, and attachments shall clearly indicate 

the design criteria applied in the design calculations.  Concrete embedment 

calculations shall be coordinated with thickness and strength of concrete 

members.  Submit a tabulation of the magnitude of unfactored (service level) 

equipment loads at each support point, broken down by type of loading 

(dead, live, wind, seismic, etc.).  Indicate impact factors applied to these 

loads in the design calculations. 

 

6. Product Data:  Manufacturer’s certificates of compliance with the seismic 

force requirements of this section. 

 

 

1.04 DESIGN CODES 

 

The following standard codes have application at this site for: 

 

Buildings/Structures: International Building Code 2015 and ASCE 7-10 

Reinforced concrete: ACI 318-14  

Structural steel: AISC 360-10 and AISC 341-10 

Welding: AWS Welding Codes, Latest Edition 

Occupational health and safety 

requirements: 

U.S. Dept. of Labor, Occupational Safety and Health 

Administration (OSHA) 

 

When conflicting requirements occur, the most stringent requirements will govern the 

design. 

 

1.05 DESIGN LOADS 

 

All nonstructural components and nonbuilding structures shall be designed for the 

following loads.  Wind and snow loads shall not be applied to nonstructural components and 

nonbuilding structures that are located inside buildings. 

 

A. DEAD LOADS: 

 

An additional allowance will also be added for piping and conduit when supported and 

hung from the underside of equipment and platforms. 
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B. UNIFORM LIVE LOADS: 

 

Elevated grating floors: 100 psf  

Columns: No column live load reduction allowed 

Stairs, storage areas, and landings: 100 psf  

Equipment platforms, walkways/catwalks 

(other than exitways): 

100 psf  

Utility bridges: 75 psf per level minimum 

 

C. SNOW LOADS: 

 

Code: IBC 2015 & ASCE 7-10 

Ground Snow Load (pg) 30 psf 

 

Exposure Factor (Ce) 0.9 

Importance Factor (I): 1.2 

Minimum Roof Snow Load: 30 psf 

 

D. WIND LOADS: 

 

Code: IBC 2015 & ASCE 7-10 

Basic Wind Speed (3-second gust): 120 mph  

Exposure: C  

Topographic Factor (Kzt) 1.0 

  

 

All exterior nonstructural components and nonbuilding structures, unless located in a pit 

or basin, shall be designed to withstand the design wind loads without consideration of shielding 

effects by other structures. 

 

E. SEISMIC LOADS: 

 

Code: IBC 2015 & ASCE 7-10 

0.2 Sec. Mapped Spectral Response, SS: 0.365 g 

1.0 Sec. Mapped Spectral Response, S1: 0.104 g 

Site Class: C 
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0.2 Sec. Design Spectral Response, SDS: 0.292 g 

1.0 Sec. Design Spectral Response, SD1: 0.118 g 

Importance Factor (I): 1.5  

Component Importance Factor (Ip): 1.0, except Ip=1.5 for fire protection 

sprinkler systems or components contain-

ing hazardous materials 

Seismic Design Category C 

 

Seismic loads shall be calculated based on the governing building code.  The structure 

dead load shall include equipment operating loads. 

 

Individual members shall be checked for seismic and full member live load acting 

simultaneously, except that flooded equipment loads (infrequent occurrence) need not be 

combined with seismic loads.  Equipment operating loads shall be combined with seismic loads. 

 

F. IMPACT LOADS: 

 

Impact loads shall be considered in the design of support systems. 

 

The following impact load factors shall be used unless recommendations of the 

equipment manufacturer will cause a more severe load case. 

 

Rotating machinery:    20% of moving load 

 

Reciprocating machinery:   50% of moving load 

 

Monorail Hoists: 

 Vertical    25% of lifted load 

 Longitudinal    10% of lifted load 

 

Hangers supporting floors and platforms: 33% of live and dead load 

 

G. TEMPERATURE: 

 

The effects of temperature shall be included in design where nonstructural components 

and nonbuilding structures are exposed to differential climatic conditions.  See Section 1.07 for 

temperature extremes. 

 

1.06 LOAD COMBINATIONS 

 

All nonstructural components and nonbuilding structures shall be designed to withstand 

the load combinations as specified in the governing building code.  Where the exclusion of live 
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load or impact load would cause a more severe load condition for the member under 

investigation, then the load shall be ignored when evaluating that member. 

 

1.07 DESIGN CONSIDERATIONS 

 

All nonstructural components and nonbuilding structures shall be designed for the 

following conditions: 

 

A. CLIMATIC CONDITIONS: 

 

Maximum design temperature: 100 degrees Fahrenheit 

Minimum design temperature: 10 degrees Fahrenheit 

 

B. FOUNDATIONS:   

 

Foundations supporting nonstructural components and nonbuilding structures shall 

extend below the frost line or be supported on non-frost susceptible structural fill down to the 

frost line. 

 

Frost line for foundations: 30 inches 

 

Consult project geotechnical report for allowable soil bearing recommendations at 

location of structure. 

 

1.08 COLUMN BASE FIXITY 

 

Column bases shall be designed as pinned connections.  No moments shall be assumed to 

be transferred to the foundations. 

 

Where significant shear loads (greater than 5,000 lb. per anchor bolt) are transferred at 

column base plates, the equipment vendor shall provide a shear key. 

 

1.09 DEFLECTIONS 

 

Maximum beam deflections as a fraction of span for walkways and platforms shall be 

L/240 for total load and L/360 for live load.  Maximum total load deflection for equipment 

supports shall be L/450. 

 

 



 

Structural Design and Anchorage Requirements 

01900-8 

Dilkon Pass Booster 

Contract Issue 

PART 2—PRODUCTS 

 

2.01 GENERAL 

 

Materials shall be in conformance with information shown on the drawings and in other 

technical specification sections.  See individual component and equipment specifications for 

additional requirements. 

 

 

PART 3—EXECUTION 

 

3.01 GENERAL 

 

A. Attachments and braces shall be made in such a manner that the component force is 

transferred to the lateral force-resisting system of the structure. Attachment 

requirements and size and number of braces shall be based on the calculations 

submitted by the Contractor. 

 

B. All anchorage of equipment is specified to be made by cast-in anchor bolts in 

concrete elements unless specifically noted otherwise on the drawings or other 

specification Sections.  Contractor shall be responsible for any remedial work or 

strengthening of concrete elements because of superimposed seismic loading if 

anchor bolts are improperly installed or omitted due to lack of submittal review or 

improper placement for any reason, at no additional cost to the Owner. 

 

C. Anchor bolts shall be provided and installed by the Contractor in accordance with 

Section 05501. Size of anchor bolts and embedment of anchor bolts shall be based 

on the calculations submitted by the Contractor. 

 

D. Details of and calculations for all anchorages shall be submitted and accepted in 

accordance with paragraph 1.03 prior to placement of concrete or erection of other 

structural supporting members.  Submittals received after structural supports are in 

place will be rejected if proposed anchorage method would create an overstressed 

condition of the supporting member.  The Contractor shall be responsible for 

revisions to the anchorages and/or strengthening of the structural support so that 

there is no overstressed condition at no additional cost to the Owner. 

 

 

**END OF SECTION**
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SECTION 01999 

 

REFERENCE FORMS 

 

The forms listed below and included in this section are referenced from other sections of the 

project manual: 
 

Form No. Title 
  

01300-A Submittal Transmittal Form 
  

01660-A Equipment Test Report Form 
  

01730-A Operation and Maintenance Transmittal Form 

01730-B Equipment Record Form 

01730-C Equipment Record Form 
  

09900-A Coating System Inspection Checklist 
  

11000-A Manufacturer's Installation Certification Form 

11000-B Manufacturer's Instruction Certification Form  

11000-C Unit Responsibility Certification Form 

11002-A Rigid Equipment Mount Installation Inspection Checklist 

11060-A Motor Data Form 
  

16000-A Wire and Cable Resistance Test Data Form 

16000-B Installed Motor Test Data Form 

16000-C Dry Transformer Test Data Form 

16000-D Motor Control Center Test Form 

16000-M Starter Panel Test Form 
  

17000-A Loop Wiring and Insulation Resistance Test Data Form 

17000-G Field Switch Calibration Test Data Form 

17000-H Transmitter Calibration Test Data Form 

17000-I Miscellaneous Instrument Calibration Test Data Form 

17000-J Individual Loop Test Data Form 

17000-K Loop Commissioning Test Data Form 

17000-L PLC Control Panel Test Data Form 

17000-M Radio Test Data Form 
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01300-A. SUBMITTAL TRANSMITTAL FORM 

  SUBMITTAL TRANSMITTAL 
 

Submittal Description:           Submittal No:1      
 

  Spec Section:       
 

 Routing Sent Received 

OWNER: Navajo Tribal Utility Authority (NTUA) Contractor/CM   

PROJECT: Dilkon Pass Booster Pump Station and Pipeline CM/Engineer   

 Engineer/CM   

CONTRACTOR: 
 
 

CM/Contractor   

 

We are sending you  Attached     Under separate cover via ________________ 

  Submittals for review and comment  Product data for information only 
 

Remarks:                
 

Item Copies Date 
Section 

No. Description 
Review 
actiona 

Reviewer 
initials 

Review 
comments 
attached 

        

        

        

        

        

 
aNote:  NET = No exceptions taken; MCN = Make corrections noted; A&R = Amend and resubmit; R = Rejected   Attach additional sheets if necessary. 

 

Contractor 

Certify either A or B: 

 A. We have verified that the material or equipment contained in this submittal meets all the requirements, 

including coordination with all related work, specified (no exceptions). 

 B. We have verified that the material or equipment contained in this submittal meets all the requirements 

specified except for the attached deviations. 

No. Deviation 

                                                                                         

                                                                                         

                                                                                        

 
Certified by:    

Contractor's Signature 

 
1See paragraph 01300-4.0 A, Transmittal Procedure. 
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01660-A. EQUIPMENT TEST REPORT FORM  

NOTE: This example equipment test report is provided for the benefit of the Contractor and is not specific to any 

piece of equipment to be installed as a part of this project.  The example is furnished as a means of 

illustrating the level of detail required for the preparation of equipment test report forms for this project. 

 

 

CITY OF SAMPLE 

 

EXAMPLE WATER TREATMENT PLANT 

STAGE IV EXPANSION PROJECT 

 

ABC Construction Company, Inc., General Contractor 

XYZ Engineering, Inc., Construction Manager 

 

 

EQUIPMENT TEST REPORT 

 

 

Equipment Name:   Sludge Pump 2                    

Equipment Number:  P25202                           

Specification Ref:  11390                             

Location:    East Sedimentation Basin Gallery 

 
 

  
  

Contractor Construction Manager 

Verified Date Verified Date 

PREOPERATIONAL CHECKLIST 

Mechanical 

Lubrication      

Alignment      

Anchor bolts     

Seal water system operational     

Equipment rotates freely     

Safety guards     

Valves operational     

Hopper purge systems operational     

Sedimentation tank/hopper clean     

O&M manual information complete     

Manufacturer's installation certificate complete      

Electrical  (circuit ring-out and high-pot tests) 

Circuits:     

Power to MCC 5      

Control to HOA     
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Contractor Construction Manager 

Verified Date Verified Date 

Indicators at MCC:     

Red (running)     

Green (power)     

Amber (auto)     

Indicators at local control panel      

Wiring labels complete     

Nameplates:     

MCC     

Control station     

Control panel     

Equipment bumped for rotation     

Piping Systems 

Cleaned and flushed:     

Suction     

Discharge     

Pressure tests     

Temporary piping screens in place     

Instrumentation and Controls 

Flowmeter FE2502F calibration      

Calibration Report No.  

Flow recorder FR2502G calibrated against 
transmitter 

    

VFD speed indicator calibrated against independent 
reference 

    

Discharge overpressure shutdown switch calibration     

Simulate discharge overpressure Shutdown     

FUNCTIONAL TESTS 

Mechanical 

Motor operation temperature satisfactory     

Pump operating temperature satisfactory     

Unusual noise, etc?     

Pump operation:  75 gpm/50 psig     

Measurement:     

Flow:  

Pressure:   Test gage number:  

Alignment hot     

Dowelled in     

Remarks: 
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Contractor Construction Manager 

Verified Date Verified Date 

 

 
Contractor Construction Manager 

Verified Date Verified Date 

Electrical 

Local switch function:     

Runs in HAND     

No control power in OFF     

Timer control in AUTO     

Overpressure protection switch PS2502C functional 
in both  HAND and AUTO  

    

Overpressure protection switch PS2502C set at 75 
psig 

    

PLC 2500 set at 24-hour cycle, 25 min ON     

OPERATIONAL TEST 

48-hour continuous test.  Pump cycles as specified, 
indicators functional, controls functional, pump 
maintains capacity, overpressure protection remains 
functional, hour meter functional 

    

 

 

RECOMMENDED FOR BENEFICIAL OCCUPANCY 

 

 

 

 

Construction Manager         Date      

 

ACCEPTED FOR BENEFICIAL OCCUPANCY 

 

    

 

 

Owner's Representative        Date      
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01730-A.    OPERATION AND MAINTENANCE TRANSMITTAL FORM 
 

Date:    Submittal No:2   

To:    Contract No:  Contract 3  

  Spec. Section:    

  Submittal Description:    

  From:    

Attention:      

Checklist 

Contractor Construction manager 

Satisfactory N/A Accept Deficient 

1. Table of contents     

2. Equipment record forms     

3. Manufacturer information     

4. Vendor information     

5. Safety precautions     

6. Operator prestart     

7. Start-up, shutdown, and postshutdown procedures     

8. Normal operations     

9. Emergency operations     

10. Operator service requirements     

11. Environmental conditions     

12. Lubrication data     

13. Preventive maintenance plan and schedule     

14. Troubleshooting guides and diagnostic techniques     

15. Wiring diagrams and control diagrams     

16. Maintenance and repair procedures     

17. Removal and replacement instructions     

18. Spare parts and supply list     

19. Corrective maintenance man-hours     

20. Parts identification     

21. Warranty information     

22. Personnel training requirements     

23. Testing equipment and special tool information     

 

Remarks:      

 Contractor's Signature _________________________________

 
2See paragraph 01300-4.0 A, Transmittal Procedure. 
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01730-B.   EQUIPMENT RECORD FORM 

EQUIP DESCRIP EQUIP LOC 

EQUIP NO. SHOP DWG NO. DATE INST COST 

MFGR MFGR CONTACT 

MFGR ADDRESS PHONE 

VENDOR VENDOR CONTACT 

VENDOR ADDRESS PHONE 

 

MAINTENANCE REQUIREMENTS D W M Q S A Hours 

        

        

        

        

LUBRICANTS: RECOMMENDED: 

  ALTERNATIVE: 

MISC. NOTES: 

 

RECOMMENDED SPARE PARTS  ELECTRICAL NAMEPLATE DATA 

PART NO QUAN PART NAME COST  EQUIP 

     MAKE 

     SERIAL NO. ID NO. 

     MODEL NO. FRAME NO. 

     HP V AMP HZ 

     PH RPM SF DUTY 

     CODE INSL. CL DES TYPE 

     NEMA DES C AMB TEMP RISE RATING 

     MISC. 

     MECHANICAL NAMEPLATE DATA 

     EQUIP  

     MAKE  

     SERIAL NO. ID NO. 

     MODEL NO. FRAME NO. 

     HP RPM CAP SIZE 

     TDH IMP SZ BELT NO. CFM 

     PSI ASSY NO.  CASE NO.  

     MISC 
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01730-C.   EQUIPMENT RECORD FORM 

EQUIP DESCRIP EQUIP LOC 

EQUIP NO. SHOP DWG NO. DATE INST COST 

MFGR MFGR CONTACT 

MFGR ADDRESS PHONE 

VENDOR VENDOR CONTACT 

VENDOR ADDRESS PHONE 

 

MAINTENANCE REQUIREMENTS D W M Q S A Hours 
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09900-A COATING SYSTEM INSPECTION CHECKLIST  

 

09900-A Coating System Inspection Checklist 

Project Name Dilkon Pass Booster Pump Station and Pipeline 

Owner Navajo Tribal Utility Authority 

(NTUA) 

Coating System Manufacturer (CSM)  

General Contractor (GC)  Coating System Applicator (CSA)  

Area or Structure  Location within Structure  

Coating System (eg E-1)  Coating Type (eg Epoxy, etc.)  

 

Step Description  Name Signature Date 

1 Completion of cleaning and 

substrate decontamination prior to 

abrasive blast cleaning. 

GC QC    

CSM QC    

CSA QC    

      

2 Installation of protective enclosure 

of structure or area and protection of 

adjacent surfaces or structures that 

are not to be coated. 

GC QC    

CSM QC    

CSA QC    

      

3 Completion of ambient condition 

control in structure or building area 

and acceptance of ventilation 

methods in structure or Area. 

GC QC    

CSM QC    

CSA QC    

      

4 Completion of Surface Preparation 

for Substrates to Be Coated. 

GC QC    

CSM QC    

CSA QC    
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Step Description  Name Signature Date 

5 Completion of Primer Application. GC QC    

CSM QC    

CSA QC    

      

6 Completion of Concrete Repairs If 

Required and Related Surface 

Preparation Rework Prior to 

Coating System Application. 

GC QC    

CSM QC    

CSA QC    

      

7 Completion of Concrete Filler/ 

Surface Application to Concrete. 

GC QC    

CSM QC    

CSA QC    

      

8 Completion of First Finish Coat 

Application and of Detail Treatment 

at Transitions or Terminations. 

GC QC    

CSM QC    

CSA QC    

      

9 Completion of Second Finish Coat 

Application and of Detail Treatment 

at Transitions and Terminations. 

GC QC    

CSM QC    

CSA QC    

      

10 Completion of Full and Proper Cure 

of Coating System. 

GC QC    

CSM QC    

CSA QC    

      

11 Completion of Testing of Cured 

Coating System including 

Adhesion, Holiday (Continuity) 

Testing and Dry Film Thickness. 

GC QC    

CSM QC    

CSA QC    
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Step Description  Name Signature Date 

12 Completion of Localized Repairs to 

Coating System Following Testing. 

GC QC    

CSM QC    

CSA QC    

      

13 Final Acceptance of Coating System 

Installation Including Final Clean-

Up Complying with Specification 

Requirements and the CSM's 

Quality Requirements. 

GC QC    

CSM QC    

CSA QC    
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11000-A.   MANUFACTURER'S INSTALLATION CERTIFICATION FORM 

 

 

Contract No:    Specification section:   

Equipment name:             

Contractor:              

Manufacturer of equipment item:           

 

The undersigned manufacturer of the equipment item described above hereby certifies that 

he has checked the installation of the equipment and that the equipment, as specified in the project 

manual, has been provided in accordance with the manufacturer's recommendations, and that the 

trial operation of the equipment item has been satisfactory. 

 

Comments:              

  

  

  

  

 

 

              
Date      Manufacturer 

 

 

              
Signature of Authorized Representative 

 

 

              
Date      Contractor 

 

 

              
Signature of Authorized Representative 

 



 

Reference Forms 

01999-13 

Dilkon Pass Booster 

Contract Issue 

11000-B.   MANUFACTURER'S INSTRUCTION CERTIFICATION FORM 

 

Contract No:   Specification section: __________________ 

Equipment name:             

Contractor:               

Manufacturer of equipment item:           

 

The undersigned manufacturer certifies that a service engineer has instructed the wastewater 

treatment plant operating personnel in the proper maintenance and operation of the equipment 

designated herein. 

 

Operations Check List (check appropriate spaces) 

Start-up procedure reviewed  

Shutdown procedure reviewed  

Normal operation procedure reviewed  

Others:  

  

  

Maintenance Check List (check appropriate spaces) 

Described normal oil changes (frequency)   

Described special tools required   

Described normal items to be reviewed for wear  

Described preventive maintenance instructions  

Described greasing frequency  

Others:  

  

  

 

 

              
Date      Manufacturer 

 

              
Signature of Authorized Representative 

 

              
Date      Signature of Owner’s Representative 

 

              
Date      Signature of Contractor’s Representative 
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11000-C.   UNIT RESPONSIBILITY CERTIFICATION FORM 

 

(Project Title) 

 

 

CERTIFICATE OF UNIT RESPONSIBILITY 

 for Specification Section   

   

(Section title) 
 

 

In accordance with paragraph 11000-1.02 C of the contract documents, the undersigned 

manufacturer of driven equipment (“manufacturer”) accepts unit responsibility for all 

components of equipment furnished to the Project under specification Section______ , and 

for related equipment manufactured under Sections___ ____, ______, and ______ .  

 

We have reviewed the requirements for Sections 11000 (and 11050 where applicable) and all 

sections referencing this (these) section(s), including but not limited to drivers, supports for 

driving and driven equipment and all other specified appurtenances to be furnished to the 

Project by manufacturer.  And, we have further reviewed, and modified as necessary, the 

requirements for associated variable speed drives and motor control centers.  We hereby 

certify that all specified components are compatible and comprise a functional unit suitable for 

the specified performance and design requirements whether or not the equipment was furnished 

by us.  We will make no claim nor establish any condition that problems in operation for the 

product provided under this specification Section ______ are due to incompatibility of any 

components covered by this Certificate of Unit Responsibility. Nor will we condition or void 

any warranty for the performance of the product of this specification Section ______ due to 

incompatibility of any components covered under this Certificate of Unit Responsibility. 

 

Our signature on this Certificate of Unit Responsibility does not obligate us to take 

responsibility for, nor to warrant the workmanship, quality, or performance of related 

equipment provided by others under specification Sections ______, ______, and  ______.  Our 

obligation to warranty all equipment provided by us shall remain unaffected. 

 

     
 Notary Public    Name of Corporation 

 

     
 Commission expiration date  Address 

 

 Seal:  By:     
Duly Authorized Official 

 

     
 Legal Title of Official 

 

 Date:    
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11002-A.  RIGID EQUIPMENT MOUNT INSTALLATION CHECKLIST 

 

(CLIENT, PROJECT NAME) 

 

 

Equipment Tag No.:          Date:      

 

Grout Product Name and Type:   ___________________________________________________ 

 

Grouting System Manufacturer:   ___________________________________________________ 

 

Grouting Application Contractor:   __________________________________________________ 

 

General Contractor:   _____________________________________________________________ 

 

Step 1:  Verify Equipment Anchor Installation Conformance to Equipment Pad 

Details 

 

 

Name:         Date___/___/___ 

 Contractor Rep.    

 

Name:         Name:        

 Construction Manager       Millwright 

 

 

Step 2:  Completion of Cleaning and Concrete Substrate Preparation Prior to 

Grouting 

 

 

Name:         Date___/___/___ 

 Contractor Rep.    

 

Name:         Name:        

 Construction Manager       Grouting Contractor Rep. 

 

Name:        

 Grout Manufacturer’s Technical Rep. 

 

Step 3:  Equipment Leveling 

 

 

Name:         Date___/___/___ 

 Contractor Rep.    

 

Name:         Name:        

 Construction Manager       Millwright 
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Step 4:   Installation of Protection of Adjacent Surfaces or Structures  

  NOT TO BE GROUTED 

 

 

Name:         Date___/___/___ 

  Contractor Rep.     

 

Name:         Name:        

 Construction Manager       Grouting Contractor Rep. 

 

Name:        

 Grout Manufacturer’s Technical Rep. 

 

 

Step 5:   Preparation and Construction of Forms and Epoxy Grout Filling 

Standpipes 

 

 

Name:         Date___/___/___ 

        Contractor Rep.     

 

Name:         Name:        

 Construction Manager       Grouting Contractor Rep. 

 

Name:        

 Grout Manufacturer’s Technical Rep. 

 

 

Step 6: Completion of Ambient Condition Control in Structure or Building Area 

and Acceptance of Ambient Conditions as They Apply to Application and 

Curing Requirements for the Grouting System 

 

 

Name:         Date___/___/___ 

 Contractor Rep. 

 

Name:         Date___/___/___ 

 Grouting Contractor Rep. 

 

Name:         Date___/___/___ 

 Grout Manufacturer’s Technical Rep. 

 

Name:         Date___/___/___ 

 Construction Manager 
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Step 7:   Epoxy Grout Installation 

 

 

Name:         Date___/___/___ 

 Contractor Rep.     

 

Name:         Name:        

 Construction Manager       Grouting Contractor Rep. 

 

Name:        

 Grout Manufacturer’s Technical Rep. 

 

 

Step 8:  Completion of Full and Proper Cure of Epoxy Grout 

 

 

Name:         Date___/___/___ 

 Contractor Rep. 

 

Name:         Date___/___/___ 

 Grouting Contractor Rep. 

 

Name:         Date___/___/___ 

 Grout Manufacturer’s Technical Rep. 

 

Name:         Date___/___/___ 

 Construction Manager 

 

 

Step 9:  Completion of Localized Repair of Grout Voids 

 

 

Name:         Date___/___/___ 

 Contractor Rep. 

 

Name:         Date___/___/___ 

 Grouting Contractor Rep. 

 

Name:         Date___/___/___ 

 Grout Manufacturer’s Technical Rep. 

 

Name:         Date___/___/___ 

 Construction Manager 
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Step 10: Final Acceptance of Grouting System Installation Including Final Clean-Up 

of the Work Site Complying with All Specification Requirements and the 

GSM's Quality Requirements 

 

 

Name:         Date___/___/___ 

 Contractor Rep. 

 

Name:         Date___/___/___ 

 Grouting Contractor Rep. 

 

Name:         Date___/___/___ 

 Grout Manufacturer’s Technical Rep. 

 

Name:         Date___/___/___ 

 Construction Manager 
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11060-A.  MOTOR DATA FORM 

 

Equipment Name:       Equipment No(s):       

 

Project Site Location:            

 

Nameplate Markings 

 

Mfr:   Mfr Model:  Frame:  Horsepower:  

Volts:  Phase:  RPM:  Service Factor:  

FLA:  LRA:  Frequency:  Amb Temp Rating: ºC 

Time rating:  Design Letter:  
 (NEMA MG1-10.35)  (NEMA MG-1.16) 

KVA Code Letter:  Insulation Class:  

 

The following information is required for explosion-proof motors only: 

 

A. Approved by UL for installation in Class _____, Div _____, Group _____   

 

B. UL frame temperature code ____      (NEC Tables 500-8B) 

 

The following information is required for all motors 1/2 horsepower and larger: 

 

A. Guaranteed minimum efficiency         
(Paragraph 11060-2.04 G) 

B. Nameplate or nominal efficiency        

 

Data Not Necessarily Marked on Nameplate 

 

Type of Enclosure:  Enclosure Material:  

Temp Rise:  ºC  (NEMA MG1-12.41,42) 

Space Heater included?    Yes    No If Yes: Watts Volts 

Type of motor winding over-temperature protection, if specified:   

 

Provide information on other motor features specified: 

  

 



 

Reference Forms 

01999-20 

Dilkon Pass Booster 

Contract Issue 

16000-A.  WIRE AND CABLE RESISTANCE TEST DATA FORM 

 

 

Wire or Cable No.:       Temperature, oF:      

 

 

Location of Test 
Insulation resistance, 

megohms 

1.  

2.  

3.  

4.  

5.  

6.  

7  

. 

 

 

 

 

 

 

 

 

 

 

 

 

CERTIFIED          Date       
Contractor's Representative 

 

 

 

WITNESSED          Date       
Owner's Representative 
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16000-B.  INSTALLED MOTOR TEST FORM 

 
Motor Equipment Number:        Date of test:      
 
Equipment Driven:             
 
MCC Location:             
 

 Ambient temp oF 

Resistance: 

Insulation resistance phase-to-ground megohms: 

Phase A  Phase B  Phase C  

Current at Full Load: 

Phase  Current, amps   

Phase   Current, amps  

Phase   Current, amps  

Thermal Overload Device: Manufacturer/catalog #  Amperes  

Circuit breaker (MCP) setting:   

 

Motor Nameplate Markings: 
 

Mfr   Mfr Model  Frame  HP  

Volts  Phase  RPM  Service factor**  

Amps  Freq  Ambient temp rating ºC 

Time rating  Design letter**  

 (NEMA 1-10.35)  (NEMA MG-1.16) 

Code letter  Insulation class  

**Required for 3-phase squirrel cage induction motors only. 

 

 

 

CERTIFIED          Date       
Contractor's Representative 

 

 

 

WITNESSED          Date       
Owner's Representative 
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16000-C.  DRY TRANSFORMER TEST DATA FORM 

 
(Note: Use Data Form for dry type transformers with voltage rating of 600 Vac or less and sizes to 167 kVA single phase 

and 500 kVA three phase. Use NETA Test Forms and Test Procedures for higher voltages and larger transformers.) 

 

Equipment Tag No.:        Temperature Rating:      

Description/Location:         Feeder size/Source:      

Primary Voltage:     Secondary Voltage: _____  Winding Connection: ______________ 

 
A. VISUAL INSPECTION 
 

Transformer Inspection Pass Fail Note 

1. Nameplate data as specified    

2. Mechanical condition    

a. Free of dents and scratches    

b. Anchored properly    

c. Shipping brackets removed    

d. Spacing from wall per nameplate    

3. Grounding *    

a. Equipment grounding     

b. System grounding    

 
B. INSULATION-RESISTANCE TESTS: 
 

Perform tests with calibrated megohmeter. Apply 1000 Vdc test voltage for 60 seconds and record 
readings in megohms at 30-seconds and 60-seconds intervals. 
 

Test Group 
Resistance 
between 

30-second 
reading  

60-second 
reading 

Absorption Ratio 
Index 

60-sec. / 30-sec. 

Primary Winding  
to ground 

A GRD    

B GRD    

C GRD    

Secondary Winding   
to ground with * N-G 
Bond removed 

a GRD    

b GRD    

c GRD    

Primary Winding to 
Secondary Winding 

A a    

B b    

C c    

 

Submit resistance readings to the Construction Manager immediately after the tests that are less than 

the manufacturer's recommended value or less than 10-megohms. Record the Absorption Ratio 

Index values for future reference. Ratio must be 1.0 or greater, with infinity (∞) equal to 1.0. 

 

Contractor Representative Certified: ______________________________   Date     

 

Owner Representative Witnessed:        Date     
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16000-D.  MOTOR CONTROL CENTER TEST FORM 

 

 

Equipment No.:     Ambient room temperature:   

 

Location:     

 

 

A. MECHANICAL CHECK: 

 

 All bolted connections either bus to bus or cable to bus shall be torqued to the manu-

facturer's recommendations. 

 

B. ELECTRICAL TESTS: 

 

  1. Measure insulation resistance of each bus section phase to phase and phase 

to ground for 1 minute using a megohmmeter at 1000 volts. 

 

Test results (megohms) 

Phase Phase 

A-GRD  A-B  

B-GRD  B-C  

C-GRD  C-A  

 

  2. Set the circuit breaker in the starter unit to comply with the requirements of 

NEC, Article 430-52 and Table 430-152. 

 

  3. Motor overload heater elements shall be sized and installed based on the 

actual nameplate full load amperes of the motor connected to the starter. 
 

 

 

 

 

CERTIFIED          Date       
Contractor's Representative 

 

 

 

WITNESSED          Date       
Owner's Representative 
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16000-M.  STARTER PANEL TEST DATA FORM 

 

 

Location:     

 

 

A. PHYSICAL TEST: 

 

 List any discrepancies with respect to the panel specifications: 

 

  1. Dimensions, component layout and wiring specifications. 

 

  2. Panel and component hardware. 

 

  3. Quality of Workmanship (wiring and general panel assembly). 

 

  4. Inventory of all panel parts and documentation (operations and maintenance 

manual). 

 

B. FUNCTIONAL TEST: 

 
   

Components 

Disconnect Switch  

HOA Switch - Auto  

HOA Switch - Off  

HOA Switch - Hand  

  

  

  

  

  

  

 

 

 

 

 

 

CERTIFIED          Date       
Contractor's Representative 

 

 

 

WITNESSED          Date       
Owner's Representative 
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17000-A.  LOOP WIRING AND INSULATION RESISTANCE TEST DATA FORM 

 

 

Loop No.:       

 

 

List all wiring associated with a loop in table below.  Make applicable measurements as indicated 

after disconnecting wiring. 

 

Wire No. Panel Tie Field TB 

Continuity Resistancea Insulation Resistanceb 

Cond./  
Cond. 

Cond./ 
Shield 

Shield/ 
Gnd. 

Shield/ 
Cond. 

Cond./ 
Gnd. 

Shield/ 
Shield 

A   -- (A/SH)     

B   (A/B) --     

C   (A/C) --     

D   (A/D) --     

etc.         

 
NOTES: 
 
 a. Continuity Test.  Connect ohmmeter leads between wires A and B and jumper opposite ends together.  Record 

resistance in table.  Repeat procedure between A and C, A and D, etc.  Any deviation of +2 ohms between any 
reading and the average of a particular run indicates a poor conductor, and corrective action shall be taken before 
continuing with the loop test. 

 
 b. Insulation Test.  Connect one end of a 500 volt megger to the panel ground bus and the other sequentially to 

each completely disconnected wire and shield.  Test the insulation resistance and record each reading. 
 

 

 

 

 

 

CERTIFIED          Date       
Contractor's Representative 

 

 

 

WITNESSED          Date       
Owner's Representative 
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17000-G.  FIELD SWITCH CALIBRATION TEST DATA FORM 

 

 

Tag No. and Description:    

 

Make & Model No.:        Serial No:       

 

Input:         

 

Range:        

 

Set Point(s):        

 

 

Simulate process variable (flow, pressure, temperature, etc.) and set desired set point(s).  Run 

through entire range of switch and calculate deadband. 

 

 Incr. Input Decr. Input Calc. Required 
Set Point Trip Point Trip Point Deadband Deadband 

     

     

     

     

     

     

     

     

     

     

     

     

 

 

 

CERTIFIED          Date       
Contractor's Representative 

 

 

 

WITNESSED          Date       
Owner's Representative 
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17000-H.  TRANSMITTER CALIBRATION TEST DATA FORM 

 

 

Tag No. and Description:    

 

Make & Model No.:        Serial No.:       

 

Input:         

 

Output:        

 

Range:         Scale:       

 

 

Simulate process variable (flow, pressure, temperature, etc.) and measure output with appropriate 

meter. 

 

% of Range Input Expected Reading Actual Reading % Deviation 

0     

50     

100     

% Deviation Allowed:  

 

 

 

 

 

 

 

 

 

 

CERTIFIED          Date       
Contractor's Representative 

 

 

 

WITNESSED          Date       
Owner's Representative 
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17000-I.  MISCELLANEOUS INSTRUMENT CALIBRATION TEST DATA FORM 

 

 

(For instruments not covered by any of the preceding test forms, the Contractor shall create a form 

containing all necessary information and calibration procedures.) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

CERTIFIED          Date       
Contractor's Representative 

 

 

 

WITNESSED          Date       
Owner's Representative 
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17000-J.  INDIVIDUAL LOOP TEST DATA FORM 

 

 

Loop No.:       

 

 

Description:  (Give complete description of loop's function using tag numbers where appropriate.) 

 

 

P&ID No.:  (Attach copy of P&ID.) 

 

 a. Wiring tested:  

  (Attach test form 17000-A) 

 

 b. Not used. 

   

 c. Instruments calibrated: 

  (Attach test forms 17000-G through I) 

 

 d. List step-by-step procedures for testing loop parameters.  Test loop with instruments, 

including transmitters and control valves, connected and functioning.  If it is not 

possible to produce a real process variable, then a simulated signal may be used with 

the Construction Manager's approval. 

 

 

 

 

 

 

 

 

 

 

 

 

CERTIFIED          Date       
Contractor's Representative 

 

 

 

WITNESSED          Date       
Owner's Representative 
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17000-K.  LOOP COMMISSIONING TEST DATA FORM 

 

 

Loop No.:        

 

 a. Loop tested: 

  (Attach test form 17000-J) 

 

 b. Controlled or connected equipment tests confirmed: 

 

 c. Give complete description of loop's interface with process. 

 

 d. With associated equipment and process in operation, demonstrate automatic 

start/stop and control operation. 

 

   

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

CERTIFIED          Date       
Contractor's Representative 

 

 

 

WITNESSED          Date       
Owner's Representative 
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17000-L.  PLC CONTROL PANEL TEST DATA FORM 

 

 

Location:     

 

 

A. PHYSICAL TEST: 

 

 List any discrepancies with respect to the panel specifications: 

 

  1. Dimensions, component layout and wiring specifications. 

 

  2. Panel and component hardware. 

 

  3. Quality of Workmanship (wiring and general panel assembly). 

 

  4. Inventory of all panel parts and documentation (operations and maintenance 

manual). 

 

B. FUNCTIONAL TEST: 

 
   

Discrete Inputs 

1  

2  

3  

4  

5  

6  

7  

8  

9  

10  

11  

12  

13  

14  

15  

16  

 

Discrete Outputs 

1  

2  

3  
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4  

5  

6  

7  

8  

9  

10  

11  

12  

 

 

Analog Inputs 

Loop Powered  

Loop Powered  

Self Powered  

Self Powered  

 

Analog Outputs 

Loop Powered  

Loop Powered  

 

Power 

24 VDC Power  

12 VDC Power  

PS Fail Relay  

GFI  

Radio Power  

Touchscreen  

 

 

Comments:     

 

 

 

 

 

 

CERTIFIED          Date       
Contractor's Representative 

 

 

 

WITNESSED          Date       
Owner's Representative 
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17000-M.  RADIO TEST DATA FORM 

 

 

Location:     

 

Radio Model Number:     

 

 

A. PHYSICAL TEST: 

 

  1. Reflected Power:     

 

  2. Radio System Address:     

 

3. RSSI reading (Remote):     

 

4. Mode:     

 

5. Long Polling (Master), Buff = OnData 

 

6. Interface Parameters: 

 

a. Baud Rate:     

 

a. Data Bits:     

 

a. Parity:     

 

7. Quality of Workmanship – Antenna/Cable assmebly:     

 
   

 

 

 

 

 

CERTIFIED          Date       
Contractor's Representative 

 

 

 

WITNESSED          Date       
Owner's Representative
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SECTION 02100 

 

SITE PREPARATION 

 

 

PART 1--GENERAL 

 

1.01 DESCRIPTION 

 

A. SCOPE: 

 

 This section specifies site preparation which consists of clearing, grubbing, demolition and 

salvage. 

 

Removal and disposal of electrical Work is included in Division 16.  Coordinate with the 

subcontractor and Owner for all materials required to be turned over to Owner.   

 

 B. EXISTING CONDITIONS: 

 

 The CONTRACTOR shall determine the actual condition of the site as it affects this portion 

of work. 

 

 C. PROTECTION: 

 

 Site preparation shall not damage existing utilities to remain in service, structures, 

landscaping or vegetation adjacent to the site.  The CONTRACTOR shall repair or replace any 

damaged property. 

 

Demolition activities shall not damage utilities to remain in service, structures, landscaping 

or vegetation adjacent to the site.  The Contractor shall repair or replace any property damaged by 

demolition activities. 

D. DEFINITIONS 

 

1. REMOVAL:  Facilities to be removed shall be completely removed from the 

site as shown and specified in the Contract Documents. Disposal shall 

conform to applicable codes and procedures when hazardous or contaminated 

materials are removed and disposed of.  

 

2. ABANDON: Facilities to be abandoned shall remain in place and be 

abandoned in accordance with procedures as shown and specified in the 

Contract Documents. 

 

3. SALVAGE:  Equipment and appurtenances to be salvaged shall be removed 

without damage and delivered to Owner as shown and specified in the 

Contract Documents. 
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PART 2--PRODUCTS 

 

 No products are included in this section. 

 

 

PART 3--EXECUTION 

 

3.01 CLEARING AND GRUBBING 

 

 Unless otherwise specified, the CONTRACTOR shall remove obstructions such as brush, 

trees, logs, stumps, roots, heavy sod, vegetation, rock, stones larger than 6 inches in any dimension, 

broken or old concrete and pavement, debris, and structures where the completion of the work 

require their removal. 

 

 Material that is removed and is not to be incorporated in the work shall be properly disposed 

of off the site in accordance with local, state and federal regulations. 

 

3.02 DEMOLITION AND REMOVAL 

 

 A. STRUCTURES: 

 

 The existing booster pump station shall remain in service during construction of the 

replacement booster pump station.  After construction, testing and start-up activities are complete, 

and before Final Completion, the Contractor shall demolish the existing booster pump station.  

 

Demolition and removal of the existing booster pump station consists of cutting and capping 

existing inlet and outlet pipes downstream and upstream of existing gate valves respectively, closing 

existing gate valves, removal of the existing structure, as well as removal of flush valve assemblies, 

fittings, and piping. Material that is removed shall be properly disposed of off-site in accordance 

with local, state, and federal regulations.  

 

The existing PRV valve vault shall be removed, to a point three feet below existing or 

proposed grade, whichever is lower.  Contractor shall dispose of the existing manhole frame/cover 

and crack the vault base to permit drainage prior to backfill.  Vaults and excavations shall be cleared 

of waste, debris and loose soil, and backfilled with clean, compacted Type C fill per Section 02200. 

Backfill shall match existing finished grades. 

 

Excavations shall be cleared of waste, debris and loose soil, and backfilled with clean, 

compacted Type C fill per Section 02200. Backfill shall match existing finished grades. 

 

 The Contractor shall protect all existing utilities and related structure along the 

interconnection pipeline alignment and in the area of Work. Contractor shall coordinate with 

utilities to determine utility locations and required removal or protection procedures.   
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 B. PAVEMENT: 

 

 When portions of asphalt pavements and concrete pads are to be removed and later 

construction is to be connected, edges shall be saw cut, on a neat line at right angles to the edge of 

pavement. 

 

 C. SALVAGE: 

 

 The Owner has the right to salvage any items scheduled for removal.  The CONTRACTOR 

shall notify the CONSTRUCTION MANAGER 15 days prior to any salvage or demolition work to 

determine the disposition of items to be removed.  The CONSTRUCTION MANAGER will mark 

items to be salvaged.  Such items shall be properly disconnected, removed from their foundations, 

cleaned, and stored at a location on site as directed by the CONSTRUCTION MANAGER. 

 

3.03 UTILITY INTERFERENCE 

 

 Where existing utilities interfere with the prosecution of the work, the CONTRACTOR 

shall protect or relocate them in accordance with Division 0. 

 

**END OF SECTION**
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SECTION 02160 

 

HORIZONTAL DIRECTIONAL DRILLING 

 

 

PART 1 – GENERAL 

 

1.01 DESCRIPTION 

 

 A. SCOPE: 

 

This Section specifies installation of product pipe by horizontal directional drilling 

(HDD) or directional boring. 

  

The Contractor shall provide all services, equipment, material, and labor necessary for the 

complete and proper installation and testing of the product pipeline by directional drilling methods. 

 

The Contractor shall be responsible for investigating existing soils and subsurface 

conditions to select appropriate equipment and methods. The Contractor shall include in the bid 

price the cost of any geotechnical borings along the pipe alignment which may be necessary to 

design and install the directionally drilled crossing  

 

Work shall be completed in accordance with industry standards and in accordance with 

all local, state and federal regulations. All applicable permits and applications must be in place 

prior to start of work  

 

 

B. REFERENCE STANDARDS 

 

The publications listed below form part of this specification to the extent referenced and 

are referred to in the text by the basic designation only. References shall be made to the latest 

edition of said standards unless otherwise called for. 

 

Reference Title 

ASTM F1962 Standard Guide for Use of Maxi-Horizontal Directional 

Drilling for Placement of Polyethylene Pipe or Conduit 

under Obstacles 

  

  

IHS Standard Drawing No W-33 
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1.02 QUALITY ASSURANCE 

 

A. QUALIFICATIONS 

All directional drilling operations shall be performed by qualified directional drilling 

contractor who has at least five (5) years experience involving work of a similar nature. The 

contractor must have installed a minimum of 10,000 linear feet of pipe (6-inch diameter or 

greater) using directional drilling operations in the last five (5) years. The directional drilling 

contractor shallsupply a list of project references, prior to job commencement. 

The HDD field supervisor and HDD equipment operator shall have a minimum of 2 years 

experience in the operation of the equipment being used. The field supervisor shall be on-site at 

all times during the preparation and execution of the horizontal directional drilling operation. 

B.  CONTROL OF LINE AND GRADE 

 

The Contractor shall use electronic guidance instrumentation to monitor and adjust the drill head. The 

guidance system shall provide data establishing the horizontal and vertical location of the drill head 

throughout the bore and provide readings at sufficient intervals to allow for slope and steering adjustment to 

maintain line and grade. 

 

The Contractor shall maintain a daily drilling operation log and guidance system log.  An as-built sketch 

of the finished pilot hole shall be furnished as part of the record drawings.  

 

C. HORIZONTAL CONTROL 

 

Survey work including location of existing utilities and geotechnical investigations, and control 

points for bore path determination, product pipe locating and tracking shall be provided by a 

surveyor licensed in the State of Arizona 

 

1.03 SUBMITTALS 

 

Submit the following prior to commencement of the Work: 

A. Contractor’s Experience Record: Furnish document(s) supporting the directional 

drilling Contractor's qualifications and experience. Information provided shall be 

sufficient to demonstrate compliance with Section 1.02. A and include all personnel 

including backup personnel in the event that an individual is unavailable. 

B. Material: Submit product data for HDD pipe, fittings, appurtenances, and other 

materials provided under this section.  

C. Work Plan: Submit a work plan detailing the procedure and schedule for 

mobilization and setup, drilling, back reaming and pipe installation, demobilization 

and restoration. The plan shall include a description of all equipment and tools to be 

used, a list of all personnel, list of subcontractors, safety plan (including MSDS of 
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any potentially hazardous substances to be used), an environmental protection plan, 

and contingency plan.   

 The Work plan should be comprehensive demonstrating the thoughtful planning 

required to successfully complete the project and based on actual site and working 

conditions for the project. 

D. Bore Plan:  Submit a pilot bore plan showing grades, entry and exit angles, 

deflection and radiuses of the pilot bore, existing utilities with minimum vertical 

and horizontal clearances and cover over the installed pipe.  Provide the location 

of the drill rig setups, the bore lengths, soil conditions along the path.  

 

E. Design Calculations: Submit calculations demonstrating the provided pipe is 

adequate for the service and installation conditions. Maximum allowable safe loads 

on the pipe and the anticipated loads during installation along the proposed bore 

path shall be provided. 

 

F. Drilling Equipment: Submit product data for directional drilling equipment to be 

used demonstrating the equipment is adequate to complete the project based on 

existing site conditions.  Equipment list is to include but not be limited to: drilling 

rig, down-hole tools, guidance system, and rig safety systems. Include calibration 

records for guidance equipment.   

G. Drilling Fluid (Mud) System: Submit product data for drilling fluid system 

materials and equipment to be used demonstrating adequacy for the existing site 

conditions.  Submittal shall include but not be limited to: mud system, mud motors, 

drilling fluid properties including any product data and MSDS sheets for bentonite 

and additives. Submittal shall also identify disposal sites for drilling fluid, cuttings 

disposal and provide procedures for handling and disposal of cuttings and drilling 

fluid. 

Submit the following Record information: 

H. Submit utility pothole locations and results 

I. Submit geotechnical borings and soil analysis performed.  

J. Submit Logs of HDD operations including daily logs, thrust, torque, pull back load 

or push back load, and slurry flow rate recorded at a minimum of every 20 feet of 

pipe length installed. 

1.04 DESIGN REQUIREMENTS 

 

Contract Drawings includes an approximate drill path with entry and exit locations. The 

Contractor shall review and modify the drill path shown based on the selected means and 

methods for HDD installation and results of any site investigations performed by the Contractor. 
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The Contractor’s bore path plan shall be in accordance with accepted industry standards for 

performance of the Work and meet the minimum requirements as specified including minimum 

cover and bending radius of the pipe. Contractor shall determine actual bore lengths and length 

of pipe needed for installation including any allowance for the pipe to recover and relax from 

installation loads and other conditions. 

 

The Contractor shall determine the handling and installation loads for all phases of the work.  

Contractor shall include forces resulting from frictional resistance between the pipe and the 

borehole, frictional resistance from the pipe and the ground, forces from bends, hydrokinetic 

drag, resistance due to pipe stiffness, as well as other installation and handling loads as 

applicable.  Contractor shall determine allowable loads for the pipe including the appropriate 

factor of safety for successful installation, however, the factor of safety shall not be less than 2.0 

for the yield stress of the pipe material nor shall it exceed the recommended limits identified by 

the pipe manufacturer, whichever is more stringent. 

 

Determine appropriate size of reamed borehole and drilling fluid required for the existing 

soils, ground water and site specific requirements, to reduce forces applied to the pipe during 

pull back and to prevent hydrofracturing of soil and loss of drilling fluid.  

 

PART 2 – PRODUCTS 

 

2.01.1 EQUIPMENT 

 

The directional drilling equipment shall consist of a directional drilling rig of sufficient 

capacity to perform the bore and pullback the pipe, a drilling fluid mixing and delivery system of 

sufficient capacity to successfully complete the crossing, a guidance system to accurately guide 

boring operations and trained and competent personnel to operate the system.  

 

All equipment shall be in good, safe operating condition with sufficient supplies, materials 

and spare parts on hand to maintain the system in good working order for the duration of this 

project. 

 

2.02 PIPE 

 

Product pipe shall be provided as shown on the contract drawings and suitable for 

installation by HDD.  

 

A. High Density Polyethylene Pipe: HDPE Pipe shall be in accordance with Section 

15065 with an outside diameter conforming to ductile iron pipe sizes (DIPS). 

Minimum thickness shall be as determined by the Contractor’s calculations but 

not less than DR 11.  

B. Steel Casing Pipe: NOT NEEDED. 

 

2.03 DRILLING FLUID 



Horizontal Directional Drilling 

02160-5 

Dilkon Pass Booster 

Contract Issue 

 

Drilling fluid shall be a mixture of bentonite and water. Water shall be from a clean 

source with a pH of 8.5 to 10 and/or per the mixing requirements of the manufacturer.  

 

Admixtures to improve the physical qualities of the mixture may be provided subject to 

acceptance by the Engineer.  Admixtures shall be inert and non-toxic.  

 

Drilling fluid viscosities shall be sufficient to suspend cuttings and maintain the integrity 

of bore wall based on the project soil and groundwater conditions.  

 

2.04 GUIDANCE SYSTEM 

 

The Guidance System shall be of a proven type and shall be setup and operated by 

personnel trained and experienced in its proper use. The system shall provide a continuous and 

accurate determination of the location of the drill head during the drilling operation and capable 

of tracking at the maximum depth required in the existing soil conditions. It shall enable the 

driller to guide the drill head by providing immediate information to the tool face, azimuth 

(horizontal direction), and inclination (vertical direction).  

 

If a magnetic system is provided, the Contractor shall be responsible to identify any 

conditions creating magnetic anomalies such as but not limited to over-head power lines. The 

Contractor shall consider such influences in the selection and operation of the guidance system 

and shall use alternate methods to maintain the required slope and alignment as required. 

 

2.05 PIPE ROLLERS 

 

Pipe rollers shall be provided to fully support the weight of the pipe during hydrotesting 

and pull-back operations.  

 

PART 3 – EXECUTION 

 

3.01.1 GENERAL 

 

The Contractor shall notify the Engineer 48 hours prior to commencing work.  

 

Prior to the start of drilling, existing utilities in proximity to the bore path shall be 

identified and located horizontally and vertically.  A minimum of 18-inches shall be maintained 

between outer edges of the water main and any other utility 

 

Excavation, backfill, and compaction of entry, exit, recovery pits, slurry sump pits or 

other excavations shall be in accordance with Section 02200, Earthwork. 

 

3.02  PILOT HOLE 
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Pilot holes shall be drilled on the accepted bore path with no deviations greater than 2.5% 

of line or grade over a length of 100 feet. Minimum cover shall not be less than specified and 

line shall maintain a separation of 18-inch minimum from exiting utilities and ROW boundaries. 

If deviation outside the stated tolerance occurs, Contractors shall notify the Engineer and shall be 

required to pull-back and re-drill to correct the deviation at no additional cost to the Owner if so 

determined by the Engineer.  

 

3.03 PREREAM AND PULLBACK 

 

A swivel shall be installed between the molehead/reamer and pipe connection to 

minimize torsional stress imposed on the pipe and allow the reamer to turn without rotating the 

pipe. 

 

Water shall be provided to ballast the pipe as it is pulled below grade. Water shall be 

metered into the front end of the pipe string and anchored in place as pipe is pulled. 

 

The pullback shall be conducted in one continuous operation to limit the potential for 

binding of the pipe in the hole, unless layout room is not sufficient for pipe stringing. All pipe 

pulled through the pilot holes shall have two (2) continuous tracer wires securely fixed to the 

pipe. Wire shall be #12 copper. 

 

The leading edge of the pipe shall be examined for significant external damage after pull-

back. If the pipe is deemed by the Engineer to have suffered significant damage, the damaged 

pipe shall be cut off and additional pipe pulled through the hole prior to the relaxation period. 

 

Due to the elastic properties of the pipe, the pipe shall be relaxed for one overnight period 

in order to return to its original pre-pull length. The pipe shall be installed past the tie-in point, 

according to manufacturers’ recommendations, to accommodate thermal as well as tensile forces 

in the pipe. 

 

3.04 HANDLING OF DRILLING FLUIDS AND CUTTINGS 

 

Provide adequate measures for handling and disposal of drilling fluid and cuttings. 

Piping, pumps, storage containers shall be water-tight and the Contractor shall take measures to 

guard against leakage of drilling fluid including use of drilling tools and procedures which will 

minimize the unintentional discharge of any drill fluids. Drilling fluid and cuttings shall not be 

discharged into any waterway, storm drain, sanitary sewer or other such conveyance, nor shall it 

be disposed of at the work site.   

 

Pits constructed at the entry or exit point area shall be so constructed to completely 

contain the drill fluid and prevent its escape. The Contractor shall stockpile haybales at the 

drilling site to contain an inadvertent bentonite slurry return. Any haybales used for containment 

of slurry shall be removed from the site and properly disposed of at the completion of the work. 
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Regulate the pressure of drilling fluid and conduct drilling operations in such a manner 

that minimizes potential for drilling fluid to migrate to the surface or collapse the provided pipe.  

 

3.05 PIPE TESTING 

 

 All water pipe shall meet the testing requirements as described in Section 15065. 

 

3.06 SITE RESTORATION 

 

Following successful testing of the pipe, Contractor shall demobilize equipment and restore 

the site to original condition. All excavations shall be backfilled and compacted to a 

minimum of 90% density.   

 

**END OF SECTION**
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SECTION 02200 

 

EARTHWORK 

PART 1--GENERAL 

 

1.01 DESCRIPTION 

 

 A. SCOPE: 

 

This section specifies earthwork which consists of excavation, filling, grading, and disposal 

of excess material. 

 

 B. DEFINITIONS: 

 

1. COMPACTION:  The degree of compaction is specified as percent 

compaction.  Maximum or relative densities refer to dry soil densities 

obtainable at optimum moisture content. 

 

2. EXCAVATION SLOPE:  Excavation slope shall be defined as an inclined 

surface formed by removing material from below existing grade. 

 

3. EMBANKMENT SLOPE:  Embankment slope shall be defined as an 

inclined surface formed by placement of material above existing grade. 

 

4. EMBEDMENT ZONE: Embedment zone shall be defined as the area from 

the trench bottom to a level at least 12-inches over the top of the pipe 

including bedding, haunching and initial backfill. 

 

1.02 QUALITY ASSURANCE 

 

 A. REFERENCES: 

 

This section contains references to the following documents.  They are a part of this section 

as specified and modified.  Where a referenced document contains references to other 

standards, those documents are included as references under this section as if referenced 

directly.  In the event of conflict between the requirements of this section and those of the 

listed documents, the requirements of this section shall prevail. 

 

Unless otherwise specified, references to documents shall mean the documents in effect 

at the time of Advertisement for Bids or Invitation to Bid (or on the effective date of the 

Agreement if there were no Bids). If referenced documents have been discontinued by the 

issuing organization, references to those documents shall mean the replacement 

documents issued or otherwise identified by that organization or, if there are no 

replacement documents, the last version of the document before it was discontinued. 

Where document dates are given in the following listing, references to those documents 
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shall mean the specific document version associated with that date, whether or not the 

document has been superseded by a version with a later date, discontinued or replaced. 

 

 

Reference Title 

ASTM C131 Standard Test Method for Resistance to Degradation of Small-Size 

Coarse Aggregate by Abrasion and Impact in the Los Angeles 

Machine 

ASTM C136 Standard Method for Sieve Analysis of Fine and Coarse Aggregates 

ASTM D1556 Test Method for Density of Soil in Place by the Sand-Cone Method 

ASTM D1557 Test Methods for Moisture-Density Relations of Soils and Soil-

Aggregate Mixtures Using 10-lb (4.5-kg) Rammer and 18-in. 

(457-mm) Drop 

ASTM D2419 Standard Test Method for Sand Equivalent Value of Soils and Fine 

Aggregate 

ASTM D 4253 Standard Test Methods for Maximum Index Density and Unit Weight 

of Soils Using a Vibratory Table 

ASTM D4318 Standard Test Methods for Liquid Limit, Plastic Limit, and Plasticity 

Index of Soils 

ASTM D6938 Standard Test Methods for In-Place Density and Water Content of 

Soil and Soil-Aggregate by Nuclear Methods (Shallow Depth) 

 

 B. TESTS: 

 

The CONTRACTOR will take samples and perform moisture content, gradation, 

compaction, and density tests during placement of backfill materials to check compliance 

with these specifications.  The CONTRACTOR shall remove surface material at locations 

designated by the CONSTRUCTION MANAGER and provide such assistance as necessary 

for sampling and testing.  The CONSTRUCTION MANAGER may direct the 

CONTRACTOR to construct inspection trenches in compacted or consolidated backfill to 

determine that the CONTRACTOR has complied with these specifications.   

 

Tests will be made by the CONTRACTOR in accordance with the following: 

 

Test Standard Procedure 

Moisture content ASTM D6938 

Gradation ASTM C136 

Density in-place ASTM D1556 or 

D6938 

Moisture-density relationships ASTM D1557 
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The CONTRACTOR shall provide safe access to the trench or excavation for the inspection 

and compaction testing. This shall include providing all safety equipment and temporary 

shoring to enable inspection of the trench foundation and compaction testing at multiple 

levels in the trench.  

 

1.03 SUBMITTALS 

 

 Samples of fill materials to be used shall be submitted 2 weeks in advance of use.  Samples 

shall consist of 0.5 cubic feet of each type of material. 

 

 

PART 2--MATERIALS 

 

2.01 FILL MATERIALS 

 

 A. TYPE A: 

 

Type A material (3/4-inch Minus) shall be a clean gravel-sand mixture free from organic 

matter and shall conform to the following gradation: 

 

U.S. standard sieve size Percent by weight passing 

3/4 inch 100 

3/8 inch 70-100 

No. 4 40-99 

No. 10 35-95 

No. 20 20-80 

No. 40 0-55 

No. 100 0-2 

 

 B. TYPE B: 

 

Type B material (3-inch Minus) shall be a select granular material free from organic matter 

and of such size and gradation that the specified compaction can be readily attained.  

Material shall conform to the following gradation: 

 

U.S. standard sieve size Percent by weight passing 

3 inch 100 

3/4 inch 70-100 

No. 4 40-100 
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U.S. standard sieve size Percent by weight passing 

No. 200 15-50 

 

 The coefficient of uniformity shall be 3 or greater. 

 

The plasticity index of the material, as determined in accordance with ASTM D4318, shall 

not exceed 10. 

 

The material may be an imported quarry waste, clean natural sand or gravel, select trench 

excavation or a mixture thereof. 

 

 C. TYPE C: 

 

Type C material shall be unclassified silty sand material which is free from peat, wood, 

roots, bark, debris, garbage, rubbish or other extraneous material.  The maximum size of 

stone shall not exceed 3 inches.  The material shall have a maximum of 65% passing #4 

sieve and maximum of 20% passing #200 sieve. If the native material excavated from the 

site meets these requirements, it may be segregated from non-conforming material and 

classified as Type C. 

 

 D. TYPE D: 

 

Type D material shall be granular base material and shall conform to the following 

gradation: 

 

U.S. standard sieve size Percent by weight passing 

1 inch 100 

3/4 inch 85-100 

No. 4 45-95 

No. 200 0-8 

 

The granular base shall have a plasticity index of no greater than 3 when tested in 

accordance with ASTM D4318. 

 

The coarse aggregate shall have a percent of wear, when subjected to the Los Angeles 

abrasion test (ASTM C131) of no greater than 50. 

 

 E. TYPE E: 

 

Type E material shall be crushed rock commonly known as drain rock and shall conform to 

the following gradation: 

 

 



 Earthwork  

 02200-5 

Dilkon Pass Booster 

Contract Issue 

U.S. standard sieve size Percent by weight passing 

1-1/2 inch 100 

3/4 inch 30-75 

1/2 inch 15-55 

1/4 inch 0-5 

 

Type E material shall be composed of hard, durable, sound pieces having a specific gravity 

of not less than 2.65 

 

 F. TYPE F: 

 

 Type F material shall be crushed rock and shall conform to the following gradation: 

 

U.S. standard sieve size Percent by weight passing 

1-1/2 inch 87-100 

3/4 inch 45-90 

No. 4 20-50 

No. 30 6-29 

No. 200 0-12 

 

Type F material shall be composed of hard, durable, sound pieces having a specific gravity 

of not less than 2.65. 

 

 G. TYPE G: 

 

Type G material shall be Class l crushed stone (manufactured angular, crushed stone, 

crushed rock, or crushed slag), commonly known as chips and shall conform to the 

following gradation: 

 

 

U.S. standard sieve size Percent by weight passing 

3/4 inch 100 

No. 4 30-50 

No. 200 0-5 

  

 The material shall have a minimum sand equivalent value of 75. 
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 H. TYPE H: 

 

Type H material shall be 6-inch crushed/angular riprap.  Riprap shall be graded rock having 

a range of individual rock weights as follows: 

 

Weight of stone Percent smaller by weight 

10 pounds 100 

5 pounds 80-100 

2 pounds 45-80 

1 pound 15-45 

1/2 pound 5-15 

Below 1/2 pound 0-5 

 

 Specific gravity shall be between 2.5 and 2.82. 

 

 I. TYPE I: 

 

Type I material shall be 12-inch riprap.  Riprap shall be graded rock having a range of 

individual rock weights as follows: 

 

Weight of stone Percent smaller by weight 

160 pounds 100 

100 pounds 80-100 

50 pounds 45-80 

20 pounds 15-45 

5 pounds 5-15 

1 pound 0-5 

 

 Specific gravity shall be between 2.5 and 2.82. 

 

 J. TYPE J: 

 

Type J material shall be unclassified material and may be obtained from excavation on site.  

The material may contain extraneous material such as demolition waste, unsuitable material 

excavated from beneath structures, and clearing and grubbing debris up to 50 percent by 

volume.  Extraneous material shall be thoroughly mixed, and the maximum size of organic 

particles shall be 6 inches. 
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K. TYPE K 

 

Native material, segregated from non-conforming material, may be used for bedding 

and backfill outside roadway and public right of ways or easements.  The material shall be 

granular, free from peat, wood, roots, bark, clay lumps, debris, garbage, rubbish or other 

material as defined by the Construction Manager. All materials used as final backfill shall 

pass a 3-inch sieve.  Materials used for select backfill or bedding shall meet the following 

gradation requirements:  

 

U.S. standard sieve size Percent by weight passing 

3/4 inch 100 

No. 4 40-90 

No. 200 30 or less 

 

The plasticity index of the material, as determined in accordance with ASTM D4318, shall 

not exceed 10.  Native soils including high plasticity clay soils, sandy clay and clayey sand 

soils shall not be used as bedding or backfill. 

 

The Contractor shall furnish sieve analyses per ASTM C 136, plasticity indexes PI - per 

ASTM D 4318 and baseline maximum density tests, Modified Proctor per ASTM D 1557, 

for conditioned native material.  Acceptance by the Construction Manager of the tests shall 

be required prior to using these materials.  All costs for testing shall be paid for by the 

Contractor.  Native materials shall be tested once per 400 feet of trench or as directed by the 

Construction Manager.  In all cases, soil samples for testing shall be taken in the presence of 

the Construction Manager.   

 

The Contractor will be solely responsible to demonstrate compliance and where native 

materials do not meet the requirements, shall provide imported bedding and backfill per the 

line item unit price in the contract schedule of materials. 

 

PART 3--EXECUTION 

 

3.01 GENERAL 

 

 A. CONTROL OF WATER: 

 

The CONTRACTOR shall keep excavations reasonably free from water during 

construction.  The static water level shall be drawn down a minimum of 1 foot below the 

bottom of excavations to maintain the undisturbed state of natural soils and allow the 

placement of any fill to the specified density.  Disposal of water shall not damage property 

or create a public nuisance.   

 

The CONTRACTOR shall have on hand pumping equipment and machinery in good 

working condition for emergencies and shall have workmen available for its operation.  
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Dewatering systems shall operate continuously until backfill has been completed to 1 foot 

above the normal static groundwater level. 

 

Groundwater shall be controlled to prevent softening of the bottom of excavations, or 

formation of "quick" conditions.  Dewatering systems shall not remove natural soils.  The 

CONTRACTOR shall control surface runoff to prevent entry or collection of water in 

excavations. 

 

Release of groundwater to its static level shall be controlled to prevent disturbance of the 

natural foundation soils or compacted fill and to prevent flotation or movement of structures 

or pipelines. 

 

The CONTRACTOR shall incorporate the use of temporary detention ponds, rock checks or 

rock socks to allow settlement or filtering of silt carried by the water before entering storm 

drains or natural waterways.  Straw bales are not acceptable for this purpose. 

 

If a National Pollutant Discharge Elimination System (NPDES) permit is required for 

disposal of water from construction dewatering activities, it shall be obtained by the 

CONTRACTOR prior to any dewatering activities. 

 

 B. OVEREXCAVATION: 

 

The CONTRACTOR shall take care to avoid excavation below the depths indicated.  

However, where the undisturbed condition of natural soils is inadequate for support of the 

planned construction, the CONSTRUCTION MANAGER may direct the CONTRACTOR 

to overexcavate and install additional bedding material.   

 

The quantity of overexcavation and placement of additional bedding material will be paid 

for on a unit price basis per cubic yard of overexcavation and additional material installed. 

The unit price shall include all costs associated with the overexcavation and installation 

of the additional material including but not limited to:  bedding material, geotextile 

material, installation, and all testing.  

 

 C. SURPLUS MATERIAL: 

 

Unless otherwise specified, surplus excavated material shall be disposed of off site in 

accordance with applicable ordinances and environmental requirements. 

 

If the quantity of surplus material is specified, the quantity specified is approximate.  The 

CONTRACTOR shall satisfy himself that there is sufficient material available for the 

completion of the embankments before disposing of any material inside or outside the site.  

Shortage of material, caused by premature disposal of any material by the CONTRACTOR, 

shall be replaced by the CONTRACTOR. 
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Material shall not be stockpiled to a depth greater than 5 feet above finished grade within 

25 feet of any excavation or structure except for those areas designated to be 

preconsolidated.  For these areas, the depth of stockpiled material shall be as specified.  The 

CONTRACTOR shall maintain stability of the soil adjacent to any excavation. 

 

 D. BORROW MATERIAL: 

 

If the quantity of acceptable material from excavation is not sufficient to construct the 

embankments or trench backfill required by the work, the quantity of material needed to 

complete the embankments or trench backfill shall consist of imported borrow conforming 

to specified requirements. 

 

 E. HAULING: 

 

When hauling is done over highways or city streets, the loads shall be trimmed and the 

vehicle shelf areas shall be cleaned after each loading.  The loads shall be watered after 

trimming to eliminate dust. 

 

 F. HAUL ROADS: 

 

The CONTRACTOR shall construct haul roads required to transport materials on site.  

Alignment of haul roads shall be selected to avoid interference with plant operations.  Haul 

roads must stay within the designated limit of disturbance as shown in the drawings. Haul 

roads shall be removed after completion of construction. 

 

 G. FINISH GRADING: 

 

Finished surfaces shall be smooth, compacted and free from irregularities.  The degree of 

finish shall be that normally obtainable with a blade-grader. 

 

Finished grade shall be as specified plus or minus 0.10 foot except where a local change in 

elevation is required to match sidewalks, curbs, manholes and catch basins, or to ensure 

proper drainage.  Allowance for topsoil and grass cover, and subbase and pavement 

thickness shall be made so that the specified thickness of topsoil can be applied to attain the 

finished grade. 

 

When the work is an intermediate stage of completion, the lines and grades shall be as 

specified plus or minus 0.5 foot to provide adequate drainage. 

 

If the soil is to be cultivated or straw is to be incorporated into the surface, rocks larger than 

2-1/2 inches in maximum dimension, roots and other debris on the surface of the slope shall 

be removed and disposed of prior to cultivation or placement of straw. 
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 H. CONTROL OF EROSION: 

 

The CONTRACTOR shall maintain earthwork surfaces true and smooth and protected from 

erosion.  Where erosion occurs, the CONTRACTOR shall provide fill or shall excavate as 

necessary to return earthwork surfaces to the grade and finish specified.  

 

 

 I. STABILIZATION: 

 

Instead of or in addition to overexcavation and additional material as described in 02200-

3.01B, the CONSTRUCTION MANAGER may direct the CONTRACTOR to stabilize the 

subgrade by pressing large riprap into the soft unstable subgrade to support the compaction 

of bedding, initial backfill and subsequent backfill.  The quantity and placement of 

stabilization material will be paid for on a unit price basis per cubic yard of stabilization 

material installed. The unit price shall include all costs associated with the installation of 

the stabilization material including but not limited to: stabilization material, installation, 

and all testing. 

 

3.02 CLASSIFICATION OF FILL 

 

 Fill material shall be placed in horizontal layers and compacted with power-operated 

tampers, rollers, idlers, or vibratory equipment.  Material type, maximum layer depth, relative 

compaction, and general application are specified in Table A.  Unless otherwise specified, fill 

classes shall be used where specified in Table A under general application. 

 

Table A, Fill Classifications 
 

 

Fill 

class 

 

Material 

type 

Maximum 

uncompressed 

layer depth, inches 

Minimum 

compaction, 

percent 

 

 

General application 

A1 A 6 95 Subsequent, near-surface pipeline backfill 

under paved roadways, roadway shoulders, 

roadway embankments and public Right-of-

Ways or easements; pipeline bedding; 

initial utility pipeline backfill per trench 

detail in project drawings 

NOT 

REQD 

A 48 95 NOT REQUIRED 

B1 B 8 95 Structural fill; subsequent pipeline backfill; 

compaction as specified 

B2 B 8 90 Site fill; compaction as specified 

C1 C 8 90-95 Subsequent pipeline backfill; compaction as 

specified 

C2 C 8 90 Site fill for embankments and dikes 

D1 D 8 95 Concrete slab support fill and bottom for 

PRV Vault and in areas where structural fill 
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Fill 

class 

 

Material 

type 

Maximum 

uncompressed 

layer depth, inches 

Minimum 

compaction, 

percent 

 

 

General application 

is not specified 

E1a,b E 8 95 b Bedding and initial pipeline backfill for 

RCP only, backfill for overexcavated zone; 

Requires layer of non-woven filter fabric 

between Type E and any other material 

containing fines (including native) 

F1 F 12 95  Lower 6” of road base for gravel road 

section. 

NOT 

REQD 

G 8 95 NOT REQUIRED 

NOT 

REQD 

H - - NOT REQUIRED  

H2d H - - Trench or Excavation bottom soil 

stabilization.  

NOT 

REQD 

I - - NOT REQUIRED 

NOT 

REQU

IRED 

J 8 90 NOT REQUIRED 

K1 K 6 90 Subsequent, near-surface pipeline backfill 

nonpaved areas outside roadway and public 

Right-of-Ways or easements; per Typical 

Trench Detail; compaction as specified 

K2 K 6 95 Pipeline bedding; initial utility pipeline 

backfill; per trench detail in project 

drawings; compaction as specified 

 

aCompaction of layers shall be accomplished in two passes of equipment with complete coverage across the width of  

the fill.  Dry density compaction shown is per ASTM D1557.  Use 70% of ASTM D4253 maximum relative density, 

as applicable, based on the soil used for fill. 
bNOT USED. 
cNOT USED. 
dRiprap to be pressed into unstable trench bottom soil until trench bottom will support placement and compaction 

requirements for backfill. 
eAsphalt and concrete slabs from demolition may be placed at the bottom of the fill side by side to form a continuous  

  pad.   Clearing and grubbing is not required unless shrubs are taller than 3 feet.  Mucking of the subgrade and  

  keying or benching of adjoining embankments is not required. 

 

3.03 EARTHWORK FOR STRUCTURES 

 

 A. STRUCTURE EXCAVATION: 

 

The bottom shall not be more than 0.15 foot above or below the lines and grades specified.  

If the elevation of structure excavation is not specified, the excavation shall be not more 

than 0.15 foot above or below the elevation specified for fill material below the structure.  
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Slopes shall vary no more than 0.5 foot from specified grade unless the excavation is in rock 

where the maximum variation shall be 2 feet. 

 

Should the excavation be carried below the lines and grades specified on the drawings or 

should the bottom of the excavation be disturbed because of the CONTRACTOR's 

operations and require overexcavation and backfill, the CONTRACTOR shall refill such 

excavated space to the proper elevation in accordance with the procedure specified for 

backfill.  The cost of such work shall be borne by the CONTRACTOR. 

 

Unless otherwise specified, excavations shall extend a sufficient distance from walls and 

footings to allow for placing and removal of forms, installation of services, and for 

inspection, except where concrete is specified to be placed directly against excavated 

surfaces.  

 

Upon completion of foundation excavations, the CONTRACTOR shall coordinate the 

inspection of the bottom of the excavation prior to the placement of structural fill or auger 

cast piles. 

 

 

 B. FOUNDATION TREATMENT: 

 

Rock foundations for concrete or masonry footings shall be excavated to sound material.  

The rock shall be roughly leveled or cut to steps and shall be roughened.  Seams in the rock 

shall be grouted under pressure as directed by the CONSTRUCTION MANAGER and paid 

for as extra work. 

 

When footings are to be supported on piles, excavations shall be completed to the bottom of 

the footings before any piles are drilled or driven therein.  When swell or subsidence results 

from driving piles, the CONTRACTOR shall excavate, or backfill the footing area to the 

grade of the bottom of the footing with suitable material as specified.  If material under 

footings is such that it would mix into the concrete during footing placement or would not 

support the weight of the fluid concrete, the CONTRACTOR shall replace the material with 

suitable material, install soffit forms or otherwise provide a suitable platform on which to 

cast the footing as directed by the CONSTRUCTION MANAGER.  This shall be paid for as 

extra work. 

 

Where clay soils are encountered at the bottom of cut surfaces, the clay surface shall be 

scarified and mixed to a minimum depth of 12 inches and watered as necessary to bring the 

upper foot of soil to between 1 and 3 percent above the optimum moisture content and 

compacted to between 95 and 98 percent of maximum dry density. 

 

Whenever solid or loose rock, rocky soil with rocks larger than 3/4 inches in their largest 

dimension, or otherwise unsuitable soils which are incapable of properly supporting the pipe 

are encountered in the trench bottom, all unsuitable material shall be overexcavated to a 
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minimum depth of 6 inches (or 24 inches for soft or unstable areas) below the pipe and 

replaced with suitable bedding material. 

 

Whenever any structure excavation is substantially completed to grade, the CONTRACTOR 

shall notify the CONSTRUCTION MANAGER who will make an inspection of the 

foundation.  No concrete or masonry shall be placed until the foundation has been inspected 

by the CONSTRUCTION MANAGER.  The CONTRACTOR shall, if directed by the 

CONSTRUCTION MANAGER, dig test pits and make test borings and foundation bearing 

tests.  If the material tested is undisturbed soil, the cost thereof will be paid for as extra 

work.  If the material tested is backfill material, the cost thereof will be paid as specified in 

00700-14.02. 

 

 C. STRUCTURE BACKFILL: 

 

 Unless otherwise specified, structure backfill shall be Class B1. 

 

After completion of construction below the elevation of the final grade, and prior to 

backfilling, forms shall be removed and the excavation shall be cleaned of debris. 

 

Structure backfill shall not be placed until the subgrade portions of the structure have been 

inspected by the CONSTRUCTION MANAGER.  No backfill material shall be deposited 

against concrete structures until the concrete has developed the specified compressive 

design strength or until the concrete has been in place for 28 days, whichever occurs first. 

 

Backfill material shall be placed in uniform layers and shall be brought up uniformly on all 

sides of the structure.  When compaction is done by ponding and jetting, thickness of 

uncompacted layers shall not exceed 4 feet.  Moisture content at the time of compaction of 

structural backfill shall be within 2 percent of optimum moisture content.  

 

Compaction of structure backfill by ponding and jetting will not be allowed. 

 

3.04 EARTHWORK FOR PIPELINES AND CONDUITS 

 

 A. GENERAL: 

 

Earthwork for pipelines and conduits is specified in paragraph 02200-3.02, Table A; in the 

standard details; and in the following paragraphs. 

 

 B. PIPELINE EXCAVATION: 

 

Unless otherwise specified, shown on the drawings, or approved by the 

CONSTRUCTION MANAGER, pipelines shall have a minimum 42-inch depth of cover 

and maximum 72-inch depth of cover. The top 12 inches of soil shall be removed and 

stored in such a manner that it will not become mixed with unsatisfactory soils. Excavate 
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the trench to line and grade with allowance for pipe thickness, sheeting and shoring, pipe 

bedding and over-excavation.  

 

The CONTRACTOR shall be responsible to deflect joints and/or provide shop-fabricated 

fittings as required to achieve the vertical and horizontal alignment.  The provided 

alignment shall not include isolated high or low points requiring an air release valve or 

flush valve that is not shown on the drawings but required for the proper operation and 

maintenance of the pressure pipeline as determined by the CONSTRUCTION 

MANAGER. Where the CONSTRUCTION MANAGER determines the Contractor’s 

alignment has created a high or low point, the Contractor shall provide air release or flush 

valves in accordance with the Standard Details at no additional cost to the OWNER. 

 

The allowable joint deflection shall not exceed 50% of the manufacturer’s written 

maximum recommendation unless otherwise specified.   When gasketed pipe is laid on a 

curve, the pipe shall be jointed in a straight alignment and then deflected to the curved 

alignment.  CONTRACTOR shall provide a wider trench as required for this purpose at 

no additional cost to the OWNER.  Longitudinal bending of the pipe shall not be allowed.  

 

In the event obstructions are encountered which require exceptions to the allowable depth 

of cover, the CONSTRUCTION MANAGER shall have the authority to change the plans 

and order the necessary deviation from the line and grade.   

 

Remove hard spots that would prevent a uniform thickness of bedding or result in 

concentrated loads on the pipe. If the trench is excavated below the required grade, refill 

any part of the trench excavated below the grade with specified bedding materials or in 

accordance with over-excavation requirements where unsuitable material is encountered.  

 

Prior to placement of bedding, the exposed subgrade at the base of the trench excavation 

shall be examined to detect soft, loose, or unstable areas.  Loose materials in the trench 

bottoms resulting from excavation disturbance should be removed until firm material is 

encountered.  If soft or unstable areas are encountered, these areas should be overexcavated 

to a minimum depth of 24 inches below the pipe or to firm material and replaced with 

suitable bedding material. 

 

Where clay soils are encountered at the bottom of cut surfaces, the clay surface shall be 

scarified and mixed to a minimum depth of 12 inches and watered as necessary to bring the 

upper foot of soil to between 1 and 3 percent above the optimum moisture content and 

compacted to between 95 and 98 percent of maximum dry density. 

 

 C. PIPELINE EMBEDDMENT ZONE: 

 

Bedding and backfill material in the embedment zone shall be as specified and as shown on 

the project trench detail.  
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1. BEDDING:  The CONTRACTOR shall not proceed with bedding placement 

in excavated areas until the subgrade has been inspected by the 

CONSTRUCTION MANAGER.   

 

All pipe shall have a minimum thickness of 6 inches of bedding material 

below the barrel of the pipe to provide uniform and adequate longitudinal 

support under the pipe as specified. Bedding material shall be placed in the 

bottom of the trench, leveled and compacted.   

 

Bell holes shall be excavated to provide a minimum clearance of 2-inches 

below the coupling or bell at each pipe joint and to permit proper inspection 

of the joint. Imported Type A or conditioned Type K bedding material shall 

be placed at bell holes and beneath the pipe as required to provide uniform 

and adequate longitudinal support.  

 

2. HAUNCHING: After pipe has been properly bedded and laid to alignment 

and grade, additional bedding material shall be placed in layers the full width 

of the trench and compacted.  CONTRACTOR shall place and compact 

haunching, defined as the area between the top of bedding to the springline 

of the pipe, simultaneously on both sides of the pipe, keeping the level of 

material the same on each side.    

 

Haunching shall be carefully placed in 6” lifts and hand compacted around 

the pipe to ensure that the pipe barrel is completely supported with no voids 

or uncompacted areas and adequate side support to the pipe is provided 

without either vertical or lateral displacement of the pipe from proper 

alignment.  

    

3. INITIAL BACKFILL: After placement of haunching material, 

CONTRACTOR shall place, and compact initial backfill from the springline 

to at least 12-inches above the top of the pipe.  

 

Initial backfill shall be placed and compacted in lifts not to exceed 6-inches 

in loose measure. Placement and compaction shall be performed in such a 

manner as to avoid damage or disturbance of the haunching material or pipe. 

 

Moisture content of trench backfill at the time of compaction shall be within 

2 percent of optimum moisture content. 

 

  4. FINAL OR SUBSEQUENT BACKFILL: 

 

Backfill material, placement and compaction above the pipe zone shall be as 

specified.  Backfill above the pipe zone shall not commence until pipe zone 

backfill has been inspected and accepted by the CONSTRUCTION 

MANAGER.  
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a. IMPROVED AREAS:  Unless otherwise specified, select granular 

backfill (Class A) shall be used under all paved and unpaved 

roadways and paved and unpaved roadway shoulders, roadway 

embankments, and in all public right-of-ways and easements.  The 

trench shall be backfilled to an elevation which will permit the 

placement of the specified surface and paving as specified.  Parking 

lot surface and paving shall be as specified in Section 02500.  

Roadway surface and paving shall be restored, including compaction, 

to the condition existing prior to construction including restoration of 

yard areas. 

 

b. UNIMPROVED AREAS:  Class C1or Class K backfill shall be used 

for all trenches in pastureland, cultivated land, undeveloped land, and 

for other unimproved areas where specified.  Class C1 backfill shall 

not be used in any public right-of- way or under roadways.  

Excavated trench material that meets the requirements of Type C 

material may be used.  The CONTRACTOR shall maximize the use 

of fine-grained materials (e.g., sand, silty sand, sandy silt) as 

Class C1 backfill. 

 

The trench above the pipe zone shall be backfilled to within 12 inches of original ground 

surface.  Moisture content of trench backfill at the time of compaction shall be within 2 percent of 

optimum moisture content. 

 

After the trench has been backfilled, the stored topsoil shall be replaced at a uniform depth 

in its original area compacted to its original condition.  The CONTRACTOR shall leave the 

backfilled trench neatly mounded not more than 6 inches above existing grade for the full width of 

the backfill area. 

 

The CONTRACTOR will be required to perform the work so that trenches will remain open 

for the minimum time required to accomplish the work. Do not begin trench excavation until 

appropriate compaction equipment is at the excavation site. During non-working hours, open 

trenches shall be completely covered or fenced to prevent access. 

 

3.05 EARTHWORK FOR EMBANKMENTS 

 

 A. FOUNDATION PREPARATION: 

 

The surface of the foundation shall not contain standing water and shall be free of loose 

material, foreign objects and rocks greater than 6 inches in maximum dimension.  

Immediately prior to placement of embankment fill material, the foundation surface shall be 

thoroughly moistened, scarified to a depth of 8 inches, moisture conditioned again as 

necessary and recompacted to 95 percent relative compaction.  After the preparation has 

been completed, the CONTRACTOR shall promptly place and compact the first lift of 
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embankment on the foundation to prevent damage to the surface.  If the foundation surface 

is damaged, the CONTRACTOR shall repair the surface to the specified condition.  In any 

areas where materials become soft or yielding, such materials shall be removed, disposed of, 

and replaced with specified material.  The surface of the embankment shall be maintained to 

permit travel of construction equipment.  Ruts in the surface of any layer shall be filled and 

leveled before compacting. 

 

 B. EMBANKMENT FILL: 

 

Rocks, broken concrete, or other solid materials, which are larger than 4 inches in greatest 

dimension, shall not be placed in embankment areas where piles are to be placed or driven. 

 

Fill material having a sand equivalent value less than 10 shall be placed in the lower 

portions of embankments and shall not be placed within 2.5 feet of finished grade. 

 

When the embankment material consists of large, rocky material, or hard lumps, such as 

hardpan or cemented gravel which cannot be broken readily, such material shall be well 

distributed throughout the embankment.  Sufficient earth or other fine material shall be 

placed around the larger material as it is deposited so as to fill the interstices and produce a 

dense, compact embankment. 

 

Unless otherwise specified, the embankment shall be raised to form an approximately 

horizontal plane extending transversely to the final slopes.  The embankment shall be 

crowned at all times during construction so that water will drain readily off the 

embankment. 

 

The temporary differential elevation between any two adjoining zones of the embankment 

due to construction operations shall not exceed 24 inches. 

 

If the compacted surface of any layer of material is too smooth to bond properly with the 

succeeding layer, the surface shall be scarified.  If required, the surface shall be sprinkled or 

otherwise moisture conditioned before the succeeding lift is placed.  Any surface crust 

formed on a layer of fill material that has been dumped and spread shall be broken up by 

harrowing and, if required, the full depth of the affected layer shall be moisture conditioned 

immediately prior to rolling. 

 

 

 C. KEY CONSTRUCTION: 

 

Where specified, a key shall be excavated along the length of the toe of fill slopes.  The 

exposed soils along the key and under fill areas shall be disced and/or scarified to a depth of 

at least 12 inches, moisture conditioned to within 3 percent of optimum moisture content, 

and compacted to at least 90 percent of maximum dry density. 
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 D. EMBANKMENT TOLERANCES: 

 

1. GENERAL:  Embankment slopes within 4 feet of shoulder grade shall vary 

less than 0.5 foot from the designated slope.  Slopes beyond 4 feet from 

shoulder grade shall vary less than 1 foot from the designated slope.  

Measurements for variance shall be made perpendicular to the slope.  Slopes 

which are 6 to 1 or flatter shall vary less than 0.2 foot from the designated 

slope. 

 

If embankments are constructed of rock greater than 12 inches in diameter, 

the slopes more than 4 feet below shoulder grade may vary up to 2 feet from 

the designated slope. 

 

2. ROADWAY EMBANKMENT TOLERANCES:  The excavated surface 

shall be less than 0.08 foot above or below the grades specified after 

deducting for the roadway pavement thickness. 

 

Vertical alignment tolerances permitted on the roadway surface shall not 

exceed plus or minus 0.30 feet from the vertical alignment specified, with 

the provision that within the tolerance range local surface irregularities shall 

not exceed 0.15 feet as measured by the gap between the roadway surface 

and a 10-foot straightedge placed on any flat graded surface.  On vertical 

curves, the same standards will apply except that an additional gap 

allowance will be made for the road surface curvature over the 10-foot 

length of the straightedge. 

 

Horizontal alignment tolerances permitted shall not exceed plus or minus 1 

foot providing the departure is relatively uniform over any specific length of 

the roadway. 

 

3.06 SUBGRADE FOR PAVEMENT 

 

 The prepared subgrade shall be scarified to a depth of at least 12 inches and recompacted to 

at least 95 percent of the maximum density. 

 

 

3.07 SITE FILL 

 

 Unless otherwise specified, site fill shall be Class C2 fill.  If the existing slope in an area to 

be filled is greater than 5:1, the CONTRACTOR shall bench the area prior to filling. 

 

 

**END OF SECTION** 
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SECTION 02270 

 

EROSION CONTROL (VEGETATIVE) 

 

PART 1- GENERAL 

 

1.01  THE REQUIREMENT 

 

A. The CONTRACTOR shall provide erosion protection including fertilizing, 

seeding, and mulching for all disturbed areas. 

 

B.  The CONTRACTOR shall provide biodegradable erosion control blanket on all 

slopes greater the 4H:1V. 

 

 

1.02  CONTRACTOR SUBMITTALS 

 

A. Submittals shall be in accordance with Section 01300 - Submittals. 

 

B.  Product Data: Manufacturer's catalog sheets and sample of erosion control fabrics. 

 

 

PART 2- PRODUCTS 

 

2.01 MATERIALS 

 

A. Fertilizer: Fertilizer shall be a commercial, chemical type, uniform in 

composition, free flowing, conforming to state and federal laws and suitable for 

application with equipment designed for that purpose. Fertilizer shall have a 

guaranteed analysis showing not less than 11 percent nitrogen, 8 percent available 

phosphoric acid, and 4 percent water soluble potash. 

 

B.  Seed: Seed shall be delivered in original unopened packages bearing an analysis 

of the contents. Seed shall be guaranteed 95 percent pure with a minimum 

germination rate of 80 percent. Seed mix shall be native vegetation consisting of 3 

lb – Crested Wheatgrass, 1 lb – Pubescent Wheatgrass, 2 lb – Indian Ricegrass, 3 

lb – Western Wheatgrass, and 2 lb – 4-wing Salt bush. 

 

C.  Mulch:   Mulch shall be a fibrous, wood cellulose product produced for this 

purpose.  It shall be dyed green and shall contain no growth or germination 

inhibiting substances, and shall be manufactured so that when thoroughly mixed 

with seed, fertilizer, and water, in the proportions indicated it will form a 

homogenous slurry which is capable of being sprayed.  The mulch shall be Sliva 

Fiber  as manufactured by Weyerhaeuser Company; Conwood Fiber  as  

manufactured by Consolidated Wood  Conversion Corp.; or equal. 
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D. Erosion Control Fabric 

 

1.  Materials:  North American Green, S75 Temporary Erosion Control 

Blanket, or equal. 

 

2.  Anchorage Devices: Six-inch, 11-gauge staples from the manufacturer or 

staples of the proper length as recommended by the manufacturer for 

specific soil condition. 

 

E.  Manufacturers, or Equal 

 

1.  North American Green 

 

2.  Mirafi (Ten Cate) 

 

3.  Maccaferri 

  

PART 3- EXECUTION 

 

3.01 GENERAL 

 

A.  Weather Conditions:  Fertilizing, seeding, or mulching operations will not be 

permitted when wind velocities exceed 15 miles per hour or when the ground is 

frozen, unduly wet, or otherwise not in a tillable condition. 

 

B.  Soil Preparation:  The ground to be seeded shall be graded in conformance with 

the Drawings and shall be loose and reasonably free of large rocks, roots, and 

other material which will interfere with the work. 

 

C.  Method of Application:  Fertilizer, seed, and mulch may be applied separately 

(Dry Method), or they may be mixed together with water and the homogeneous 

slurry applied by spraying (Hydraulic Method), except that all slopes steeper than 

3H:1V shall be stabilized by the Hydraulic Method. 

 

3.02  DRY METHOD 

 

A. Fertilizing:  The fertilizer shall be spread uniformly at the rate of 800 lb per acre 

(approximately 1 lb per 55 square feet).  The fertilizer shall be raked in and 

thoroughly mixed with the soil to a depth of approximately 2-inches prior to the 

application of seed or mulch.  

  

B.  Seeding:  The seed shall be broadcast uniformly at the rate of 16.5 lb per acre.  

After the seed has been distributed it shall be incorporated into the soil by raking 

or by other approved methods. 
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C.  Mulch Application: Mulch shall be applied at the rate of 1,500 lb (air dried 

weight) per acre. 

 

3.03  HYDRAULIC METHOD 

 

A.  The hydraulic method consists of the uniform application by spraying of a 

homogeneous mixture of water, seed, fertilizer, and mulch.  The slurry shall be 

prepared by mixing the ingredients in the same proportions as indicated above. 

The slurry shall have the proper consistency to adhere to the earth slopes without 

lumping or running.   Mixing time of materials shall not exceed 45 minutes from 

the time the seeds come into contact with the water in the mixer to the complete 

discharge of the slurry onto the slopes, otherwise the batch shall be recharged 

with seed.  The mixture shall be applied using equipment containing a tank having 

a built-in, continuous agitation and recirculation system, and a discharge system 

which will allow application of the slurry to the slopes at a continuous and 

uniform rate.  The application rates of the ingredients shall be the same as those 

specified for the Dry Method.  The nozzle shall produce a spray that does not 

concentrate the slurry nor erode the soil. 

 

3.04  EROSION CONTROL BLANKET 

 

A. Placement 

 

1.  Biodegradable erosion control blanket shall be used on all slopes 4H:1V 

and steeper.    

 

2.  The erosion control shall be spread only on prepared, fertilized and seeded 

surfaces. 

 

3.  On all slopes, the erosion control blanket shall be laid up-and-down the 

slope in the direction of water flow. 

 

4.  Waste of erosion control material shall be minimized by limiting overlaps 

as specified and by utilizing the full length of the netting at roll ends. 

 

B.  Anchorage 

 

1.  Ends and sides of adjoining pieces of material shall be overlapped 6-

inches and 4- inches respectively, and stapled.   Six anchors shall be 

installed across ends.  A common row of staples shall be used at side 

joints.  Staple through both blankets, placing staples approximately 6-

inches apart. 
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2.  The top edge of the erosion control blanket shall be anchored in a 6-inch 

deep by 6- inch wide trench.  Backfill and compact trench after stapling. 

 

3.  Anchorage shall be by means of 9-inch long, 2-legged staples driven 

vertically and full-length into the ground.  The legs shall be spread 3-

inches to 4-inches apart at the ground to improve resistance to pull-out.   

In loose soils the use of 18-inch metal washer pins may be required to 

properly anchor the blankets. 

 

4. All slopes which are 3:1 or greater shall be stapled with 2 staples per 

square yard in a triangular pattern. Staples shall be installed per the 

manufacturer's recommended staple pattern guide. 

 

5.  The erosion control blanket shall not be stretched but should be laid 

loosely over the ground to avoid pulling the blanket downslope. 

 

6.  The erosion control blanket shall not be rolled out •onto ground containing 

frost within the 9-inch penetration zone of the anchorage staples.   Further, 

no stapling shall be undertaken while any frost exists within the staple 

penetration zone. 

  

3.05 WATERING 

 

A. Upon completion of the erosion control seeding, water shall be applied as 

specified by the seed manufacture to meet germination requirements.  

 

3.06  MAINTENANCE PRIOR TO FINAL ACCEPTANCE 

 

A. The CONTRACTOR shall maintain the planted areas in a satisfactory condition 

until final acceptance of the project.   Such maintenance shall include the filling, 

leveling, and repairing of any washed or eroded areas, as may be necessary, and 

sufficient watering to maintain the plant materials in a healthy condition.  The 

ENGINEER may require replanting of any areas in which the establishment of the 

vegetative ground cover does not appear to be developing satisfactorily. 

 

**END OF SECTION** 
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SECTION 03100 

 

CONCRETE FORMWORK 

 

PART 1 -- GENERAL 

 

1.01 DESCRIPTION 

 

 This section specifies formwork requirements for concrete construction. 

 

1.02 QUALITY ASSURANCE 

  

A. REFERENCES: 

 

 This section contains references to the documents listed below.  They are a part of this 

section as specified and modified.  Where a referenced document cites other standards, such 

standards are included as references under this section as if referenced directly.  In the event of 

conflict between the requirements of this section and those of the listed documents, the 

requirements of this section shall prevail. 

 

 Unless otherwise specified, references to documents shall mean the documents in effect 

at the time of Advertisement for Bids or Invitation to Bid (or on the effective date of the 

Agreement if there were no Bids).  If referenced documents have been discontinued by the 

issuing organization, references to those documents shall mean the replacement documents 

issued or otherwise identified by that organization or, if there are no replacement documents, the 

last version of the document before it was discontinued.  Where document dates are given in the 

following listing, references to those documents shall mean the specific document version 

associated with that date, regardless of whether the document has been superseded by a version 

with a later date, has been discontinued or has been replaced. 

 

Reference Title 

ACI 117 Standard Specifications for Tolerances for Concrete 

Construction and Materials 

ACI 301 

 

Specifications for Structural Concrete 

 

ACI 318 Building Code Requirements for Structural Concrete 

ACI 347R Guide to Formwork for Concrete 

National Institute of 

Standards - PS1 

Construction and Industrial Plywood 

 

B. DESIGN: 

 

Formwork design requirements shall conform to the following: 
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1. Formwork shall be designed by a Professional Engineer currently 

registered in the State of Arizona having a minimum of 3 years’ 

experience in this type of design work. 

 

2. Design and engineering of formwork as well as its construction, is the sole 

responsibility of the CONTRACTOR. 

 

 

 C. DESIGN CRITERIA: 

 

 Design of formwork shall conform to the following criteria: 

 

1. Formwork shall be designed for loads, lateral pressures and allowable 

stresses outlined in ACI 347R and for design considerations, wind loads, 

allowable stresses and other applicable requirements of the controlling 

local building code.  Where conflicts occur between the above two 

standards, the more stringent requirements shall govern. 

 

2. Formwork shall be designed to limit maximum deflection of form facing 

materials reflected in concrete surfaces exposed to view to 1/240 of span 

between structural members. 

 

1.03 SUBMITTALS 

 

Submittals shall be provided in accordance with Section 01300 and shall include the 

following information: 

 

1.  Manufacturer's product data, installation instructions and 

acknowledgement that products submitted meet requirements of standards 

referenced for 

 

a. Form materials 

 

b. Form release compound. 

 

c. Form ties. 

 

  

 2. Formwork designer qualifications. 

 

 3. Submit letter of certification stamped by the registered Engineer 

referenced in paragraph 1.02B.1 that formwork has been designed in 

accordance with the specifications. 
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PART 2--PRODUCTS 

 

2.01 FORMS 

 

 A. WOOD FORMS: 

 

Wood forms shall be new and unused exterior grade plywood panels manufactured 

in accordance with APA (American Plywood Association) and bearing the 

trademark of that group.  Forms for all concrete surfaces exposed to view shall be 

APA High Density Overlay (HDO) Plyform Class I Exterior 48" X 96" X 3/4" 

minimum thickness.  Forms for other concrete surfaces shall be APA Douglas Fir B-

B Plyform Class I Exterior 48” X 96” X 3/4-inch minimum thickness. 

 

When approved by the CONSTRUCTION MANAGER, plywood may be reused. 

 

B. METAL FORMS: 

 

Metal forms excluding aluminum may be used.  Forms shall be free of rust and straight 

without dents to provide members of uniform thickness. 

 

2.02 FORM TIES 

 

Form ties shall be commercially fabricated for use in form construction and shall be 

constructed so that ends or end fasteners can be removed without causing spalling at surfaces of 

the concrete.  Diameter on ends shall be 3/4 inch minimum to 1 inch maximum.  Embedded 

portion of ties shall be not less than 1 1/2 inch from face of concrete after ends have been 

removed. 

 

 2.03 FORM RELEASE COMPOUND 

 

Coat all forming surfaces in contact with concrete using an effective, non-staining, non-

residual, water based, bond-breaking form coating unless otherwise noted.  Form release agents 

used in potable water containment structures shall be suitable for use in contact with potable 

water and shall be non-toxic and free of taste and odor. Form release agent shall not adversely 

affect concrete surfaces and shall not impair subsequent treatments of concrete surfaces.  

 

PART 3--EXECUTION 

 

3.01 PREPARATION 

 

Preparation shall conform to the following: 
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1. Surfaces of forms shall be covered with an approved form release 

compound prior to form installation.  Application shall be in accordance 

with manufacturer’s recommendations.   

 

2. Excess form coating material shall not be permitted to stand in puddles in 

forms nor in contact with hardened concrete against which fresh concrete 

is to be placed. 

 

3. Surfaces of forms, reinforcing steel and other embedded materials shall be 

cleaned of any accumulated mortar or grout from previous concreting and 

of all other foreign material before concrete is placed. 

 

3.02 CONSTRUCTION 

 

Formwork construction shall conform to the following: 

 

1. Forms shall be used for all cast-in-place concrete including sides of 

footings.   

 

2. Forms shall be constructed and placed so that the resulting concrete will 

be of the shape, lines, dimensions, and appearance indicated on the 

Drawings. Forms shall be braced or tied together to maintain their position 

and shape under a load of freshly-placed concrete. 

 

3.       Forms shall be sufficiently tight to prevent leakage.  

 

4. Temporary openings shall be provided at base of column and wall forms 

and at other points where necessary to facilitate cleaning and observation 

immediately before concrete is placed, and to limit height of free fall of 

concrete to prevent aggregate segregation.   

 

5. Temporary openings, also called form “windows”, shall be used to limit 

height of free fall of concrete and to limit the lateral movement of concrete 

during placement. 

 

6. A 3/4-inch chamfer strip shall be placed in exposed to view corners of the 

forms to produce a 3/4-inch wide beveled edge. 

7. At construction joints, contact surface of form sheathing for flush surfaces 

exposed to view over hardened concrete in previous placement shall be 

overlapped by at least 1 inch. Forms against hardened concrete shall be 

held to prevent offsets or loss of mortar at construction joint and to 

maintain a true surface.  Where possible, juncture of built-in-place wood 

or metal forms shall be located at architectural lines, control joints or at 

construction joints. 
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8. Where circular walls are formed and forms made up of straight sections 

are proposed for use, straight lengths not exceeding 2 feet wide shall be 

provided for curved surfaces with a radius of 25 feet to 100 feet.  Straight 

form lengths not exceeding 3 feet wide may be used for curved surfaces 

with a radius of 100 feet and larger.  Formwork shall be braced and tied to 

maintain correct position and shape of members.   

9. Wood forms for wall openings shall be constructed to facilitate loosening, 

if necessary, to counteract swelling.  Formwork shall be anchored to 

shores or other supporting surfaces of members so that movement of any 

part of formwork system is prevented during concrete placement. 

10. Runways for moving equipment shall be provided with struts or legs, 

supported directly on formwork or structural members without resting on 

reinforcing steel. 

11. A positive means of adjustment (wedges or jacks) of shores and struts to 

take up all settlement during concrete placing operation shall be provided. 

Forms shall be securely braced against lateral deflection.  Wedges used for 

final adjustment of forms shall be fastened prior to concrete placement in 

position after final check. 

 

12. Sealer:  Penetrating, clear, polyurethane wood form sealer formulated to 

reduce absorption of bleed water and prevent migration of set-retarding 

chemicals from wood. 

13. Form Joint Sealant:  Elastomeric sealant complying with ASTM C 920, 

Type M or S, Grade NS, that adheres to form joint substrates. 

14. Coat contact surfaces of wood rustications and chamfer strips with sealer 

before placing reinforcement, anchoring devices, and embedded items. 

15. Do not fill rock pockets or honey combing in the exposed -to-public-view 

surfaces without approval of the ENGINEER and the Architect. 

3.03 TOLERANCES 

 

Formwork tolerances shall be in accordance with ACI 117 and the following.  If a 

discrepancy is found between the requirements below and ACI 117, the more stringent 

requirement shall control:  

 

1. Products shall be installed in accordance with manufacturer’s written 

instructions. 

2. Surfaces of columns, piers, walls, and risers shall vary from plumb a 

maximum of 1/2 inch for entire height and 1/4 inch in 10 feet of height. 

Exposed corner columns, control-joint grooves, and other exposed to view 
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lines shall vary from plumb a maximum of 1/2 inch for entire length and 

1/4 inch in 20 feet of length.  

3. Maximum variation from level or from grade shall be 3/4 inch for entire 

length, 3/8 inch for any bay or 20 foot length, and 1/4 inch in 10 feet of 

length for slab soffits, ceilings, and beam soffits, measured before removal 

of supporting shores and shall be 1/2 inch for entire length and 1/4 inch in 

20 feet of length for exposed lintels, sills, parapets, horizontal grooves, 

and other exposed-to-view lines. 

4. Maximum variation of linear structure lines from established position in 

plan and related position of columns, walls, and partitions shall be 3/4 inch 

for entire length and 3/8 inch for any bay or 20 foot length. 

5. Maximum variation in size and location of sleeves, floor openings, and 

wall openings and variation in horizontal plan location of beam, column 

and wall centerlines shall be  1/2 inch 

6. Maximum variation in cross sectional dimensions of columns and beams 

and in thickness of slabs and walls shall be  3/8 inch and in concrete plan 

dimensions for footings and foundations shall be - 1/2 inch + 2 inches. 

7. Maximum misplacement or eccentricity of footings and foundations shall 

be 2 percent of footing width in direction of misplacement, but not more 

than 2 inches. 

8. Specified thickness of footings and foundations may be decreased by up to 

5 percent with no maximum increase except that which may interfere with 

other construction. 

9. Maximum step variance in the flight of stairs for Rise is  1/8 inch and for 

Tread is  1/4 inch and in consecutive steps for Rise is  1/16 inch and for 

Tread is  1/8 inch. 

10. Sufficient control points and benchmarks to be used for reference purposes 

to check tolerances shall be established and maintained in an undisturbed 

condition until final completion and acceptance of the work. 

11. Regardless of tolerances listed, no portion of a structure shall be allowed 

to extend beyond the legal boundary of work site. 

12. To maintain specified tolerances, formwork shall be cambered to 

compensate for anticipated deflections in formwork prior to hardening of 

concrete. 

13. Fabricate forms for easy removal without hammering or prying against 

concrete surfaces.  Provide crush or wrecking plates where stripping may 

damage cast-in-place surfaces.   
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a. Seal form joints and penetrations at form ties with form joint 

sealant to prevent cement paste leakage. 

3.04 REMOVAL OF FORMS 

 

Removal of forms shall conform to the following: 

 

1. No construction loads shall be supported on, nor any shoring removed 

from, any part of the structure under construction except when that portion 

of the structure in combination with remaining forming and shoring 

system has sufficient strength to safely support its weight and loads placed 

thereon. 

 

2. When required for concrete curing in hot weather, required for repair of 

surface defects or when finishing is required at an early age, forms shall be 

removed as soon as concrete has hardened sufficiently to resist damage 

from removal operations or lack of support. 

 

3. Top forms on sloping surfaces of concrete shall be removed as soon as 

concrete has attained sufficient stiffness to prevent sagging.  Any needed 

repairs or treatment required on such sloping surfaces shall be performed 

at once, followed by curing specified in Section 03300. 

 

4. Wood forms for wall openings shall be loosened as soon as this can be 

accomplished without damage to concrete. 

 

5. Formwork for columns, walls, sides of beams, and other parts not 

supporting weight of concrete may be removed as soon as concrete has 

hardened sufficiently to resist damage from removal. 

 

6. Where no reshoring is planned, forms and shoring used to support weight 

of concrete shall be left in place until concrete has attained its specified 

28-day compressive strength. 

 

7. When shores and other vertical supports are so arranged that non-load-

carrying form facing material may be removed without loosening or 

disturbing shores and supports, facing material may be removed when 

concrete has sufficiently hardened to resist damage from removal. 

 

 

 

**END OF SECTION**
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 SECTION 03200 

 

 CONCRETE REINFORCEMENT 

 

 

PART 1--GENERAL 

 

1.01 DESCRIPTION 

 

 This section specifies reinforcing steel for use in reinforced concrete and masonry. 

 

1.02 QUALITY ASSURANCE 

  

 A. REFERENCES: 

 

 This section contains references to the following documents.  They are a part of this section 

as specified and modified.  Where a referenced document contains references to other standards, 

those documents are included as references under this section as if referenced directly.  In the event 

of conflict between the requirements of this section and those of the listed documents, the 

requirements of this section shall prevail. 

 

 Unless otherwise specified, references to documents shall mean the documents in effect at 

the time of Advertisement for Bids or Invitation to Bid (or on the effective date of the Agreement if 

there were no Bids).  If referenced documents have been discontinued by the issuing organization, 

references to those documents shall mean the replacement documents issued or otherwise identified 

by that organization or, if there are no replacement documents, the last version of the document 

before it was discontinued.  Where document dates are given in the following listing, references to 

those documents shall mean the specific document version associated with that date, regardless of 

whether the document has been superseded by a version with a later date, discontinued or replaced. 

 

Reference Title 

ACI 117 

 

Standard Specifications for Tolerances for Concrete 

Construction and Materials 

ACI 315 Details and Detailing of Concrete Reinforcement 

ACI 318 

 

Building Code Requirements For Structural Concrete 

and Commentary 

ACI SP-66 ACI Detailing Manual 

ASTM A615  Deformed and Plain Billet-Steel Bars for Concrete 

Reinforcement 

ASTM A706 Low-Alloy Steel Deformed Bars for Concrete 

Reinforcement 
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Reference Title 

ASTM A1064 

 

AWS D1.4 

Carbon-Steel Wire and Welded Wire Reinforcement, 

Plain and Deformed, for Concrete 

Structural Welding Code--Reinforcing Steel 

CRSI-PRB Recommended Practice for Placing Reinforcing Bars 

CRSI-MSP 1 Manual of Standard Practice 

FEDSPEC QQ-W-461H Wire, Steel, Carbon (Round, Bare, and Coated) 

 

 

B. SHIPPING, HANDLING AND STORAGE: 

  

 Reinforcing steel shall be shipped to the jobsite with attached plastic or metal tags having 

permanent mark numbers which match the shop drawing mark numbers.  All reinforcing shall be 

supported and stored above ground.  Use only plastic tags secured to the reinforcing steel bars. 

 

C. FABRICATION: 

 

 Reinforcing steel bars shall be fabricated in accordance with ACI 315 and the following 

tolerances: 

1. Sheared lengths shall be within +/- 1 inch. 

2. Overall dimensions of stirrups, ties, and spirals shall be within +/- ½ inch. 

3. All other bends shall be within +0 inch, -½ inch 

4. Minimum diameter of bends of reinforcing steel bars shall be as indicated in 

ACI 318.  

1.03 SUBMITTALS 

 

 Submittals shall be provided in accordance with Section 01300 and shall include the 

following: 

 

1. Mill certificates of mill analysis, tensile, and bend tests for all reinforcing. 

 

 

2.   Qualifications of welding operators, welding processes and procedures if 

used. 

 

3. Reinforcing steel shop drawings showing reinforcing steel bar quantities, 

sizes, spacing, dimensions, configurations, locations, mark numbers, lap 

splice lengths and locations, concrete cover and reinforcing steel supports. 
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Reinforcing steel shop drawings shall be of sufficient detail to permit 

installation of reinforcing steel without reference to the contract drawings. 

Shop drawings shall not be prepared by reproducing the plans and details 

indicated on the contract drawings but shall consist of completely redrawn 

plans and details as necessary to indicate complete fabrication and 

installation of reinforcing steel, including large scale drawings at joints 

detailing bar placement in congested areas. Placement drawings shall be in 

accordance with ACI 315.  Reinforcing details shall be in accordance with 

ACI SP-66. 

 

PART 2--PRODUCTS 

 

2.01 BAR REINFORCEMENT 

 

 Reinforcing steel bars shall be deformed billet steel in conformance with ASTM A615, 

Grade 60.  Bars to be welded shall be deformed billet steel conforming to ASTM A706.   

 

2.02 WIRE FABRIC 

 

 Wire fabric shall be welded steel mesh conforming to ASTM A1064. 

 

2.03 WIRE AND PLAIN BARS 

 

 Wire used as reinforcement and bars used as spiral reinforcement in structures shall be cold 

drawn steel conforming to ASTM A1064. 

 

2.04 SMOOTH DOWEL BARS 

 

 Smooth dowel bars shall conform to ASTM A615, Grade 60, with a metal end cap at the 

greased or sliding end to allow longitudinal movement. 

 

2.05 TIE WIRE 

 

 The wire shall be minimum 16 gage annealed steel conforming to FEDSPEC QQ-W-461H. 

 

2.06 BAR SUPPORTS 

 

Bar supports coming into contact with forms shall be CRSI Class 1 plastic protected or Class 2 

stainless steel protected and shall be located in accordance with CRSI MSP-1 and placed in 

accordance with CRSI PRB.   

 

1. Manufactured concrete block supports with embedded tie wires (wire 

dobies) shall be provided for footing and slabs on grade.  Do not use brick, 

broken concrete masonry units, spalls, rocks, construction debris, or similar 

material for supporting reinforcing steel. 
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2. Stainless steel or plastic protected plain steel supports shall be provided for 

other work. 

 

 

PART 3--EXECUTION 

 

3.01 TOLERANCE 

 

 Reinforcing steel placement tolerance shall conform to the requirements of ACI 117, ACI 

318, and the following: 

 

1. Reinforcing steel bar clear distance to formed surfaces shall be within +/- ¼  

inch of specified clearance and minimum spacing between bars shall be a 

maximum of ¼ inch less than specified.  

  

2. Reinforcing steel top bars in slabs and beams shall be placed +/- 3/8 inch of  

specified depth in members 8 inches deep or less and +/- ½ inch of specified 

depth in members greater than 8 inches deep.  

 

3. Reinforcing steel spacing shall be placed within +/- one bar diameter or +/- 1 

inch, whichever is greater. 

 

4. The minimum clear distance between reinforcing steel bars shall be equal to  

the greater of 1 inch or the reinforcing steel bar diameter for beams, walls 

and slabs, and the greater of 1 ½ inches or 1.5 times the reinforcing steel bar 

diameter for columns. 

  

5. Beam and slab reinforcing steel bars shall be threaded through column  

vertical reinforcing steel bars without displacing the column reinforcing steel 

bars and still maintain clear distances for beam and slab reinforcing steel 

bars.  

 

3.02 CONCRETE COVER 

 

Unless specified otherwise on the Drawings, reinforcing steel bar cover shall conform to the 

following: 

 

1. Reinforcing steel bar cover shall be 3 inches for concrete cast against earth. 

 

2. Reinforcing steel bar cover shall be 2 inches for reinforcing steel bars for  

formed concrete surfaces exposed to earth and weather. 

  

3. Reinforcing steel bar cover shall be 2 inches for any formed surfaces  

exposed to or above any liquid. 
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4. Reinforcing steel bar cover shall be 1 ½ inches for reinforcing not in the 

above categories unless noted otherwise on the design drawings. 

  

3.03 SPLICING 

 

 Reinforcing steel splicing shall conform to the following: 

 

1. Class B splice lengths in accordance with ACI 318 shall be used for all 

reinforcing steel bars unless shown otherwise on the drawings. 

2. For welded wire fabric the splice lap length measured between the outermost 

cross wires of each fabric sheet shall not be less than one spacing of cross 

wires plus 2 inches, nor less than 1.5 times the development length nor less 

than 6 inches. 

 

3. Splices of reinforcement steel bars not specifically indicated or specified 

shall be subject to the approval of the ENGINEER.  Mechanical proprietary 

splice connections may be used when approved by the ENGINEER or as 

indicated on the drawings. 

 

4. Welding of reinforcing steel bars is not allowed unless approved by the 

ENGINEER. 

   

 

3.04 CLEANING 

 

 Reinforcing steel bars at time of concrete placement shall be free of mud, oil, loose rust, or 

other materials that may affect or reduce bond.  Reinforcing steel bars with rust, mill scale or a 

combination of both may be accepted without cleaning or brushing provided dimensions and 

weights including heights of deformation on a cleaned sample are not less than required by 

applicable ASTM standards.  

 

3.05 PLACEMENT 

 

Reinforcing steel bar placement shall conform to the following: 

 

1. Uncoated reinforcing steel bars shall be supported and fastened together to 

prevent displacement by construction loads or concrete placement. For 

concrete placed on ground, furnish concrete block supports or metal bar 

supports with non-metallic bottom plates. For concrete placed against forms 

furnish plastic or plastic coated metal chairs, runners, bolsters, spacers and 

hangers for the reinforcing steel bar support. Only tips in contact with the 

forms require a plastic coating. 
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2. Reinforcement shall be extended to within 2 inches of formed edges and 3 

inches of the concrete perimeter when concrete is placed against earth. 

 

3. Reinforcing steel bars shall not be bent after embedding in hardened concrete 

unless approved by the ENGINEER. 

 

4. Tack welding or bending reinforcing steel bars by means of heat is 

prohibited. 

 

5. Where required by the contract documents, reinforcing steel bars shall be 

embedded into the hardened concrete utilizing an adhesive anchoring system 

specifically manufactured for that application.  Installation shall be per the 

manufacturer’s written instructions. 

 

6. Bars with kinks or with bends not shown shall not be used. 

 

7. Heating or welding bars shall be performed in accordance with AWS D1.4 

and shall only be permitted where specified or approved by the ENGINEER.  

Bars shall not be welded at the bend. 

 

3.06 FIELD QUALITY CONTROL 

 

Field quality control shall include the following: 

 

1. The CONSTRUCTION MANAGER shall be notified whenever the 

specified clearances between the reinforcing steel bars cannot be met. The 

concrete shall not be placed until the CONTRACTOR submits a solution to 

the congestion problem and it has been approved by the ENGINEER. 

  

2. The reinforcing steel bars may be moved as necessary to avoid other 

reinforcing steel bars, conduits or other embedded items provided the 

tolerance does not exceed that specified in Section 3.01.  The ENGINEER’s 

approval of the modified reinforcing steel arrangement is required where the 

specified tolerance is exceeded.  No cutting of the reinforcing steel bars shall 

be done without written approval of the ENGINEER.  

 

3. An independent laboratory shall be employed to review and approve 

CONTRACTOR welding procedures and qualify welders in accordance with 

AWS D1.4. The laboratory shall visually inspect each weld for visible 

defects and conduct non-destructive field testing (radiographic or magnetic 

particle) on not less than one sample for each 10 welds.  If a defective weld 

is found, the previous 5 welds by the same welder shall also be tested.  
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 **END OF SECTION** 
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 SECTION 03300 

 

 CAST-IN-PLACE CONCRETE 

 

PART 1--GENERAL 

 

1.01 DESCRIPTION 

 

 This section specifies cast-in-place concrete which consists of furnishing all material, 

mixing and transporting equipment, and performing all labor for the proportioning, mixing, 

transporting, placing, consolidating, finishing, and curing of concrete in the structure.   

 

1.02 QUALITY ASSURANCE 

 

 

A. QUALITY CONTROL BY OWNER: 

 

Special Inspection of concrete work shall be performed by the Special Inspector under 

contract with the OWNER and in conformance with the IBC Chapter 17.  Special Inspector(s) and 

laboratory shall be acceptable to the OWNER in their sole discretion.  Special Inspection of 

concrete is in addition to, but not replacing, other inspections and quality control requirements 

herein.  Where sampling and testing required herein conforms to Special Inspection standards, such 

sampling and testing need not be duplicated. 

 

 All structural concrete work shall receive Special Inspection in accordance with IBC 

Chapter 17.  Structural concrete includes all elements which resist code-defined loads and whose 

failure would impact life safety.  Non-structural site work concrete does not require Special 

Inspection.  Anchor bolts and anchors installed in hardened concrete require Special Inspection. 

 

 OWNER approved testing shall be in accordance with Section 01400. 

 

B. QUALITY CONTROL BY CONTRACTOR: 

 

 Where required to demonstrate conformance with the specified requirements for cast-in-

place concrete, the CONTRACTOR shall provide the services of an independent testing laboratory 

which complies with the requirements of ASTM E329.  The testing laboratory shall sample and test 

concrete materials as specified in paragraphs 03300-2.01, 2.02, and 3.15.  Costs of testing laboratory 

services shall be borne by the CONTRACTOR. 

 

 C. BASIS FOR QUALITY: 

 

 Cast-in-place concrete shall conform to the requirements of ACI 301, except as modified 

herein. 

 

 D. REFERENCES: 
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 This section contains references to the following documents.  They are a part of this section 

as specified and modified.  Where a referenced document contains references to other standards, 

those documents are included as references under this section as if referenced directly.  In the event 

of conflict between the requirements of this section and those of the listed documents, the 

requirements of this section shall prevail. 

 

 Unless otherwise specified, references to documents shall mean the documents in effect at 

the time of Advertisement for Bids or Invitation to Bid (or on the effective date of the Agreement if 

there were no Bids).  If referenced documents have been discontinued by the issuing organization, 

references to those documents shall mean the replacement documents issued or otherwise identified 

by that organization, or if there are no replacement documents, the last version of the document 

before it was discontinued.  Where document dates are given in the following listing, references to 

those documents shall mean the specific document version associated with that date, regardless of 

whether the document has been superseded by a version with a later date, discontinued, or replaced. 

Reference Title 

ACI 117 Tolerances for Concrete Construction and Materials 

ACI 211.1 Selecting Proportions for Normal, Heavy Weight and Mass Concrete 

ACI 214R Evaluation of Strength Test Results of Concrete 

ACI 301 Structural Concrete for Buildings 

ACI 305.1 Specification for Hot Weather Concreting 

ACI 306.1 Standard Specification for Cold Weather Concreting 

ACI 318-14 

 

Building Code Requirements for Structural Concrete 

 

ASTM C31 Making and Curing Concrete Test Specimens in the Field 

ASTM C33 Concrete Aggregates 

ASTM C39 Compressive Strength of Cylindrical Concrete Specimens 

ASTM C40 Organic Impurities in Fine Aggregate for Concrete 

ASTM C42 Obtaining and Testing Drilled Cores and Sawed Beams of Concrete 

ASTM C88 Soundness of Aggregates by Use of Sodium Sulfate or Magnesium Sulfate 

ASTM C94 Ready-Mixed Concrete 

ASTM C117 Materials Finer Than 75-m (No. 200) Sieve in Mineral Aggregates by 

Washing 

ASTM C131 Resistance to Degradation of Small-Size Coarse Aggregate by Abrasion and 

Impact in the Los Angeles Machine 

ASTM C136 Sieve Analysis of Fine and Coarse Aggregates 
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Reference Title 

ASTM C142 Clay Lumps and Friable Particles in Aggregates 

ASTM C143 Slump of Hydraulic Cement Concrete  

ASTM C150 Portland Cement 

ASTM C157 Length Change of Hardened Cement Mortar and Concrete 

ASTM C172 Sampling Freshly Mixed Concrete 

ASTM  C192 Making and Curing Concrete Test Specimens in the Laboratory 

ASTM C231 Air Content of Freshly Mixed Concrete by the Pressure Method 

ASTM C260 Air-Entraining Admixtures for Concrete 

ASTM C309 Liquid Membrane-Forming Compounds for Curing Concrete 

ASTM C494 Chemical Admixtures for Concrete 

ASTM C595 Blended Hydraulic Cements 

ASTM C618 Coal Fly Ash and Raw or Calcined Natural Pozzolan for Use in Concrete 

ASTM C881 Epoxy-Resin-Base Bonding Systems for Concrete 

ASTM C989 Slag Cement for use in Concrete and Mortars 

ASTM C1059 Latex Agents for Bonding Fresh to Hardened Concrete 

ASTM C1260 Potential Alkali Reactivity of Aggregates (Mortar-Bar Method) 

ASTM C1567 Potential Alkali-Silica Reactivity of Combinations of Cementitious Materials 

and Aggregate (Accelerated Mortar Bar Method) 

ASTM C1602 

ASTM D75 

Mixing Water Used in the Production of Hydraulic Cement Concrete 

Sampling Aggregates 

ASTM D2419 Standard Test Method for Sand Equivalent Value of Soils and Fine Aggregate 

ASTM E329 Agencies Engaged in Construction Inspection and/or Testing 

CRD-C572 U.S. Corps of Engineer’s Specifications for Polyvinylchloride Waterstop 

IBC 2015 International Building Code with local amendments 

 

 

 

1.03 SUBMITTALS 

 

The following information shall be provided in accordance with Section 01300: 

 

1. Each proposed mix design showing (a) the expected strength at 7 and 28 days, 

(b) corresponding slump before and after the introduction of high-range water-

reducing admixtures, (c) water/cement ratios, (d) weights and test results of the 
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ingredients, (e) aggregate gradation, (f) test results of mix design prepared by an 

independent testing laboratory, and (g) other physical properties necessary to review 

each mix design for conformance with these specifications. Mix design proposed 

shall be sealed by a Professional Engineer registered in the state of Arizona. 

 

2. Product literature and technical data for aggregates, cement, and pozzolan. 

 

3. Product literature, technical data and dosage of all proposed admixtures including, 

but not limited to, air entraining, water reducing and/or retarding admixtures. 

 

4. Anticipated average delivery time from batch plant to site.  If this time exceeds the 

limit specified in paragraph 3.02, include proposed method to extend set time 

without deleterious effects on final product.  The ENGINEER reserves the right, in 

their sole discretion, to accept or reject such proposed methods. 

 

5. Curing program description in sufficient detail to demonstrate acceptable strength, 

finish and crack control as specified. 

 

6. Product literature and technical data for waterstops, curing and sealing compounds, 

bonding compounds, epoxy and chemical grout for crack injection, and retardant.. 

 

7. Samples of concrete floor and slab finishes are specified in paragraph 3.12 E. 

 

8. Concrete delivery truck tickets showing the information listed in ASTM C94, 

section 14. 

 

9. The CONTRACTOR shall prepare concrete placement drawings.  The placement 

drawings shall include the intended placement sequencing, location of each 

placement, the size of the concrete placements, joint locations, embedded items, slab 

high points and low points, and waterstop locations.  Each placement shall also be 

label with a mix design and the type of finish the concrete surface is to receive. 

 

PART 2--PRODUCTS 

 

2.01 MATERIALS 

 

 A. CEMENT: 

  

 Portland cement shall be ASTM C150, Type V, low alkali, containing less than 0.60 percent 

alkalis.  In addition to standard requirements, cement shall satisfy optional chemical and physical 

requirements of ASTM C150, Tables 2 and 4, respectively. 

 

If low alkali cement is not available, aggregates shall show an expansion of less than 0.1% 

when tested in accordance with ASTM C1260 or ASTM C1567 concrete mix test results shall be 
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submitted verifying that the aggregates are not reactive per the criteria in this standard.  ASTM 

C1260 and ASTM C1567 results shall be no older than 1 year. 

 

Portland-pozzolan cement shall be ASTM C595, Type IP (HS), interground, low alkali. 

Portland-limestone cement shall be ASTM C595, Type IL (HS), interground, low alkali. 

 

Use cementitious materials that are of the same brand and type and from the same plant of 

manufacture as the cementitious materials used in the concrete represented by the submitted field 

test records or used in the trial mixtures.  See Section 2.01G. 

 

B. GROUND GRANULATED BLAST-FURNACE SLAG: 

 

Ground granulated blast-furnace slag (GGBFS), if used in conjunction with Portland 

cement, shall be per ASTM C989. 

 

C. AGGREGATES: 

  

  1. GENERAL:  Except as modified herein, fine and coarse aggregates shall 

conform to ASTM C33.  Fine and coarse aggregates shall be regarded as separate ingredients.  

Aggregates shall be non-reactive and shall be washed before use.   

 

 Aggregates shall be checked for alkali-silica reactive constituents per ASTM C1260.  

Aggregate shall have less than 0.1% expansion when tested in accordance with ASTM C1260.  

Aggregates having 0.1% or greater expansion when tested in accordance with ASTM C1260 may 

still be satisfactory provided ASTM C1567 concrete mix test results are submitted and show an 

expansion of less than 0.1% at 16 days.  ASTM C1260 and ASTM C1567 test results shall be no 

older than 1 year.  

 

Tests for size and grading of fine and coarse aggregates shall be in accordance with 

ASTM C136.  Combined aggregates shall be well and uniformly graded from coarse to fine sizes to 

produce a concrete that has optimum workability and consolidation characteristics.  The final 

combined aggregate gradation shall be established during the design mix. 

 

 Aggregates used in the concrete shall be obtained from the same sources and have the same 

size ranges as the aggregates used in the concrete represented by the submitted historical data or 

trial mixtures.  See Section 2.01G. 

 

  2. FINE AGGREGATE:  Fine aggregate shall be hard, dense, durable particles 

of either sand or crushed stone regularly graded from coarse to fine.  Gradation shall conform to 

ASTM C33.  For classes of concrete which will be used in liquid retaining structures, fine aggregate 

shall not exceed 40 percent by weight of combined aggregate total, except for concrete with coarse 

aggregate of less than maximum size 1/2 inch. 
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 Variations from the specified gradations in individual tests will be acceptable if the average 

of three consecutive tests is within the specified limits and the variation is within the permissible 

variation listed below: 

 

U.S. standard 

sieve size 

Permissible variation in 

individual tests, percent 

30 and coarser 2 

50 and finer 0.5 

 

 Other tests shall be in accordance with the following specifications: 

 

Test Test method Requirements 

Amount of material  ASTM C117 3 percent passing No. 200 sieve maximum 

by weight 

Sand equivalent ASTM D2419 Minimum 70 

 

  3. COARSE AGGREGATE:  Coarse aggregate shall be hard, dense and 

durable gravel or crushed rock free from injurious amounts of soft and friable particles, alkali, and 

organic matter.  Other deleterious substances shall not exceed the limits listed in ASTM C33, 

Table 3 for Class Designation 5S.  Gradation of each coarse aggregate size specified in paragraph 

03300-2.02 A shall conform to ASTM C33, Table 2. 

 

 Variations from the specified gradations will be acceptable in individual tests if the average 

of three consecutive tests is within the specified limits. 

 

 D. POZZOLAN: 

 

 Pozzolan shall be Class F fly ash conforming to ASTM C618.  Class C fly ash is not 

allowed.  Pozzolan supplied during the life of the project shall have been formed at the same single 

source.  See Section 2.01G. 

 

 The pozzolan color shall not substantially alter the resulting concrete from the normal gray 

color and appearance. 

 

Use pozzolan materials that are of the same brand and type and from the same plant of 

manufacture as the materials used in the concrete represented by the submitted field test records or 

used in the trial mixtures. 

 

 E. ADMIXTURES: 

 

  1. GENERAL:  Admixtures shall be compatible with the concrete and with 

each other.  Calcium chloride or admixtures containing calcium chloride are not acceptable.  

Admixtures shall be used in accordance with the manufacturer's recommendations and shall be 
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added separately to the concrete mix.  The water reducing retarders and admixtures shall reduce the 

water required by at least 11 percent for a given concrete consistency and shall comply with the 

water/cement ratio standards of ACI 211.1.  Retarder dosage shall result in set time consistent with 

paragraph 3.02. 

 

2. WATER REDUCING ADMIXTURES:  Water reducing admixtures shall 

conform to ASTM C494, Type A.  Acceptable products include: BASF “MasterPozzolith 322”; 

SIKA Chemical Corp. “Plastocrete 161”; Euclid Chemical Co. “Eucon WR91”; or equal. 

 

3. WATER REDUCING AND RETARDING ADMIXTURES:  Water 

reducing and retarding admixtures shall conform to ASTM C494, Type D.  Acceptable products 

include: BASF “MasterPozzolith80”; Sika Chemical Corp. “Plastiment”; Euclid Chemical Co. 

“Eucon Retarder 75”; or equal. 

 

4. HIGH RANGE WATER REDUCING ADMIXTURES:  High range water 

reducing (superplasticizing) admixtures shall conform to ASTM C494, Type F.  Acceptable 

products include: BASF “MasterGlenium” Series; Sika Chemical Corp. “Viscocrete 2100” or 

“Viscocrete 2110” (Hot Weather) or “Viscocrete 6100” (Cold Weather); Euclid Chemical Co. 

“Eucon 37”; W.R. Grace “ADVA 195”; or equal. 

 

5. HIGH RANGE WATER REDUCING AND RETARDING 

ADMIXTURES:  High range water reducing and retarding admixtures shall conform to 

ASTM C494, Type G.  Acceptable products include: W.R. Grace “Daracem 100”; Euclid Chemical 

Co. “Eucon 537”; or equal. 

 

6. AIR ENTRAINING AGENT:  Air entraining agent shall conform to 

ASTM C260.  Acceptable products include: BASF “MB-AE 90”; Sika Chemical Corp. “AEA-15”; 

Euclid Chemical Co. “AEA-92”; or equal.  The air entraining agent added shall produce, in 

accordance with ASTM C260, an entrained air content specified in paragraph 03300-2.02 A for 

each class of concrete. 

 

 

 F. WATER: 

 

 Water for washing aggregate, for mixing and for curing shall be free from oil and 

deleterious amounts of acids, alkalis, and organic materials; and shall comply with the requirements 

of ASTM C1602.   Additionally, water used for curing shall not contain an amount of impurities 

sufficient to discolor the concrete. 

 

G. CHANGE OF MATERIALS: 

 

After each concrete mix design is approved by the ENGINEER, no changes of any sort or 

source will be allowed without prior written approval from the ENGINEER.  When brand, type, 

size, or source of cementitious materials, aggregates, water, ice, or admixtures are proposed to be 

changed, new field data, data from new trial mixtures, or evidence that indicates that the change will 
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not affect adversely the relevant properties of the concrete shall be submitted for approval by the 

ENGINEER before use in concrete. 

 

2.02 CONCRETE CHARACTERISTICS 

 

 A. MIX PROPORTIONING: 

 

 Concrete shall be normal weight concrete composed of specified cement, pozzolan, 

admixtures, aggregates and water proportioned and mixed to produce a workable, strong, dense, and 

impermeable concrete.  The CONTRACTOR may substitute interground Portland-pozzolan cement 

or interground Portland-limestone cement conforming to ASTM C595, containing the specified 

amount of pozzolan or limestone in lieu of Portland cement and pozzolan.  Water-cementitious 

material (w/cm) ratio is based on the combined contents of cement and pozzolan in a given mix 

proportion. 

 

 Concrete shall be provided in accordance with the following: 

 
 

Concrete 

class 

ASTM 

coarse 

aggregate 

size 

Maximum 

water-

cementitio

us 

materials 

(w/cm) 

ratio 

 

Minimum 

Cementitious 

Materials 

Content 

(pounds/CY) 

Pozzolan, 

percent by 

weight of 

cementitious 

materials 

Air 

content 

(percent) 

Minimuma 

28-day 

compressive 

strength, psi 

 

 

Slump Ranged 

 (inches) 

B 57 or 67 0.45 560 15-20c 4-6 3000 3-5 

C 57 or 67 0.40 560 15-20 4-6 4500 3-5 

        

Eb 57 -- - 15-20c Not 

Required 

2000 4-8 

____________________ 
a Compressive strength shall be determined at the end of 28 days based on test cylinders made and tested in 

accordance with ASTM C39.  
b Concrete encasement for electrical conduit shall contain 3 pounds of red oxide per sack of cement. 
c Pozzolan use optional for this class of concrete. 
d Slump before addition of high range water reducing admixture (superplasticizer).  Maximum slump after addition of 

high range water reducing admixture shall be 8”. 

 

 B. USE: 

 

 Concrete shall be provided by class for the corresponding use listed as follows: 

 

Type of use Class of  concrete 

Non-structural concrete (sidewalks, curbs, 

pavers, etc.) 

B 
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Type of use Class of  concrete 

Typical cast-in-place structural concrete and 

concrete fill  

C 

  

Pipe bedding and encasement, electrical 

conduit encasement (duct banks) 

E 

 

 C. CONTROL TESTS: 

 

 1. GENERAL:  Before beginning concrete work, the CONTRACTOR shall 

determine the proper proportions of materials for each class of concrete.  The mix shall consist of 

specified cement, pozzolan, admixtures, aggregate and water.  Methods for selecting and adjusting 

proportions of the ingredients shall be in accordance with ACI 211.1.  Verification of mix 

characteristics for submittal may be achieved using either the Trial Mix Design method or Field 

Experience method.  Concrete shall not be placed in the field prior to review and acceptance of mix 

proposed. 

 

 2. TRIAL MIX DESIGN:  Each class of concrete and/or mix verified by this 

method shall be manufactured at the batch plant which will supply concrete to the project using 

materials proposed for the Work and material combinations listed in paragraphs 2.01 and 202.  

Testing, data and reporting shall conform to ACI 318 Section 5.3 and the following: 

 

(a) Required compressive strength used as the basis for selecting concrete proportions (f’cr) 

shall be the specified concrete strength (f’c) + 1000 psi for specified concrete strengths 

less than 3,000 psi and f’c + 1200 psi for specified concrete strengths between 3000 psi 

and 5000 psi.  

 

(b) Make at least three trial different mixtures for each class of concrete qualified by the 

Trial Mix Design.  Each trial mixture shall have a different w/cm ratio or different 

cementitious materials content that will produce a range of compressive strengths 

encompassing f’cr. 

 

(c) Trial mixtures shall be designed to produce a slump within ¾ in. of the maximum 

specified and for air-entrained concrete, an air content within 0.5% of the maximum 

allowable air content. 

 

(d) For each w/cm ratio or cementitious materials content, at least twelve standard test 

cylinders shall be cast and cured in accordance with ASTM C192.  Four cylinders from 

each batch shall be tested at age 7 days, 14 days, and 28 days or as required to comply 

with ACI 318 Section 5.3.  

 

(e) From results of the cylinder tests, plot a curve showing the relationship between w/cm 

ratio and compressive strength. 
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(f) From the curve of w/cm ratio versus compressive strength, select the w/cm ratio that 

will produce f’cr.  This is the maximum w/cm ratio that shall be used unless a lower 

w/cm ratio is specified in paragraph 2.02A. 

 

  3. FIELD EXPERIENCE DATA:  When sufficient test data for a particular 

mix design is available which is identical or substantially similar to that proposed for use, 

CONTRACTOR may substitute use of this data in lieu of a trial mix design.  Field data, reports, and 

analysis shall conform to ACI 318 Section 5.3, except as modified herein.  Historical mix design 

proportions for which data are submitted may vary from the specified mix within the following 

limits:  (a) f’c as specified or up to 500 psi above; (b) w/cm ratio as specified or lower; (c) pozzolan 

content within 5 percent of that specified; (d) maximum coarse aggregate size may not vary smaller, 

but gradation of coarse aggregate may vary; (e) fine aggregate fraction within +0/ 5 percent of that 

specified; and (f) slump after introduction of admixtures +0/-1 inch.  Use of historical mix design 

data does not allow modification of the project mix specifications herein without the express review 

and acceptance of the ENGINEER.   

 

 

2.03 BONDING COMPOUNDS 

 

Epoxy resin bonding compounds to be used for wet areas shall conform to ASTM C881 

Types IV or V, Class A, B, or C depending on temperature at use, and Grade to suit geometry and 

installation circumstances.  Acceptable products include: BASF “Concresive Paste SPL” or 

“Concresive 1490”, as applicable; Sika Chemical Corporation “Sikadur 35” or Sikadur 32”, as 

applicable; or equal. 

 

 Non-epoxy bonding compounds may be used in dry areas for non-structural bonding or as 

specifically noted on the drawings only and shall conform to ASTM C1059 Type II.  Acceptable 

products include: Edoco “Burke Acrylic Bondcrete”; ChemMasters “Cretelox”; or equal. 

 

 Bonding compounds shall be applied in accordance with the manufacturer’s instructions. 

 

2.04 EPOXY FOR CRACK INJECTION 

 

Epoxy for crack injection shall be a two-component, moisture insensitive, high modulus, 

injection grade, 100 percent solids, blend of epoxy-resin compounds.  The consistency shall be as 

required to achieve complete penetration in hairline cracks and larger.  Material shall conform to 

ASTM C881 Type 1 Grade 1.  Acceptable products include Sika Corporation “Sikadur 52”; 

Adhesives Technology Corporation “Crackbond SLV302”; or equal.  Epoxy grout shall be used for 

all crack repairs.   

 

 

2.05 RETARDANT 
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 Retardant for exposing aggregates for unformed surfaces in construction joints shall be Sika 

“Rugasol-S”; W.R. Grace “Top-Cast”; or equal.  Retardant shall be applied in accordance with 

manufacturer’s instructions sufficient to assure a minimum penetration of 1/4 inch. 

 

 

2.06 CURING AND SEALING COMPOUNDS 

 

 Curing and sealing compound shall be BASF ”MasterKure CC 250SB”; Dayton Superior 

“Cure & Seal 25% J22UV”; or equal conforming to ASTM C309 and ASTM C1315.   

Curing compound shall be clear and shall be applied in accordance with the manufacturer’s 

instructions, except as otherwise specified.  Curing and sealing compound shall be certified 

compliant with final finish systems. 

 

PART 3--EXECUTION 

 

3.01 GENERAL 

 

 This section covers the production of cast-in-place concrete.  Included are methods and 

procedures for obtaining quality concrete through proper handling, placing, finishing, curing, and 

repair of surface defects.  

 

3.02 CONCRETE 

 

 Concrete shall be truck-mixed, ready-mixed concrete conforming to the applicable portions 

of ASTM C94.  Materials shall be proportioned by weighing.  Pozzolan shall be introduced into the 

mixer with cement and other components of the concrete mix; pozzolan shall not be introduced into 

a wet mixer ahead of other materials or with mixing water.  Water shall be introduced at the time of 

charging the mixer; additional water may be introduced within 45 minutes from charging the mixer, 

provided the specified slump is not exceeded and the maximum total water per the approved mix 

design is not exceeded. CONTRACTOR shall arrange with the testing laboratory for inspection as 

required to comply with these specifications. 

 

 Concrete shall be delivered to the site and discharge shall be completed within 90 minutes 

after introduction of water to the mixture.  Extension of allowable time beyond this limit requires a 

CONTRACTOR proposed remedial action plan to be reviewed and accepted by the ENGINEER. 

 

3.03 CONVEYING AND PLACING CONCRETE 

 

 A. CONVEYING CONCRETE: 

 

 Concrete shall be conveyed from the mixer to the forms in accordance with ACI 301.  

Concrete which has segregated in conveying shall be removed from the site of the work. 

 

 B. PLACING CONCRETE: 
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  1. GENERAL:  Concrete shall be placed in accordance with ACI 301.  Do not 

permit concrete to drop freely more than 4-ft. 

 

  2. PLACING CONCRETE BY PUMPING:  Concrete may be placed by 

pumping at CONTRACTOR’s discretion.  Use of pumping shall not, however, be cause to change 

or relax specified mix design characteristics.  Concrete shall possess the specified characteristics at 

the point of placement. 

 

 Slump shall be measured at the hose discharge, except as follows.  Initial slump testing in 

each pour shall occur at both the pumping unit inlet hopper and hose discharge.  Slump loss in 

pumping, measured between the inlet hopper and the hose discharge, shall not exceed 1 inch.  After 

these criteria have been satisfied, slump may be measured at the inlet hopper with allowable slump 

increased by the earlier measured difference, not to exceed 1 inch.   

 

Air content shall be measured at the hose discharge, except as follows.  Initial air content 

testing shall occur at both the pumping unit inlet hopper and the hose discharge.  Loss of air content 

shall be measured between the inlet hopper and the hose discharge.  The air content of the delivered 

concrete at the inlet hopper shall be increased to provide the specified air content at the hose 

discharge.  After these criteria have been satisfied, air content may be measured at the inlet hopper.  

 

Before starting each pumping operation, the pump and line shall be primed with a cement 

slurry to lubricate the system.  Cement slurry shall be wasted outside the forms.  Hose tip shall be 

equipped with a safety chain for recovery in case of hose blowout during pumping, and in no case 

shall hose or accessories remain in the freshly placed concrete. 

 

Proper tremie placing techniques and equipment shall be used for all pump placed concrete.  

Pump discharge system shall remain full of concrete from pump to discharge point at all times.  

Concrete pumping shall not occur until CONSTRUCTION MANAGER has verified that the proper 

equipment is available, in particular, the tremie plug.  Should the discharge line become open, with 

significant zones empty of concrete, then the pumping shall cease and the line re-primed with tremie 

plug installed before continuing the pour. 

 

  3. PLACING CONCRETE IN HOT WEATHER:  In hot weather (above 

80 degrees F), concrete shall be placed in accordance with ACI 305.1. 

 

  4. PLACING CONCRETE IN COLD WEATHER:  In cold weather (below 

45 degrees F), concrete shall be placed in accordance with ACI 306.1. 

  

C. CONSOLIDATING CONCRETE: 

 

 Concrete shall be consolidated in accordance with ACI 301.  If proper consolidation is not 

occurring, then concrete placing shall be suspended until proper consolidation can be achieved. 

 

3.04 CURING AND SEALING 
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 A. GENERAL: 

 

 Concrete curing shall be completed by water curing or by using a clear membrane curing 

compound or by a combination of both methods.  Repairs or treatment of concrete surfaces shall be 

coordinated so that interruption of the curing will not be necessary. 

 

 Concrete surface temperature shall be maintained between 50 degrees F and 80 degrees F 

for at least 5 days.  Curing concrete in hot weather (above 80 degrees F) shall be in accordance with 

ACI 305.1.  Curing concrete in cold weather (below 45 degrees F) shall be in accordance with 

ACI 306.1. 

 

 B. WATER CURING: 

 

 When water curing is used, concrete shall be kept wet continuously for a minimum of 

10 days after placement.  Absorptive mats or fabric may be used to retain moisture during the curing 

period. 

 

 Unless otherwise specified, water curing shall be used in hot weather for water containment 

structures.  Forms shall be covered and kept moist.  The forms shall be loosened as soon as possible 

without damage to the concrete, and provisions made for curing water to run down inside them.  

During form removal, care shall be taken to provide wet cover to newly exposed surfaces. 

 

 C. CURING COMPOUND: 

 

 When curing compound is used, it shall be applied as soon as the concrete has set 

sufficiently so as not to be marred by the application or immediately following form removal for 

vertical and other formed surfaces.  Preparation of surfaces, application procedures, and installation 

precautions shall be followed in strict compliance with the manufacturer’s instructions.  Curing 

compound shall be applied at twice the manufacturer’s recommended dosage rate in two coats 

applied perpendicular to each other.  Use of curing compound for other than liquid containing 

structures shall be in accordance with the manufacturer’s recommendations. 

 

 Curing compound shall not be used on concrete surfaces to be coated, waterproofed, 

moisture-proofed, tiled, roofed, or where other coverings are to be bonded, unless the curing 

compound is compatible with the final finish covering or it is removed prior to covering. 

 

3.05 PROTECTION 

 

 Concrete shall be protected from injurious action by sun, rain, flowing water, frost and 

mechanical injury. 

 

Loading green concrete will not be permitted. Green concrete is defined as concrete with 

less than 100 percent of the specified strength. 
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Unless otherwise shown on the Drawings, no backfill shall be placed against concrete 

walls until the concrete has reached the specified strength and the connecting slabs and beams 

have been cast and have reached the specified strength. 

 

 Arrangements for covering, insulating, and protecting concrete in cold weather shall be in 

accordance with ACI 306.1. 

 

3.06 CONSTRUCTION JOINTS 

 

 A. GENERAL: 

 

 Concrete in each unit of construction shall be placed continuously.  Before new concrete is 

placed on or against concrete which has set, forms shall be retightened and the surface of the set 

concrete shall be cleaned of foreign matter.  Watertight joints shall be provided as specified in 

paragraph 03300-3.09. 

 

 B. CONSTRUCTION: 

 

 Construction joints shall be formed as specified.  A rough surface of exposed concrete 

aggregates shall be produced using a surface retardant at construction joints, including joints 

between the slab and topping concrete.  The limit of the treated surfaces shall be 1 inch away from 

the joint edges.  Within 24 hours after placing, retarded surface mortar shall be removed either by 

high pressure water jetting or stiff brushing or combination of both so as to expose coarse 

aggregates.  A rough surface of exposed aggregate may also be produced by sandblasting followed 

by high pressure water jetting.  Sandblasting, if used, shall remove 1/4 inch of laitance film and 

shall expose coarse aggregate to ensure adequate bond and watertightness at the construction joints. 

 

 Reinforcing steel shall be continued across construction joints.   

 

3.07 INSERTS AND EMBEDMENTS 

 

 A. INSERTS: 

 

 Where pipes, castings or conduits are to pass through structures, the CONTRACTOR shall 

place such pipes or castings in the forms before placing the concrete, or he may provide openings in 

the concrete for subsequent insertion of such pipes, castings or conduits.  Such openings shall be 

provided with waterstops and V-shaped construction joint as shown and shall have a slight flare to 

facilitate grouting and permit the escape of entrained air during grouting.   

Additional reinforcement shall be provided around openings as shown.  Grout fill around 

inserts shall be non-shrink grout as specified in Section 03600. 

 

  Horizontal conduits and pipes, where shown in structural slabs and beams, shall be placed 

between the top and bottom layers of reinforcement.  Spacing and size limitations shall conform to 

ACI 318 Section 6.3 unless specifically approved otherwise by the ENGINEER.  Such conduits and 

pipes shall not run directly beneath a column or, if used, its steel base plate.  Pipe, conduit, dowels, 
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and other ferrous items required to be embedded in concrete construction shall be so positioned and 

supported prior to placement of concrete that there will be a minimum of 2-inches clearance 

between said items and any part of the concrete reinforcement.  The outside diameter of such 

conduits should not exceed one-fourth the slab or beam thickness.  Securing such items in position 

by welding them to the reinforcement will not be permitted.   

 

 B. EMBEDMENTS: 

 

 Miscellaneous metal parts that are to be embedded in the concrete shall be set and secured in 

the forms prior to concrete placement.  Unless otherwise specified, anchor bolts and inserts shall be 

embedded in concrete as shown.  The CONTRACTOR shall provide inserts, anchors or other bolts 

necessary for the attachment of piping, valves, metal parts and equipment.  Nailing blocks, plugs, 

strips, and the like necessary for the attachment of trim, finish, and similar work shall be provided.  

Voids in sleeves, inserts and anchor slots shall be filled temporarily with readily removable material 

to prevent the entry of concrete into the voids.  Operators or sleeves for gate or valve stems shall be 

positioned to clear reinforcing steel, conduit and other embedments, and to align accurately with 

equipment. 

 

 

 

 

3.08 FORMED SURFACE FINISHES 

 

 

 A. REPAIR OF SURFACE DEFECTS: 

 

 Surface defects, including tie holes, minor honeycombing or otherwise defective concrete 

shall be repaired in accordance with ACI 301.  Areas to be patched shall be cleaned.  Minor 

honeycombed or otherwise defective areas shall be cut out to solid concrete to a depth of at least 

1 inch.  The edges of the cut shall be perpendicular to the surface of the concrete.  Patches on 

exposed surfaces shall be finished to match the adjoining surfaces after they have set.  Patches shall 

be cured as specified for the concrete.  Finished surfaces shall be protected from stains and 

abrasions.  Finishes shall be equal in workmanship, texture, and general appearance to that of the 

adjacent concrete.  Concrete with honeycombing which exposes the reinforcing steel or with defects 

which affect structural strength shall be corrected. 

 

 B. FORMED SURFACE FINISHING: 

 

 Formed surfaces shall be finished as soon as practicable after form removal and repair of 

surface defects.  Finishes shall be as follows. 

 

  1. FINISH A:  Finish A shall be a grout-cleaned rubbed finish in accordance 

with ACI 301 except that ALL FORM FINS AND OTHER PROTRUSIONS SHALL BE 

COMPLETELY REMOVED TO THE FINAL SURFACE.  Surfaces shall be lightly sandblasted 

prior to sacking.  Sandblasting shall occur after the specified curing period.  For interior areas not 
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exposed to moisture or weather, water used in the sacking mortar shall be mixed with a PVA 

bonding compound as recommended by the manufacturer.  Finish A shall be provided for interior 

surfaces of equipment rooms and permanently exposed vertical and sloped surfaces.  Finish A shall 

not be provided at concrete surfaces receiving a coating. 

 

  2. FINISH B:  Finish B shall be a smooth surface with all form fins and other 

protrusions completely removed to the final surface.  Finish B shall be provided for coated surfaces.  

See specification 09900 for concrete surface coatings and surface preparation, including filling bug 

holes before coating. 

 

  3. FINISH C:  Finish C shall be a finish which has surface imperfections less 

than 3/8 inch in any dimension.  Surface imperfections greater than 3/8 inch shall be repaired or 

removed and the affected areas shall be neatly patched.  Finish C or smoother shall be provided for 

interior surfaces of wet wells, tanks and channels from 1 foot below minimum water surfaces and 

down and otherwise unfinished interior surfaces. 

 

  4. FINISH D:  Finish D shall be the finish for surfaces which may be left as 

they come from the forms, except that tie holes shall be plugged and defects greater than 1/2 inch in 

any dimension shall be repaired. 

 

 C. SAMPLES OF FORMED SURFACE FINISH: 

 

 A sample concrete panel, 2 feet by 2 feet, representative of formed surface Finish A shall be 

provided to the CONSTRUCTION MANAGER.  The panel shall be representative of the 

workmanship and finish required, including filling of tie holes.  The sample shall be deemed 

acceptable by the CONSTRUCTION MANAGER prior to the start of such work.  The sample shall 

be on display at the job site, and finished surfaces shall match sample. 

 

3.09 SLAB FINISHES 

 

 A. GENERAL: 

 

 The finishes specified herein include surface finishes, treatments and toppings for floors and 

slabs.  Dry cement shall not be used on new concrete surfaces to absorb excess moisture.  Edges 

shall be rounded to a radius of 1/2 inch.  Joints shall be grooved to a radius and depth of 1/4 inch 

each.  Finishes shall match the sample panels provided under paragraph 03300-3.12E. 

  

Floors shall be sloped to drain uniformly within a room or space.  Unless otherwise 

specified, slope shall be a minimum of 1/8 inch per foot toward nearest drain.  Where finish is not 

specified, floor slabs shall receive steel troweling.  Use of floor drains with only locally depressed 

slabs shall be coordinated with CONSTRUCTION MANAGER if detailed on the drawings, and 

restricted to locations specifically noted. 

 

 B. FLOAT FINISH: 
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 Floating shall be performed with a hand or power-driven float in accordance with ACI 301.  

Begin floating when the bleed water sheen has disappeared and the surface has stiffened sufficiently 

to permit operation of the specific float apparatus.  Floating of any one area shall be the minimum 

necessary to produce a finish that will meet tolerance requirements of ACI 117 for a conventional 

surface.  Refloat the slab immediately to a uniform texture.  Floating shall compact and smooth the 

surface and close any cracks and checking of surfaces.  Float finish shall be applied to surfaces of 

channel, tank bottom slabs, tops of footings, and steps and surfaces to receive roofing and 

insulation. 

 

 C. STEEL TROWEL FINISH: 

 

 Float the concrete surface and then trowel in accordance with ACI 301.  Immediately after 

final troweling, the surface shall be cured and protected as specified in paragraphs 03300-3.04 and 

03300-3.05.  Steel trowel finish shall be provided on floors unless specified otherwise.   

 

 D. BROOMED FINISH: 

 

 Immediately after concrete has received a floated finish, give the concrete surface a coarse 

transverse scored texture by drawing a broom or burlap belt across the surface in accordance with 

ACI 301.  Broomed finish shall be provided for walks, slabs-on-grade exposed to atmosphere, and 

where otherwise indicated or specified. 

 E. SAMPLES OF CONCRETE FLOOR FINISHES: 

 

 

 A sample concrete panel, 2 feet by 2 feet, representative of each specified finish, shall be 

provided to the CONSTRUCTION MANAGER.  The panels shall be representative of the 

workmanship and finishes required.  Samples shall be approved in field prior to the start of such 

work. 

 

3.10 RELATED SURFACES 

 

 

 A. FINISHING OF UNFORMED SURFACES: 

 

  1. RELATED UNFORMED SURFACES:  Tops of walls or buttresses, 

horizontal offsets, and similar unformed surfaces occurring adjacent to formed surfaces shall be 

struck smooth after concrete is placed and shall be floated to a texture reasonably consistent with 

that of the adjacent formed surfaces.  Final treatment of formed surfaces shall continue uniformly 

across the unformed surfaces. 

 

  2. PAVEMENTS AND SIDEWALKS:  The surfaces of the concrete shall be 

screeded to grade and sloped to drain.  After screeding, the surface shall receive a broomed finish as 

specified in paragraph 03300-3.12 D.  Edges and expansion joints shall be rounded to a radius of 

½ inch.  Joints shall be grooved to a radius and depth of 1/4 inch each. 
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3.11 FIELD SAMPLING AND TESTS 

 

 A. GENERAL: 

 

 Field sampling and testing shall be performed by the independent testing laboratory. 

Samples of aggregates and concrete shall be taken at such times to represent the quality of the 

materials and work throughout the project.  The laboratory shall provide the necessary labor, 

materials and facilities for sampling the aggregate and for casting, handling and initially storing the 

concrete samples at the site of work.  Aggregates shall be sampled in accordance with paragraph 

03300-3.14 B not less than 30 days prior to the use of such aggregates in the work.  The minimum 

number of samples and tests are specified in paragraph 03300-3.14 C. 

 

 B. SAMPLING: 

 

  1. AGGREGATES: 

 

   a. GENERAL:  Fine and coarse aggregates shall be sampled in 

accordance with ASTM D75.  Samples shall be taken at the discharge gates of the bins feeding the 

weigh hopper.  The CONTRACTOR shall provide safe and suitable facilities for obtaining samples.  

Samples shall be obtained at the concrete batch plant at the frequency specified in paragraph 03300-

3.14 C.  Sampling shall be repeated when the source of material is changed or when unacceptable 

deficiencies or variations from the specified requirements of materials are found in testing.  

Aggregate samples shall be tagged and their sources identified. 

 

   b. COARSE AGGREGATE:  A sample weighing between 50 and 

60 pounds shall be taken after the batch plant is brought up to full operation.  The samples shall be 

taken so that a uniform cross section, accurately representing the materials on the belt or in the bins, 

is obtained. 

 

   c. FINE AGGREGATE:  Samples shall be taken as specified for coarse 

aggregate.  The samples shall be taken for sieve analysis of fine aggregate and specific gravity tests.  

Samples of sand shall be taken when the sand is moist. 

  2. CONCRETE:  Samples of plastic concrete shall be obtained in accordance 

with ASTM C172.  Samples shall be taken at the hopper of concreting equipment or transit mix 

truck, except as noted in 03300-3.03B.2 

 

 C. TESTING: 

 

  1. AGGREGATE:  A minimum of one test of coarse aggregate per 400 cubic 

yards of concrete and a minimum of one test of fine aggregate per 200 cubic yards of concrete used 

shall be made to confirm continuing conformance with specifications for gradation, cleanliness and 

sand equivalent.  A maximum of one test per day of each aggregate is required.  The full test 

program is required before source changes will be accepted. 

 

  2. CONCRETE: 
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   a. STRENGTH TESTS:  The strengths specified for the design mix 

shall be verified by the independent testing laboratory during placement of the concrete.  

Verification shall be accomplished by testing standard cylinders of concrete samples taken at the job 

site.  Cylinders shall be 4 by 8 inch or 6 x 12 inch. 

 

 Standard cylinders shall represent the concrete placed in the forms.  One set of six standard 

6 x 12 inch (or nine 4 x 8 inch) cylinders shall be cast of each class of concrete for each 100 cubic 

yards or less or for each 5,000 square feet of surface area placed per day.  Casting, handling 

and curing of cylinders shall be in accordance with ASTM C31.  Additional cylinders shall be 

provided when an error in batching is suspected.  For the first 24 hours after casting, the cylinders 

shall be kept moist in a storage box constructed and located so that its interior air temperature will 

be between 60 and 80 degrees F.  At the end of 24 hours, the cylinders shall be transported to the 

testing laboratory. 

 

 Testing of specimens for compressive strength shall be in accordance with ASTM C39.  

Tests shall be made at 7 and 28 days from time of casting.  Two 6 x 12 inch (or three 4 x 8 inch) test 

cylinders from each group of six (or nine) shall be tested at the end of 7 days and two 6 x 12 inch 

(or three 4 x 8 inch) shall be tested at the end of 28 days.  The two remaining 6 x 12 inch (or three 4 

x 8 inch) cylinders shall be tested at the end of 56 days if the 28-day strength reports below 

specification.  A strength test shall consist of the average strength of two 6 x 12 inch (or three 4 x 8) 

cylinders cast from material taken from a single load of concrete.  If one cylinder shows evidence of 

low strength due to improper sampling, casting, handling or curing, the result of the remaining 

cylinders may be used if approved by the CONSTRUCTION MANAGER. 

 The average of any three consecutive 28-day strength test results of the cylinders 

representing each class of concrete for each structure shall be equal to or greater than the specified 

strength and not more than 10 percent of the strength test results shall have values less than the 

specified 28-day strength for the total job concrete.  No individual strength test result shall be less 

than the specified strength by more than 500 pounds per square inch. 

 

 Certified reports of the test results shall be provided directly to the CONSTRUCTION 

MANAGER.  Test reports shall include sufficient information to identify the mix used, the 

stationing or location of the concrete placement, and the quantity placed.  Slump, air content, 

temperature of concrete, and ambient temperature shall be noted.  The 28-day strength test results 

shall be evaluated in accordance with ACI 214R.  Quality control charts showing field test results 

shall be included with the test results for each class of concrete in each major structure.  Charts shall 

be prepared in accordance with ACI 214R.  Quality control charts shall be maintained throughout 

the entire job and shall be available for the CONSTRUCTION MANAGER’s inspection at any 

time. 

 

 If the 28-day test results fall below the specified compressive strength for the class of 

concrete required for any portion of the work, adjustment in the proportions, water content, or both, 

shall be made as necessary at the CONTRACTOR’s expense.  Changes and adjustments shall be 

reported in writing to the CONSTRUCTION MANAGER. 
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 If compressive test results indicate concrete in place may not meet structural requirements, 

tests shall be made to determine if the structure or portion thereof is structurally sound.  Tests may 

include, but not be limited to, cores in accordance with ASTM C42 and any other analyses or load 

tests acceptable to the CONSTRUCTION MANAGER.  Costs of such tests shall be borne by the 

CONTRACTOR. 

 

   b. TESTS FOR CONSISTENCY OF CONCRETE.  The slump shall be 

as specified when measured in accordance with ASTM C143.  Samples for slump determination 

shall be taken from the concrete during placement.  Tests shall be made at the beginning of concrete 

placement operation and at subsequent intervals to ensure that the specification requirements are 

met.  Slump tests shall also be performed whenever standard cylinders are cast.  For pumped 

concrete, slump shall be measured in accordance with paragraph 3.03B.2. 

 

 When high range water reducers are added at the site, slump tests shall be taken before and 

after addition of high range water reducing admixtures. 

 

   c. TESTS FOR TEMPERATURE AND AIR CONTENT:  

Temperature tests shall be made at frequent intervals during hot or cold weather conditions until 

satisfactory temperature control is established.  Whenever standard cylinders are cast, temperature 

tests shall be performed. 

 

 Air content shall be as specified when measured in accordance with ASTM C231.  Air 

content shall be measured whenever standard cylinders are cast.  For pumped concrete, air content 

shall be measured in accordance with paragraph 3.03B.2. 

 

 D. FINAL LABORATORY REPORT: 

 

 A final report, prepared by the testing laboratory, shall be provided at the completion of all 

concreting.  This report shall summarize the findings concerning concrete used in the project and 

provide totals of concrete used by class and structure.  Final quality control charts for compressive 

strength tests for classes of concrete specified in each major structure shall be included.  The report 

shall also include the concrete batch plant’s coefficient of variation and standard deviation results 

for each class of concrete. 

 

3.12 REPAIR OF DAMAGED CONCRETE, CRACKING: 

 

A. ACCEPTANCE OF CONCRETE: 

 

 Completed cast-in-place concrete work shall conform to the applicable requirements of ACI 

301 and the Contract Documents.  Concrete work that fails to meet the requirements of ACI 301 or 

the Contract Documents shall be repaired as approved by the ENGINEER to bring the concrete into 

compliance.  Concrete that cannot be brought into compliance by approved repair methods will be 

rejected.  Rejected concrete work shall be removed and replaced.  Repair methods shall be in 

accordance with ACI standards and are subject to the approval of the ENGINEER.  The cost of 

repairs and replacement of defective concrete shall be borne by the CONTRACTOR. 
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B. REPAIR METHODS:  

 

Damaged or excessively cracked concrete, as determined by the ENGINEER in their sole 

discretion, shall be repaired by one of the following methods as approved by the ENGINEER: 

 

1. Repair Method 1:  Fill the joint or crack by drilling holes to the affected area, 

install injection ports and force epoxy or chemical grout (expanding 

urethane) into the joint under pressure.  The material type, whether epoxy or 

chemical grout shall be approved by the ENGINEER.  After injection and 

curing, ports, sealing mix and surface generally shall be cleaned and worked 

to match the specified finish. 

 

2. Repair Method 2:  Fill cracks with low viscosity epoxy, applied by 

pouring/flooding crack zone until cracks are filled.  Prepare surface, install, 

and cure according to manufacturer’s recommendations.  At a minimum, 

prepare surface to result in a clean, dry surface and with no visible 

detrimental material in cracks to be filled.  Conform to temperature 

limitations for epoxy to be used.  Finish to match adjacent areas. 

 

3. Repair Method 3:  Cut a bevel groove 3/8 to 1/2 inch in width and depth, and 

caulk with sealant in accordance with manufacturer’s instructions.  This 

repair method is only to be used where expressly allowed by the 

ENGINEER.  Groove and caulk shall be applied on wet or hydrostatic 

pressure side of surface where occurs. 

 

C. REPAIR METHOD USE: 

 

1. Repair Method 1 shall be used for all cracks in walls, surfaces sloped 1:1 or 

greater, beams, columns, slabs, overhead surfaces and generally for liquid 

retaining surfaces.  Need for repair depends upon crack width, location, and 

surface conditions under service conditions.  Epoxy grout shall be used for 

repair of structural cracks and chemical grout (expanding urethane) shall be 

used for repair of non-structural cracks at liquid-containing structures.  The 

ENGINEER shall determine whether a crack is classified as structural or 

non-structural.  

 

2. Repair Method 2 may be utilized in lieu of Method 1 for slabs which receive 

a raked finish.  Method 2 may also be used with CONSTRUCTION 

MANAGER’s approval for exposed troweled and broomed finishes after 

review of conditions, degree of exposure to public, and proposed repair 

product and installation.  Finish shall substantially match adjacent surfaces. 

 

3. Repair Method 3 shall be limited to dry-surface slabs, walls subject to less 

than three feet of liquid pressure, or as specifically directed by the 
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ENGINEER.  Method 3 is not an equivalent repair method to Methods 1 or 

2, which shall be considered the standards. 

 

3.13 CLEANUP 

 

 Upon completion of the work and prior to final inspection, the CONTRACTOR shall clean 

all concrete surfaces.  The cleaning procedures shall be as follows:  After sweeping with an ordinary 

broom to remove the loose dirt, the surface shall be flushed with clean water.  Final scrubbing by 

hand or machine shall follow. 

 

 Floors that have curing and sealing compound shall be cleaned of loose dirt and debris by 

sweeping with ordinary brooms.  They shall then be washed and mopped with clean water.  Finally, 

one additional coat of the same clear curing and sealing compound shall be applied in the same 

manner as specified. 

 

 

 **END OF SECTION** 
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SECTION 03600 

 

GROUT 

 

 

PART 1--GENERAL 

 

1.01 DESCRIPTION 

 

This section specifies grout for columns and other structural support bases, equipment bases, 

crack repair, surface repair and uses other than masonry.  Grout for masonry is specified in Section 

04200. 

 

1.02 QUALITY ASSURANCE 

 

A. QUALITY CONTROL BY OWNER:   

 

The OWNER will provide special inspection and testing in accordance with Section 01400. 

 

B. QUALITY CONTROL BY CONTRACTOR:   

 

If a product other than those listed below is proposed and test data is not available from the 

supplier to demonstrate equivalence to the specified grout, then to demonstrate equivalence with the 

grout properties of the specified product, the CONTRACTOR shall provide the services of an 

independent testing laboratory which complies with the requirements of ASTM E329.  The testing 

laboratory shall sample and test the proposed grout materials.  Costs of testing laboratory services 

shall be borne by the CONTRACTOR. 

 

C. REFERENCES: 

 

This section contains references to the following documents.  They are a part of this section 

as specified and modified.  Where a referenced document contains references to other standards, 

those documents are included as references under this section as if referenced directly.  In the event 

of conflict between the requirements of this section and those of the listed documents, the 

requirements of this section shall prevail. 
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Reference Title 

ASTM C230 Standard Specification for Flow Table for Use in Tests of 

Hydraulic Cement 

ASTM C307 Standard Test Method for Tensile Strength of Chemical-

Resistant Mortar, Grouts, and Monolithic Surfacings 

ASTM C531 Standard Test Method for Linear Shrinkage and 

Coefficient of Thermal Expansion of Chemical-Resistant 

Mortars, Grouts, Monolithic Surfacings, and Polymer 

Concretes 

ASTM C579 Standard Test Methods for Compressive Strength of 

Chemical-Resistant Mortars, Grouts, Monolithic 

Surfacings and Polymer Concretes 

ASTM C882 Standard Test Method for Bond Strength of Epoxy-Resin 

Systems Used with Concrete by Slant Shear 

ASTM C942 Standard Test Method for Compressive Strength of Grouts 

for Preplaced-Aggregate Concrete in the Laboratory 

ASTM C1107 Standard Specification for Packaged Dry, Hydraulic-

Cement Grout (Nonshrink) 

ASTM C1181 Standard Test Methods for Compressive Creep of 

Chemical-Resistant Polymer Machinery Grouts 

COE CRD-C611 Flow of Grout for Preplaced Aggregate Concrete 

COE CRD-C621 Specification for Nonshrink Grout 

IBC International Building Code, 2015 edition 

 

1.03 SUBMITTALS 

 

The following information shall be provided in accordance with Section 01300: 

 

1. Complete product literature and installation instructions for epoxy grout (all 

uses) and cementitious non-shrink grout. 

 

2. Current ICC Evaluation Report for adhesives used for reinforcing dowels 

and anchor setting. 

 

3. Installer certification in accordance with ACI/CRSI Adhesive Anchor 

Installer Certification Program for installers of horizontal or upwardly 

inclined adhesive anchors. 
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PART 2--PRODUCTS 

 

2.01 CEMENTITIOUS NONSHRINK GROUT 

 

1. The grout material shall be an approved ready to use mixture requiring only water for 

use at the job site. The 2-inch cubes shall have a minimum compressive strength of 

3,000 psi at 7 days and 7,000 psi at 28 days. 

 

2. Cementitious nonshrink nonmetallic aggregate grout shall be Five Star Products, Inc. 

Five Star Grout, BASF Masterflow 928, Hi-Flow Grout by Euclid Chemical Company, 

SikaGrout 212 by Sika Corporation, or approved equal. 

 

3. Non-shrink grout shall conform to CRD-C 621 and ASTM C1107, Grade B or C when 

tested at a maximum fluid consistency of 30 seconds per ASTM C939 at temperature 

extremes of 45 degrees Fahrenheit and 90 degrees Fahrenheit and an extended working 

time of 15 minutes. 

 

4. Fluid grout shall pass through the flow cone, with continuous flow, one hour after 

mixing. 

2.02 EPOXY GROUT FOR EQUIPMENT MOUNTING 

 

Epoxy grout for equipment mounting shall be a non-cementitious, resin based, multi-

component formulation and shall be a pourable, non-shrink, 100 percent solids system.  Epoxy 

grout shall be flowable, with shrinkage minimized to achieve minimum 98% effective bearing area.  

Epoxy grout shall be BASF Masterflow 648; Sikadur 42 by Sika Corporation; E3-G by Euclid 

Chemical Company; or approved equal. 

 

2.03 ADHESIVE FOR DOWEL AND ANCHOR SETTING 

 

Adhesive for setting dowels and anchoring connection/base plate bolts shall be an injectable 

two-component epoxy adhesive.  Adhesive shall be approved for the intended use per the product 

ICC Report. 

 

 Adhesive shall be HIT-RE 500V3 by Hilti or approved equal (equivalent product must have 

ICC approval for use in cracked concrete in areas with high seismic risk) for setting dowels in 

concrete. 

 

 Adhesive shall be HILTI HIT-HY 270 or approved equal for setting dowels in masonry. 

 

2.04 CONCRETE REPAIR MORTAR 

 

Horizontal Applications:  Horizontal repair mortars shall be MasterEmaco S466 CI by 

BASF, SikaTop 111 Plus by Sika Corp, or approved equal. 
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Vertical and Overhead Applications:  Vertical and overhead repair mortars shall be SikaTop 

123 Plus or approved equal. 

PART 3--EXECUTION 

 

3.01 CEMENTITIOUS NONSHRINK GROUT 

 

Nonshrink, cementitious, nonmetallic aggregate grout shall be used for column base plates, 

structural bearing plates, and all locations where the general term “non-shrink grout” is indicated on 

the drawings.  Use of this grout to support the bearing surfaces of machinery shall be as specified in 

Section 11002 or as detailed on the Drawings for specific locations or pieces of equipment.  If 

guidance is not provided in locations noted above, use of non-shrink grout for equipment mounting 

shall be limited to equipment less than 25 horsepower or 750 pounds.  Grout shall be placed and 

cured in accordance with manufacturer's instructions. 

 

Nonshrink cementitious grout shall not be used as a surface patch or topping.  Nonshrink 

cementitious grout must be used in confined applications only. 

 

3.02 EPOXY GROUT FOR EQUIPMENT MOUNTING 

 

Prepare concrete surfaces of equipment pads as indicated in details on the Drawings and as 

required by the epoxy grout manufacturer.  Epoxy grout for equipment mounting shall be placed 

and cured in accordance with the requirements of Section 11002, details on the Drawings, and in 

strict conformance with manufacturer’s recommendations.   

 

3.03 CONCRETE REPAIR MORTAR 

 

Concrete repair materials and procedures shall be submitted for review to the ENGINEER 

and shall be accepted prior to commencement of the repair work. 

 

Follow all manufacturer's instructions, including those for minimum and maximum 

application thickness, surface preparation and curing.  Add aggregate as required per manufacturer's 

recommendations.  Any deviations from the manufacturer's instructions shall be submitted for 

review to the ENGINEER and shall be accepted prior to commencement of the work. 

 

 

**END OF SECTION** 
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 SECTION 04200 

 

UNIT MASONRY 

 

PART 1--GENERAL 

 

1.01 DESCRIPTION 

 

 A. SCOPE: 

 

This section specifies masonry work consisting of reinforced concrete masonry construction.  

Masonry work shall be constructed from concrete masonry units in combination with reinforcement, 

mortar, and grout as specified. 

 B. TYPE: 

 

 Masonry work shall be constructed from units of concrete in combination with reinforcing, 

mortar, and grout as specified. 

 

1.02 QUALITY ASSURANCE 

 

 A. REFERENCES: 

 

 This section contains references to the following documents.  They are a part of this section 

as specified and modified.  Where a referenced document contains references to other standards, 

those documents are included as references under this section as if referenced directly.  In the event 

of conflict between the requirements of this section and those of the listed documents, the 

requirements of this section shall prevail. 

 

 Unless otherwise specified, references to documents shall mean the documents in effect at 

the time of Advertisement for Bids or Invitation to Bid (or on the effective date of the Agreement if 

there were no Bids).  If referenced documents have been discontinued by the issuing organization, 

references to those documents shall mean the replacement documents issued or otherwise identified 

by that organization or, if there are no replacement documents, the last version of the document 

before it was discontinued.  Where document dates are given in the following listing, references to 

those documents shall mean the specific document version associated with that date, regardless of 

whether the document has been superseded by a version with a later date, discontinued or replaced. 

 

Reference Title 

 

TMS 602 

ASTM C90 

Specification for Masonry Structures  

Loadbearing Concrete Masonry Units 

ASTM C144 Aggregate for Masonry Mortar 

ASTM C150 Portland Cement 
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Reference Title 

 

ASTM C207 Hydrated Lime for Masonry Purposes 

ASTM C270 Mortar for Unit Masonry 

ASTM C404 Aggregates for Masonry Grout 

ASTM C476 Grout for Masonry 

ASTM C979 

ASTM C1314 

Pigments for Integrally Colored Concrete 

Compressive Strength of Masonry Prisms 

ASTM E514 

IBC 2015 

Water Penetration and Leakage Through Masonry 

International Building Code 

 

B. QUALITY ASSURANCE BY OWNER: 

Special inspection of masonry work shall be performed by the Special Inspector under 

contract with the OWNER and in accordance with IBC Chapter 17.   

 

C. SAMPLE PANEL: 

 

 A sample masonry panel for each type of masonry, approximately 6 feet long by 4 feet high 

shall be constructed on site for approval by the Construction Manager.  Each panel shall show the 

workmanship, coursing, bond, anchors, joint reinforcing wall ties, tooling of joints, range of color, 

texture of masonry, and mortar color.  Finished work shall match the approved sample panel. 

 

D. APPEARANCE: 

 

 Source or supply of materials shall not be changed after the work has started if the 

appearance of the finished work would be affected. 

 

E. EFFLORESCENCE TESTING: 

 

 Certified efflorescence test reports shall be provided on masonry units that are to be exposed 

to weathering.  Schedule tests far enough in advance of starting masonry work to permit retesting if 

necessary.  Test three pairs of specimens of each type of masonry unit for efflorescence in 

accordance with ASTM C67.  If any pair is rated "effloresced," the units represented by the samples 

will be rejected. 

 

F. PRISM TESTS:   

Compressive strength of masonry, f’m, shall be 2000 psi.  The compression strength shall be 

based on the Prism Test Method in accordance with the 2015 IBC and ACI 530.1.  Tests for 

material compression strength shall be as follows: 
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1. Prior to construction, perform the following tests using samples of materials 

which will be incorporated into the work. 

a. One prism test consisting of three test specimens constructed and 

tested in accordance with ASTM C1314. 

b. One mortar test consisting of one set of three specimens 

constructed and tested in accordance with ASTM C780. 

c. One grout test consisting of one set of three specimens constructed 

and tested in accordance with ASTM C1019. 

1.03 SUBMITTALS 

Submittals shall be provided in accordance with Section 01300 and shall include the 

following information: 

A. Masonry unit certificates showing compliance to the specifications shall be 

submitted for each type of masonry unit. 

 

B. Reinforcing certificates showing compliance to the specifications shall be submitted 

for reinforcing steel, including reinforcing steel wire and joint reinforcing, as 

specified herein and in Section 03200. 

 

C. Certified efflorescence test reports specified in paragraph 04200-1.02 D. 

 

D. Provide scaled fabrication and field layout drawings for all required masonry.  

Drawings to include reinforcing, anchors, adjustable wall ties, positioning devices, 

and other accessories. 

 

E. Mix designs for each type of mortar and grout.  Include description of type and 

proportions of ingredients. 

a.  Include test reports for mortar mixes required to comply with property 

specification.  Test according to ASTM C 109 for compressive strength, 

ASTM C 1506 for water retention, and ASTM C 91 for air content. 

b.  Include test reports, according to ASTM C 1019, for grout mixes required 

to comply with compressive strength requirement. 

 

F. Statement of Compressive Strength of Masonry:  For each combination of 

masonry unit type and mortar type, provide statement of average net-area 

compressive strength of masonry units, mortar type, and resulting net-area 

compressive strength of masonry determined according to Tables 1 and 2 in 

ACI 530.1/ASCE 6/TMS 602. 

 

G. Cold-Weather and Hot-Weather Procedures:  Detailed description of methods, 

materials, and equipment to be used to comply with requirements. 
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1.04 DELIVERY, STORAGE, AND HANDLING: 

 

 Cementitious materials shall be delivered to the site in unbroken containers, plainly marked 

and labeled with manufacturers' names and brands, stored in dry, weathertight enclosures to prevent 

entry of foreign materials and damage by water or dampness.  Masonry units shall be stored off the 

ground and handled with care to avoid chipping and breakage.  Materials shall be protected from 

damage and, except for sand, kept dry until used.  Sand shall be covered to prevent intrusion of 

water and foreign materials and to prevent drying.  Materials containing frost or ice shall not be 

used.  Store masonry accessories, including metal items, in such a manner to prevent corrosion and 

accumulation of dirt and oil. 

 

 

PART 2--PRODUCTS 

 

2.01 CONCRETE MASONRY UNITS 

A. Shapes:  Provide shapes indicated and as follows, with exposed surfaces matching 

exposed faces of adjacent units unless otherwise indicated. 

1. Provide special shapes for lintels, corners, jambs, sashes, movement joints, 

headers, bonding, and other special conditions. 

2. Provide square-edged units for outside corners unless otherwise indicated. 

B. CMUs:  ASTM C 90. 

1. Density Classification:  Medium weight. 

2. Size (Width):  Manufactured to dimensions 3/8 inch less than nominal 

dimensions. 

3. Texture:  

a. Where exposed to view: Provide with a fine-textured surface. 

 

C. CMU Types Schedule 

 

1. CMU Type #1  

a. Standard smooth faced texture. 

b. Provide special shape as indicated on the drawings. 

c. Nominal width: 8 inches; Height: 8 inches; Length: 16 inches. 

d. Color, texture, and pattern to match Architect’s sample equal to 

AMCOR Masonry Products: Tumbleweed  
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2.  CMU Type #2  

 

a. Standard split face texture. 

b. Nominal width: 8 inches: Height: 8 inches; Length: 16 inches. 

c. Color, texture, and pattern to match architect’s sample. Color to be 

equal to AMCOR Masonry Products: Java  

 

 D. MASONRY LINTELS 

 

 Masonry lintels shall be made from special CMUs shapes with reinforcing bars placed as 

indicated and filled with coarse grout.  Cure precast lintels before handling and installing.  

Temporarily support built-in-place lintels until cured. 

 

 

2.02 MORTAR 

 

 A. MORTAR TYPE: 

 

 Mortar shall be ASTM C270, Type S.  The mortar shall be proportioned to achieve a 

minimum 28-day compressive strength of 2,800 psi.    Where colored mortar is specified to match 

the masonry units, add colorant to obtain the color indicated.  Colorant shall be alkali-resistant iron 

oxide based and shall be Sonneborn "Sonobrite," Solomon Grind-Chem Service, Inc., 

"Concentrated Cement Color," or equal. 

 

B. CEMENT: 

 

 Cement shall be Portland cement conforming to ASTM C150, Type II, low alkali containing 

less than 0.60 percent alkalis. 

  

 C. HYDRATED LIME: 

 

 Hydrated lime shall conform to ASTM C207, Type S. 

 

 D. MASONRY CEMENT: 

 

Masonry cement shall not be used. 

 E. SAND: 

 

 Aggregate for mortar shall be sand conforming to ASTM C144.  Sand must be clean and 

washed. 

 

 F. WATER: 
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 Water shall be clean, potable, and free from substances which could adversely affect the 

mortar. 

  

 G. WATERPROOFING COMPOUND: 

 

Mortar shall contain “DRY BLOCK” admixture by WR Grace Co. or “RainBloc” admixture 

by ACM Cheistries, Inc. amount per manufacturer’s recommendation.  

 

H. PREMIXED MORTAR: 

 

 Premixed mortar shall be ASTM C270, Type S for use as specified in paragraph 04200-2.02  

 

 I. ADMIXTURES: 

 

 Admixtures may be used in mortar to retard curing and provide up to 36 hours of work-

ability, provided that the admixture does not adversely affect bonding or compressive strength. 

Mortar air content shall not exceed 12 percent. Do not use air-entraining admixtures. 

 

2.03 ACCESSORIES 

 

  

 A. REINFORCING BARS: 

 

 Reinforcing steel shall be as specified in Section 03200. 

 

B. REINFORCING BAR POSITIONERS 

 

Rebar positioners shall be of 9-gauge wire with a mill galvanized finish as manufactured by 

Hohmann & Barnard, Inc. or equal.   Rebar positioners are to be sized to fit masonry unit. 

 

C. PREFORMED CONTROL JOINT 

 

Preformed control joint shall be the RS Standard 2 5/8” Rubber Control Joint as 

manufactured by Hohmann & Barnard, Inc. or equal. 

 

2.04 GROUT 

 

 A. GENERAL: 

 

 Grout shall comply with ASTM C476, shall use Type II cement, and shall be proportioned 

by volume to achieve a minimum 28-day compressive strength of 2,000 psi.  Grout shall have 

sufficient water added to produce a consistency for pouring without segregation. 

 

 B. AGGREGATE: 
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 Aggregate shall comply with ASTM C404. 

 

 C. FINE GROUT: 

 

 Fine grout shall be composed of one part cement, not more than 1/10 part lime, and 2 1/4 to 

3 parts fine aggregate. 

 

 D. COARSE GROUT: 

 

 Coarse grout shall be composed of one part cement, not more than 1/10 part lime, 2 to 

3 parts fine aggregate, and not more than 2 parts coarse aggregate. 

 

2.05 WATER REPELLENT 

 

 A. Water repellent coating on masonry wall faces exposed to weather: FABRISHIELD 

653 siloxane/quartz water repellent as manufactured by Fabrikem Manufacturing Ltd. 

 

PART 3--EXECUTION 

 

3.01 PREPARATION 

 

 A. GENERAL: 

 

 Foundations for masonry work shall be straight, on-line, and level.  All surfaces to be 

bonded with masonry shall be clean and free from laitance or foreign materials.  Reinforcing dowels 

shall be in the correct location as specified.  The placement and location of anchor ties, inserts, and 

other embedded items in concrete or other adjoining work shall be coordinated by the Contractor to 

suit the masonry work. 

 

 B. PROTECTION: 

 

1. Exposed surfaces shall be protected from mortar and other stains.  When 

mortar joints are tooled, remove mortar from exposed surfaces with fiber 

brushes and wooden paddles.  Base of walls shall be protected from splash 

stains by covering adjacent ground with sand, sawdust, or polyethylene. 

 

2. Uniform loads shall not be applied for at least 48 hours or concentrated loads 

for at least 72 hours after masonry is constructed. 

 

3. Temporary bracing shall be provided as required to prevent damage during 

construction. 

 

4. Protective boards for polyester film shall be provided during job installation 

to ensure no damage from building debris. 

 

3.02 WORKMANSHIP 
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 Masonry shall be level and plumb.  Story poles or gage rods shall be used throughout the 

work.  Changes in coursing or bonding after the work is started will not be permitted; neither will 

carrying one section of the walls up in advance of the others be permitted.  Unfinished work shall be 

stepped back for joining with new work; toothing will not be permitted.  Heights of masonry at each 

floor and at sills and heads of openings shall be checked with an instrument to maintain the level of 

the walls.  Door and window frames, louvered openings, anchors, pipes, ducts, and conduits shall be 

built in as the masonry work progresses.  Spaces around metal door frames shall be filled solidly 

with mortar.  Drilling, cutting, fitting, and patching to accommodate the work of others shall be 

performed by masonry mechanics.  Masonry shall be cut with masonry saws for exposed work.  

Structural steelwork, bolts, anchors, inserts, plugs, ties, lintels, and miscellaneous metalwork shall 

be placed in position as the work progresses.  Chases of approved dimensions for pipes and other 

purposes shall be provided where specified and necessary.  Tops of exposed walls and partitions not 

being worked on shall be covered with a waterproof membrane secured in place and extended down 

at least 2 feet on both sides. 

 

3.03 MORTAR MIXING 

 

 Mortar materials shall be measured in 1 cubic foot containers to maintain control and 

accuracy of proportions; measuring materials with shovels is not permitted.  Mortar shall be mixed 

in a mechanical batch mixer for not less than 3 nor more than 5 minutes after all ingredients are in 

so as to produce a uniform mixture.  Water shall be added gradually as required to produce a 

workable consistency.  Mortar not formulated to include retarding admixtures, which has not been 

placed in final position within 2-1/2 hours after the initial mixing, shall not be retempered and used.  

Use of antifreeze compounds, salts, or other substances to lower the freezing point of mortar is 

prohibited. 

 

 Mortar shall be mixed in accordance with ASTM C270 to obtain type mortar required.  

Where colored mortars are required, pigments may be added at the site or provided as part of 

prepackaged mortar mix.  When masonry cement is used, mixing shall conform to printed 

instructions of the masonry cement manufacturer. 

 

3.04 MORTAR JOINTS 

 

 Mortar joints shall be a uniform thickness of 3/8-inch unless otherwise specified.  Exposed 

joints shall be tooled slightly concave with a round or other suitable jointer when the mortar is 

thumbprint hard except where otherwise required to match existing construction.  For horizontal 

joints, jointers shall be at least 12 inches long for brickwork and 16 inches long for concrete 

masonry.  Jointers shall be slightly larger than the width of the joint so that complete contact is 

made along the edges of the units, compressing and sealing the surface of the joint.  Joints that will 

not be exposed shall be struck flush.  Vertical joints shall be tooled first.  Horizontal joints shall be 

level; vertical joints shall be plumb and in alignment from top to bottom of wall within a tolerance 

of plus or minus 1/2 inch in 40 feet. 

 

 Weep holes shall be placed at a maximum spacing of 48 inches at the base of cavity walls or 

veneer walls and in the course bearing on through-wall flashing. 
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3.05 TOLERANCES 

 

 Masonry work shall be within the following limits: 

 

 

1. Face of Concrete Masonry Unit:  1/16 inch from face of adjacent unit. 

 

2. Variation from True Plane:  1/4 inch in 10 feet and 1/2 inch maximum in 20 

feet or more. 

 

3. Variation from Plumb:  1/4 inch in each story, noncumulative and 1/2 inch 

maximum in two stories or more. 

 

4. Variation from Level:  1/8 inch in 3 feet, 1/4 inch in 10 feet, and 1/2 inch 

maximum. 

 

5. Variation in Wall Thickness:  Plus or minus 1/4 inch. 

 

3.06 CONCRETE MASONRY UNIT WORK 

 

 A. GENERAL: 

 

 The first course shall be laid in a full bed of mortar for the full width of the unit.  Succeeding 

courses shall be laid in running bond unless otherwise specified.  Bed-joints shall be formed by 

applying the mortar to the entire top surfaces of the inner and outer face shells and to head joints by 

applying the mortar for a width of about 1 inch to the ends of the adjoining units.  The mortar shall 

be of such thickness that it will be forced out of the joints as the units are placed in position.  Where 

anchors, bolts, and ties occur within the cells of the units, metal lath shall be placed in the joint at 

the bottom of such cells and the cells filled with mortar or grout as the work progresses.  Except at 

grouted or reinforced masonry, concrete brick shall be used for bonding walls, working out the 

coursing, topping out walls under sloping slabs, distributing concentrated loads, backing brick 

headers, and elsewhere as required.  Concrete masonry units shall not be dampened before or during 

laying. 

 

 B. SPECIAL CONCRETE MASONRY UNIT WORK: 

 

 Where exposed concrete masonry unit walls and partitions are specified, special concrete 

masonry unit work shall be provided.  Units shall be selected for uniformity of size, texture, true 

plane, and undamaged edges and ends of exposed surfaces.  Units shall be placed plumb, parallel, 

and with properly tooled joints of maximum 3/8-inch thickness, and exposed surfaces kept clean 

and free from blemishes or defects. 

 

 C. REINFORCED CONCRETE MASONRY UNIT WALLS: 
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 Fill all cores solid with grout.  Units shall be laid in such a manner as to preserve the 

unobstructed vertical continuity of cores to be filled.  Adjacent webs shall be embedded in mortar to 

prevent leakage of grout, and mortar fins protruding from joints removed before grout is placed.  

Minimum clear dimensions of vertical cores shall be 2 by 3 inches.  Reinforcing shall be positioned 

and held accurately before placing grout by using bar positioners at maximum 8-foot intervals.  

Vibrator shall be used to consolidate the grout.  Minimum clear distance between masonry and 

vertical reinforcement shall be 1/2 inch.  Unless otherwise specified, splices shall be formed by 

lapping bars not less than 40 bar diameters. 

 

3.07 BONDING AND ANCHORING 

 

 Unless otherwise specified, partitions shall extend from the floor to the bottom of the 

construction above.  Walls and partitions shall be structurally bonded and anchored to each other 

and to concrete walls and beams.  Unless otherwise specified, non-load-bearing partitions and 

interior walls shall be securely anchored to the construction above in a manner that provides lateral 

stability while permitting unrestricted deflection of construction above.  Anchors shall be 

completely embedded in mortar joints. 

 

 In addition, bonding and anchoring shall comply with the following procedures unless 

otherwise specified. 

 

1. At corners of load-bearing walls, provide a true masonry bond in each 

course. 

 

2. At intersections of load-bearing walls, provide a true masonry bond in each 

course, or anchor with rigid steel anchors not more than 2 feet apart 

vertically. 

 

3. At intersections of non-load-bearing partitions with other walls or partitions, 

tie with wire mesh ties at vertical intervals of not more than 2 feet or with 

masonry bonding in alternate courses. 

 

4. At masonry walls facing or abutting new concrete members, anchor masonry 

to the concrete with dovetail or wire-type anchors inserted in slots or inserts 

built into the concrete.  To anchor masonry walls to existing concrete 

members, use corrugated metal ties anchored by drive pins to the concrete.  

Locate anchors not more than 18 inches o.c. vertically and not more than 

24 inches o.c. horizontally. 

 

 

3.08 CONCRETE MASONRY UNIT LINTELS AND BOND BEAMS 

 

 Special units, lintels, and bond beams shall have cells filled solidly with grout or concrete, 

and provided with not less than two No. 5 reinforcing bars, unless otherwise specified on the 

drawings.  Reinforcing shall overlap a minimum of 40 bar diameters at splices, unless otherwise 

specified on the drawings.  Bond beams and reinforcing shall terminate on each side of expansion 
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joints.  Concrete masonry units used for lintels and bond beams shall have exposed surfaces of the 

same material and texture as the adjoining masonry units.  Bond beam units shall be produced from 

standard vertically-voided units with precut knock-out cross walls.  Lintels shall be straight and true 

and shall have at least 8 inches of bearing at each end.  Lintels shall set at least 6 days before 

shoring is removed. 

 

3.09 GROUT 

 

 A. GENERAL: 

 

 Fine grout shall be provided in grout spaces which are less than 2 inches in any horizontal 

dimension after deducting the thickness of horizontal reinforcing or in which clearance between 

reinforcing and masonry is less than 3/4 inch.  Coarse grout shall be provided in grout spaces which 

are 2 inches or greater in all horizontal dimensions after deducting the thickness of horizontal 

reinforcing provided the clearance between reinforcing and masonry is not less than 3/4 inch.  For a 

coarse grout pour over 6 feet high, increase grout space minimum horizontal dimension to 3 inches. 

 

 B. PLACEMENT: 

 

 Grout shall be placed from the interior side of walls, except as approved otherwise.  Sills, 

ledges, offsets, and other surfaces shall be protected from grout droppings.  Prior to grouting, the 

grout space shall be clean so that all spaces to be filled with grout do not contain mortar projections 

greater than 1/2 inch, mortar droppings, or other foreign material.  Grout shall be well mixed to 

prevent segregation, shall be sufficiently fluid to flow into joints and around reinforcing without 

leaving voids, and shall be placed by pumping or pouring from buckets equipped with spouts. Grout 

shall be placed in a continuous pour in grout lifts not exceeding 6 feet.  At grout pours exceeding 6 

feet, cleanouts shall be provided in the bottom course at every vertical bar but shall not be spaced 

more than 32 inches on center for solidly grouted masonry.  Pours shall be 1-1/2 inches below the 

top of masonry units in top course, except at the finish course.  Grout shall be agitated thoroughly to 

eliminate voids. Masonry displaced by grouting operation shall be removed and relaid in alignment 

with fresh mortar. 

 

3.10 FORMS AND SHORING 

 

 Contractor shall construct forms to the shape, lines, and dimensions of members indicated 

and make sufficiently rigid to prevent deflections which may result in cracking or other damage to 

supported masonry.  Forms shall not be removed until members have cured. 

 

3.11 CLEANING 

 

 Contractor shall protect work which may be damaged, stained, or discolored during cleaning 

operations. 

 

 Exposed masonry surfaces shall be cleaned with clear water and stiff fiber brushes and 

rinsed with clear water.  Where stains, mortar, or other soil remain, scrubbing shall continue with 

warm water and detergent.  Immediately after cleaning, each area shall be rinsed thoroughly with 
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clear water.  Damaged, stained, and discolored work shall be restored to original condition or 

replaced with new work. 

 

3.12 COLD WEATHER CONDITIONS 

 

 A. CONSTRUCTION: 

 

 During cold weather, that is, when the air temperature is below 40 degrees F and falling, or 

when it appears that the air temperature will drop to 40 degrees F or below within 24 hours, 

Contractor shall not lay masonry unless the work is protected from freezing as specified below.  

Surfaces receiving mortar shall be free of ice and frost.  The following requirements shall be 

adhered to: 

 

1. Air Temperature 40 to 32 Degrees F:  Heat sand or mixing water to produce 

mortar temperature between 40 and 120 degrees F. 

 

2. Air Temperature 32 to 25 Degrees F:  Heat sand and mixing water to 

produce mortar temperature between 40 and 120 degrees F. 

 

3. Air Temperature 25 to 20 Degrees F:  Heat sand and mixing water to 

produce mortar temperature between 40 and 120 degrees F.  Use other heat 

sources on both sides of walls under construction.  Use windbreaks when 

wind is in excess of 15 mph. 

 

4. Air Temperature 20 Degrees F and Below:  Heat sand and mixing water to 

produce mortar temperature between 40 and 120 degrees F.  Provide 

enclosures and auxiliary heat to maintain air temperature above 32 degrees F 

on both sides of walls under construction.  Ascertain that temperatures of 

masonry units are not less than 20 degrees F when units are laid. 

 

 B. PROTECTION: 

 

 Newly laid masonry shall be protected as specified below for the respective mean daily air 

temperature (MDAT), that is, the average of the daytime high temperature and the forecasted 

nighttime low temperature. 

 

1. MDAT 40 to 32 degrees F:  Protect masonry from rain and snow by 

covering the top 4 feet with weather-resistive membrane for 24 hours after 

laying. 

 

2. MDAT 32 to 25 degrees F:  Completely cover newly-laid masonry with 

weather-resistive membrane for 24 hours. 

 

3. MDAT 25 to 20 degrees F:  Completely cover newly-laid masonry with 

insulating blankets and weather-resistive membrane for 24 hours. 
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4. MDAT 20 degrees F and Below:  Maintain temperature of masonry above 

32 degrees F for 24 hours by providing enclosures and supplementary heat 

or other approved means. 

 

3.13 HOT WEATHER CONDITIONS 

 

A. Follow procedures specified in TMS 602. 

 

3.14 WATER REPELLENT 

 

 A. Apply water repellent specified in this Section to the masonry wall faces exposed to 

weather per manufacturer’s recommendations unless a coating is specified in Section 09 90 00. If a 

coating is specified in 09 90 00, do not apply the water repellent specified in this section. 

 

  

 

 

 **END OF SECTION**
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SECTION 05100 

 

STRUCTURAL METALS 

 

 

PART 1--GENERAL 

 

1.01 DESCRIPTION 

 

 This section specifies structural metals consisting of standard shapes, fasteners, rods and 

plates that are used in structural supports and connections. 

 

1.02 QUALITY ASSURANCE 

 

 A. GENERAL: 

 

 Structural assemblies and shop and field welding shall meet the requirements of the AISC 

Manual of Steel Construction. 

 

 The use of salvaged, reprocessed or scrap materials shall not be permitted. 

 

 B. REFERENCES: 

 

 This section contains references to the following documents.  They are a part of this section 

as specified and modified.  Where a referenced document contains references to other standards, 

those documents are included as references under this section as if referenced directly.  In the event 

of conflict between the requirements of this section and those of the listed documents, the 

requirements of this section shall prevail. 

 

 References to documents shall mean the documents in effect at the time of Advertisement 

for Bids or Invitation to Bid.  If referenced documents have been discontinued by the issuing 

organization, references to those documents shall mean the replacement documents issued or 

otherwise identified by that organization or, if there are no replacement documents, the last version 

of the document before it was discontinued.  Where document dates are given in the following 

listing, references to those documents shall mean the specific document version associated with that 

date, regardless of whether the document has been superseded by a version with a later date, 

discontinued or replaced. 

 

Reference Title 

 

 

 

AISC Steel Construction 

Manual 

American Institute of Steel Construction, Steel 

Construction Manual, 14th Edition 
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Reference Title 

 

 

 

ASTM A36 Carbon Structural Steel 

ASTM A53 Pipe, Steel, Black and Hot-Dipped, Zinc-Coated, Welded 

and Seamless 

ASTM A193 Alloy-Steel and Stainless Steel Bolting Materials for 

High Temperature or High Pressure Service and Other 

Special Purpose Applications 

ASTM A194 Carbon and Alloy Steel Nuts for Bolts for High Pressure 

or High Temperature Service 

ASTM A307 Carbon Steel Bolts and Studs, 60,000 PSI Tensile 

Strength 

ASTM A320 Alloy-Steel Bolting Materials for Low-Temperature 

Service 

ASTM A325 Structural Bolts, Steel, Heat Treated, 120/105 ksi 

Minimum Tensile Strength 

ASTM A500 Cold-Formed Welded and Seamless Carbon Steel 

Structural Tubing in Rounds and Shapes 

ASTM A992 Steel for Structural Shapes for Use in Buildings 

AWS-B3.0 Welding Procedures and Performance Qualifications 

AWS-Dl.1 Structural Welding Code--Steel 

 

 

1.03 SUBMITTALS 

 

A. Shop drawings, including erection plans, member and connection details, steel materials, 

coatings, etc as required to fully delineate this portion of the work. 

 

B. Certification that steel fabricator is approved to perform steel fabrication without special 

inspection. 

 

C. Evidence that steel fabricator has AISC Certification for Steel Building Fabrication. 

Certificate to show name and address of certified firm, effective date, and category of 

certification. 

 

D. Welding procedures, qualifications, and inspection report. 

 

E. Certified mill test reports for structural steel and high-strength bolts and nuts. 
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F. In accordance with IBC Chapter 17, steel fabricator at the completion of fabrication to 

submit Certification of Compliance stating that the fabrication was performed in 

accordance with the design documents. 

 

 

PART 2--PRODUCTS 

 

2.01 MATERIALS 

 

 A. STEEL: 

 

Table A, Steel Materials 

 

Material Specification 

Standard rolled steel wide flange sections 

(and WTs) 

ASTM A992 

Structural steel S-shapes, channels, angles 

and plates 

ASTM A36 

Pipe sections for posts, guardrails and 

handrails 

ASTM A53, Type E or S, Grade B 

Structural steel tubing ASTM A500, Grade C (Fy = 50 ksi) 

Stainless steel bolts (used at stainless steel 

and aluminum framing unless noted 

otherwise) 

ASTM A193, Grade B8M Class 1, 

AISI 316 or ASTM A320, Grade 

B8M Class 1, AISI 316 

Stainless steel nuts and washers (used at 

stainless steel and aluminum framing unless 

noted otherwise) 

ASTM A194 Grade 8M, SS316 

Steel bolts (used at galvanized and painted 

steel framing) 

Galvanized ASTM A325 (Type 1), 

bearing type bolts fully tensioned 

 

  

2.02 FABRICATION 

 

 Steel fabrication shall be in accordance with the AISC Manual of Steel Construction. 
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PART 3--EXECUTION 

 

3.01 INSTALLATION 

 

 A. GENERAL: 

 

 Measurements shall be verified at the job. 

 

 Holes shall be punched 1/16 inch larger than the nominal size of the bolts, unless otherwise 

specified.  Whenever needed, because of the thickness of the metal, holes shall be subpunched and 

reamed or drilled.  No drifting of bolts nor enlargement of holes will be allowed to correct 

misalignment.  Mismatched holes shall be corrected with new material. 

 

 Dissimilar metals shall be protected from galvanic corrosion by means of pressure tapes, 

coatings or isolators.  Aluminum in contact with concrete or grout shall be protected with a heavy 

coat of bituminous paint. 

 

 Metalwork to be embedded in concrete shall be as specified in Section 03300.  Metalwork 

shall be placed accurately and held in correct position while the concrete is placed or, if specified, 

recesses or blockouts shall be formed in the concrete after design strength is attained, and the 

metalwork shall be grouted in place in accordance with Section 03300.  The surfaces of metalwork 

in contact with or embedded in concrete shall be thoroughly cleaned. 

 

 Structural steel completely encased in concrete shall not be galvanized or painted and shall 

have a clean surface for bonding to concrete.  Metalwork which is bent, broken or otherwise 

damaged shall be repaired or replaced by the CONTRACTOR. 

 

 B. WELDING: 

 

 Welding shall be performed by operators who have been qualified by tests as prescribed by 

AWS to perform the type of work required.  The quality of welding shall conform to AWS Code for 

Arc Welding in Building Construction. 

 

 Unless otherwise specified, continuous welds shall be provided on all structural members 

that are exposed to weather or submerged in water or wastewater, and continuous seal welds shall 

be provided on both sides of all plates or structural shapes that are in contact with or submerged in 

water or wastewater. 

 

 C. BOLTED CONNECTIONS: 

 

 Bolted connections shall conform to AISC Framed Beam Connections and shall be bearing 

type connections, with bolts fully tensioned unless connecting HSS shapes. 

 

3.02 CORROSION PROTECTION 
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 Unless otherwise specified, carbon steel shall be galvanized. If coatings are indicated in the 

Drawings or elsewhere in the Specifications, coat in accordance with Section 09900. Coating 

surface preparation shall be as specified in Section 09900 and shall include the following 

operations:  

 

1. Grind the exterior and interior edges of all flame-cut plates or members to a 

smooth surface. 

 

2. Grind all sharp edges off of the sheared plates and punched holes. 

 

3. Grind uneven or rough welds with high beads to a smooth finish. 

 

3.03 CLEANING 

 

 After installation, damaged surfaces of shop primed metals shall be cleaned and touched up 

with the same material used for the shop coat.  Damaged surfaces of galvanized metals shall be 

repaired as specified in Section 05910. 

 

 

 

**END OF SECTION** 
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SECTION 05311 

 

STEEL ROOF DECK 

 

 

PART 1  GENERAL 

 

1.01 DESCRIPTION 

 

A. GENERAL: 

 

This section specifies fabrication and erection of steel roof deck. 

 

1.02 QUALITY ASSURANCE 

 

A. QUALITY CONTROL BY OWNER:   
 

The OWNER will pay for special inspection and testing in accordance with Section 

01400. 

 

B. REFERENCES: 

 

This section contains references to the following documents.  They are a part of this 

section as specified and modified.  Where a referenced document contains references to other 

standards, those documents are included as references under this section as if referenced directly.  

In the event of conflict between the requirements of this section and those of the listed 

documents, the requirements of this section shall prevail. 

 

Reference Title 

AISI SG-673 Design of Cold-Formed Steel Structural Members 

ASTM A36 Carbon Structural Steel 

ASTM A611 Steel, Sheet, Carbon, Cold Rolled, Structural Quality 

ASTM A653 Steel Sheet, Zinc-Coated (Galvanized) or Zinc-Iron, 

Alloy-Coated (Galvannealed) by the Hot-Dip Process 

ASTM 780 Repair of Damaged and Uncoated Areas of Hot-Dipped 

Galvanized Coatings 

ASTM A924 Steel Sheet, Metallic-Coated by the Hot-Dip Process 

ASTM D1056 
Standard Specification for Flexible Cellular Materials 

Sponge or Expanded Rubber. 

AWS D1.3 
Structural Welding Code Sheet Steel 
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Reference Title 

Steel Deck Institute (SDI) Design Manual for Composite Decks, Form Decks, 

Roof Decks, and Cellular Metal Floor Deck with 

Electrical Distribution 

 

1.03 SUBMITTALS 

 

The following information shall be provided in accordance with Section 01300: 

 

A. Complete shop drawings showing framing and deck layout indicating length, 

type, cross section, thickness, markings of metal deck units, and size and locations 

of all openings. Shop drawings shall not be a reproduction of the Contract 

Drawings.  

 

B. Details and gages of all accessories and miscellaneous items showing sump pans, 

cant strips, ridge and valley plates, closure strips and insulation supports. 

 

C. Manufacturer's ICC Evaluation Report with load tables including design thickness 

in inches, section properties, allowable gravity load, allowable diaphragm shear 

loads and allowable construction live loads. 

 

D. Erection marks.  Mark each bundle to correspond to the shop drawings. 

 

E. Certification from SDI that manufacturer is a member of SDI and that the steel 

roof deck is designed in accordance with SDI standards. 

 

F. Certification for installers of deck fastening systems. 

 

1.04 QUALITY ASSURANCE 

 

Steel roof deck shall conform to the requirements of the SDI standard for Steel Roof 

Deck. 

 

Deck manufacturer shall be a member of the Steel Deck Institute and design of the deck 

shall be by a qualified professional engineer. 

 

Deck installer shall have minimum three years’ experience on comparable steel deck 

projects.  Installers shall be trained and certified by manufacturer to install fastening systems. 

1.05 DELIVERY, STORAGE, AND HANDLING 

 

Store materials off the ground with one end elevated to provide drainage.  Protect from 

the elements with a waterproof covering, ventilated to avoid condensation. Prevent rust, 

deterioration, and accumulation of foreign materials.  
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PART 2  PRODUCTS 

 

2.01 MATERIALS 

 

A. SHEET STEEL:   

 

ASTM A653, SS, Grade 50, with Designation G60 galvanized coating. 

 

B. STRUCTURAL STEEL:   

 

ASTM A36. 

 

C. GALVANIZING REPAIR PAINT:   

 

Paint shall be 95 percent zinc dust, organic vehicle primer compatible with galvanized 

surfaces per Section 05910. 

 

2.02 FABRICATION 

 

A. GENERAL: 

 

1. Form deck units in lengths to span three or more support spacings, with 

minimum two-inch laps and side laps.  Configuration shall be appropriate 

for side lap connection. 

2. Deck profile and gage shall be as shown on the drawings.  Acceptable 

manufacturer is Verco or approved equal. 

B. CLOSURE PLATES:   

 

Fabricate closure plates of galvanized sheet steel of same quality as deck units.  Provide 

tight-fitting closure with deck units. 

 

C. FABRICATION TOLERANCES:   

 

Maximum variation in unit alignment shall be 1/4 inch in 40 feet. 

   

 

PART 3  EXECUTION 

 

3.01 INSPECTION 

 

Check supporting members for correct layout and alignment.  Verify that surfaces to 

receive steel deck are free of debris.  Do not proceed with installation until defects are corrected. 
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3.02 INSTALLATION 

 

Install steel roof deck and accessories in accordance with the manufacturer's instructions 

and in accordance with final approved shop drawings and as specified herein.   

 

Fasten steel roof deck to all interior and exterior transverse supports and at side laps and 

longitudinal supports.  Deck fasteners and fastener spacing shall be as shown on the Drawings.  

End lap of steel roof deck shall be at least 2 inches and shall occur over transverse supporting 

members. 

 

Coordinate size, location, and details of penetrations with the Drawings, other trades, and 

details of approved equipment.  Pipe and conduit openings in the steel roof deck shall be 

reinforced according to the manufacturer's recommendation. 

 

1. Cutting and Fittings: 

 

a. Cut and fit steel roof deck units and accessories around projections 

through steel roof deck. 

b. Make cuts neat, square, and trim. 

c. Cut openings in steel roof deck true to dimensions using metal 

saws or drills. 

d. Do not use cutting torches. 

e. Openings greater than 6-in and less than 12-in in greatest 

dimension shall be reinforced with a 24-in by 24-in flat plate, 

minimum 20-gauge thickness, centered on the opening. 

 

Suspended ceilings, light fixtures, ducts, piping, conduits, or other utilities shall not be 

attached to steel roof deck. 

 

3.03 FIELD PAINTING 

 

Touch up galvanized surfaces with galvanizing repair paint applied in accordance with 

manufacturer’s instructions and Section 05910. 

 

3.04 INSPECTION 

 

The Engineer reserves the right to inspect steel roof deck in the field for compliance with 

the requirements specified herein and the approved shop drawings.  The Engineer may reject or 

require repair or re-fabrication of steel roof deck or accessories not meeting these requirements. 

 

Special inspection of the decking is required for the type, depth, gage, and attachment of the 

decking. 

 

**END OF SECTION** 
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SECTION 05501 

 

ANCHORS TO CONCRETE AND MASONRY 

 

PART 1--GENERAL 

 

1.01 DESCRIPTION 

 

 This section specifies anchor systems; bolts and all-thread rods used to attach structural 

elements and equipment to concrete and concrete masonry.  Included are cast-in-place and post-

installed anchors; adhesive systems, limited use expansion (wedge type) anchors, nuts and washers.  

Cast-in-place anchor bolts are specified as hot-dip galvanized or Type 316 stainless steel; all-thread 

rods are Type 316 stainless steel. 

 

1.02 QUALITY ASSURANCE/QUALITY CONTROL 

A. QUALITY ASSURANCE BY OWNER: 

Special inspection of anchor bolts shall be performed by the Special Inspector paid for by 

the OWNER and in accordance with IBC Chapter 17.   

B. REFERENCES 

 This section contains references to the following documents.  They are a part of this section 

as specified and modified.  Where a referenced document contains references to other standards, 

those documents are included as references under this section as if referenced directly.  In the event 

of conflict between the requirements of this section and those of the listed documents, the 

requirements of this section shall prevail. 

 

Reference Title 

ACI 318 Building Code Requirements for Structural Concrete 

ASTM A193 Alloy-Steel and Stainless Steel Bolting Materials for High-

Temperature or High Pressure Service and Other Special 

Purpose Applications 

ASTM A194 Carbon and Alloy Steel Nuts for Bolts for High Pressure or 

High-Temperature Service 

ASTM A320 Alloy-Steel Bolting Materials for Low-Temperature Service 

ASTM A563 Carbon and Alloy Steel Nuts 

ASTM F593 Stainless Steel Bolts, Hex Cap Screws and Studs 

ASTM F594 Stainless Steel Nuts 

ASTM F844 Washers, Steel, Plain (Flat), Unhardened for General Use 
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Reference Title 

ASTM F1554 Anchor Bolts, Steel, 36, 55, 105-ksi Yield Strength 

IBC 2015 International Building Code with local amendments 

 

1.03 SUBMITTALS 

 

Provided the following submittals in accordance with Section 01300: 

 

1. Anchor bolt placement plans. 

 

2. Anchor bolt, nut, and washer material information, including material 

certifications. 

 

3. Where required here-in or by other sections of the Contract Documents, 

submit record copy of design calculations and details showing the required 

diameter, length, embedment, edge distance, confinement, anchor 

reinforcement, anchor bolt sleeves, connection redesign, and other 

conditions, stamped and signed by a Professional Engineer currently 

registered in the state of Arizona.  Calculations shall comply with the 

provisions of ACI 318-14 Chapter 17.   Calculations will not be reviewed by 

the Engineer and calculations will not be returned to the Contractor 

 

4. Product Data: 

 

a. ICC Evaluation Service Reports for post-installed adhesive type 

anchors and expansion (wedge type) anchors when allowed.  

Products shall be ICC approved for use in cracked concrete. 

b. Product data indicating load capacity charts/calculations. 

c. Chemical resistance. 

d. Temperature limitations. 

e. Manufacturers written installation instructions. 

 

 

PART 2--PRODUCTS 

 

2.01 GENERAL 

 

 Anchor bolt holes in equipment support frames shall not exceed the bolt diameters by more 

than 1/4 inch.  Minimum anchor bolt diameter shall be 1/2 inch.  Anchor bolts for equipment 

mounting shall be provided as specified in Section 11002.  

 Tapered washers shall be provided where mating surface is not square with the nut. 
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 When cast-in-place anchors are specifically indicated, post-installed anchors set in holes 

drilled in the concrete after the concrete is placed will not be permitted unless specifically requested 

by the Contractor and approved by the Engineer.  

 

2.02 MATERIALS 

 

 Anchor bolt materials shall be as specified in the following table:  

 

Material  Specification 

Stainless Steel Anchor Bolts ASTM A193 or A320, Type 316 

Stainless Steel Threaded Rods  ASTM F593, Type 316 

Stainless Steel Nuts and Washers ASTM A194 Heavy Hex Nuts and Washers 

(ASTM F594  Heavy Hex Nuts at Adhesive 

Anchors), Type 316 

Carbon Steel Anchor Bolts ASTM F1554, Grade 36 – Hot Dip 

Galvanized 

High-Strength Carbon Steel 

Anchor Bolts 

ASTM F1554, Grade 55, Weldable per 

Supplementary Requirement S1 – Hot Dip 

Galvanized 

Carbon Steel Nuts and Washers ASTM A563 and F844 – Heavy Hex 

Concrete Adhesive Anchors 

 

Hilti “HIT-RE 500-V3”, Simpson “SET-XP”, 

or equal – Type 316 stainless steel 

Masonry Adhesive Anchors Hilti "HIT-HY 270", Simpson “SET-XP”, or 

equal – Type 316 stainless steel 

Masonry Expansion (wedge) 

Anchors* 

Hilti "KWIK BOLT 3", or equal – Type 316 

stainless steel 

Concrete Expansion (wedge) 

Anchors * 

Hilti “KWIK BOLT TZ2”, or equal, Type 316 

stainless steel 

  

*Post installed anchors shall always be an adhesive type anchor system except when Contractor 

makes a request for a specific application and Engineer approves. 

 

2.03 STAINLESS STEEL FASTENER LUBRICANT (ANTI-SEIZING) 

 

A. Anti-seizing Lubricant for Stainless Steel Threaded Connections: 

1. Suitable for potable water supply. 

2. Formulated to resist washout. 
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3. Acceptable Manufacturers are Bostik, Saf-T-Eze, or equal. 

2.04 ANCHOR BOLT SLEEVES 

 

A. Provide anchor bolt sleeves as required by equipment manufacturer’s design for 

minor location adjustment. 

 

1. High density polyethylene plastic of single unit construction with 

deformed sidewalls such that the concrete and grout lock in place. 

2. The top of the sleeve shall be self-threading to provide adjustment of the 

threaded anchor bolt projection. 

3. Acceptable Manufacturers are Contec, Wilson, or equal. 

2.05 DESIGN 

 

 Anchor bolts for equipment and support and bracing of nonstructural components shall be 

designed by the equipment manufacturer to include seismic and wind forces when applicable. 

Design criteria provided in Section 01900. 

 

 

PART 3--EXECUTION 

 

3.01 GENERAL 

 

A. Anchor bolts shall be cast- in-place where indicated. 

 

B. Grouting of anchor bolts using plastic sleeves with non-shrink or epoxy grout, where 

required by equipment manufacturer’s design, shall be in accordance with Section 

03600. 

 

C. The threaded end of anchor bolts and all-thread rod shall be long enough to project 

through the entire depth of the nut and if too long, shall be cut off at ½-inch beyond top 

of nut and ground smooth. 

  

3.02 CAST-IN-PLACE ANCHOR BOLTS 

 

 Anchor bolts to be embedded in concrete shall be placed accurately and held in correct 

position using templates while the concrete is placed.  

 

 After anchor bolts have been embedded, their threads shall be protected by grease and the 

nuts run on. 
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3.03 ADHESIVE ANCHOR BOLTS 

 

 Note that adhesive anchors shall not be substituted for anchor bolts which are specifically 

indicated to be cast-in-place.  Use of adhesive anchors shall be subject to the following conditions: 

 

1. Limit to locations where exposure, on an intermittent or continuous basis, to 

acid concentrations higher than 10 percent, to chlorine gas, or to machine or 

diesel oils, is extremely unlikely. 

 

2. Limit to applications where exposure to fire or exposure to concrete or rod 

temperature above 120 degrees F is extremely unlikely. Overhead 

applications (such as pipe supports) shall not be allowed. 

 

3. Approval from Engineer for specific application and from supplier of 

equipment to be anchored, if applicable. 

4. Anchor diameter and material shall be per equipment manufacturer’s 

specifications.  Anchor shall be threaded or deformed full length of 

embedment and shall be free of rust, scale, grease, and oils. 

 

5. Embedment depth shall be as specified by the equipment manufacturer 

(minimum 6 inches) unless noted otherwise. 

 

6. Follow the anchor system manufacturer’s written installation instructions. 

 

7. Holes shall have rough surfaces created by using a hammer drill with carbide 

bit (core drilled holes are not allowed). 

 

8. Holes shall be blown clean with oil-free compressed air and be free of dust 

or standing water prior to installation.  

 

9. Concrete and air temperature shall be compatible with curing requirements 

of adhesives per adhesive manufacturer instructions.  Anchors shall not be 

placed in when concrete temperature is below 25 degrees F. 

 

10. Anchors shall be left undisturbed and unloaded for full adhesive curing 

period which is based on temperature of the concrete. 

 

 

3.04 EXPANSION ANCHORS 

 

 Expansion (wedge type) anchors shall not be substituted for cast-in-place anchor bolts or 

adhesive anchors unless approved by the Engineer for a specific application.  Use of expansion 

anchors shall be subject to conditions 3 through 8 as specified above for adhesive anchors.  
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Expansion anchors shall not be used in a submerged condition nor in mounting of equipment 

subject to vibration or cyclic motion. 

 

3.05 REINFORCING STEEL CONFLICTS WITH POST-INSTALLED ANCHOR 

INSTALLATION 

 

A. When reinforcing steel is encountered in the drill path, slant drill to clear 

obstruction and provide beveled washer to match angle of anchor. Drill shall not 

be slanted more than 10 degrees. 

 

B. Where slanting the drill does not resolve the conflict, notify the Project 

Representative and resolve the conflict to the satisfaction of the Project 

Representative in consultation with the Engineer. 

 

C. Abandoned post-installed anchor holes shall be cleaned and filled with non-shrink 

grout and struck off flush with adjacent surface. 

 

D. The costs of determining and executing the resolution shall be borne by the 

Contractor.  The determination and execution of the resolution shall not result in 

additional cost to the Owner. 

 

E. Reinforcing steel in masonry shall not be damaged.   

 

F. In order to avoid or resolve a conflict, locate embedded reinforcing steel using 

non-destructive methods and/or redesign the attachment. 

 

1. Redesign shall be done by the Contractor’s Professional Engineer 

currently registered in the State of Arizona. 

2. Calculations and details for redesign shall be submitted for record 

purpose. 

 

**END OF SECTION** 
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 SECTION 05505 

 

 MISCELLANEOUS METALWORK 

 

 

PART 1--GENERAL 

 

1.01 DESCRIPTION 

 

 This section specifies fabricated metalwork items and other miscellaneous metalwork. 

 

1.02 QUALITY ASSURANCE 

 

 A. GENERAL: 

 

  The use of salvaged, reprocessed or scrap materials will not be permitted. 

 

 B. REFERENCES: 

 

 This section contains references to the following documents.  They are a part of this section 

as specified and modified.  Where a referenced document contains references to other standards, 

those documents are included as references under this section as if referenced directly.  In the event 

of conflict between the requirements of this section and those of the listed documents, the 

requirements of this section shall prevail. 

 

 Unless otherwise specified, references to documents shall mean the documents in effect at 

the time of Advertisement for Bids or Invitation to Bid (or on the effective date of the Agreement if 

there were no Bids).  If referenced documents have been discontinued by the issuing organization, 

references to those documents shall mean the replacement documents issued or otherwise identified 

by that organization or, if there are no replacement documents, the last version of the document 

before it was discontinued.  Where document dates are given in the following listing, references to 

those documents shall mean the specific document version associated with that date, regardless of 

whether the document has been superseded by a version with a later date, discontinued or replaced. 

 

Reference Title 

ANSI A14.3 Standard for Ladders - Fixed - Safety Requirements 

AISC 303-10 Code of Standard Practice for Steel Buildings and 

Bridges 

AISC 360-10 Specification for Structural Steel Buildings 

AISC Manual American Institute of Steel Construction, Manual of 

Steel Construction, Fourteenth Edition 

ASTM A36 Specification for Carbon Structural Steel 

ASTM A48 Specification for Gray-Iron Castings 
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Reference Title 

ASTM A53 Specification for Pipe, Steel, Black and Hot-Dipped, 

Zinc-Coated, Welded and Seamless 

ASTM A108 Specification for Steel Bars, Carbon, Cold-Finished, 

Standard Quality 

ASTM A123 Specification for Zinc (Hot-Dip Galvanized) Coatings 

on Iron and Steel Products 

ASTM A153 Standard Specification for Zinc Coating (Hot-Dip) on 

Iron and Steel Hardware 

ASTM A167 Standard Specification for Stainless and Heat-Resisting 

Chromium-Nickel Steel Plate, Sheet and Strip 

ASTM A193 Standard Specification for Alloy-Steel and Stainless 

Steel Bolting Materials for High Temperature or High 

Pressure Service and Other Special Purpose 

Applications 

ASTM A194 Standard Specification for Carbon and Alloy Steel 

Nuts for Bolts for High Pressure or High Temperature 

Service 

ASTM A240 Specification for Heat-Resisting Chromium and 

Chromium-Nickel Stainless Steel Plate, Sheet, and 

Strip for Pressure Vessels 

ASTM A276 Specification for Stainless Steel Bars and Shapes 

ASTM A283 Standard Specification for Low and Intermediate 

Tensile Strength Carbon Steel Plates, Shapes and Bars 

ASTM A307 Standard Specification for Carbon Steel Externally 

Threaded Standard Fasteners 

ASTM A312 Standard Specification for Seamless and Welded 

Austenitic Stainless steel Pipes 

ASTM A320 Standard Specification for Alloy-Steel Bolting 

Materials for Low Temperature Service 

ASTM A325 Specification for Structural Bolts, Steel, Heat Treated 

120/105 ksi Minimum Tensile Strength 

ASTM A380 Standard Practice for Cleaning, Descaling, and 

Passivation of Stainless Steel Parts, Equipment, and 

Systems 

ASTM A384 Standard Practice for Safeguarding Against Warpage 

and Distortion During Hot-Dip Galvanizing of Steel 

Assemblies  
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Reference Title 

ASTM A500 Standard Specification for Cold-Formed Welded and 

Seamless Carbon Steel Structural Tubing in Rounds 

and Shapes 

ASTM A563 Specification for Carbon and Alloy Steel Nuts 

ASTM A653 Specification for Steel Sheet, Zinc-Coated 

(Galvanized) or Zinc-Iron Alloy-Coated 

(Galvannealed) by the Hot-Dip Process 

ASTM A780 Practice for Repair of Damaged and Uncoated Areas of 

Hot-Dip Galvanized Coatings 

ASTM A786 Specification for Hot-Rolled Carbon, Low-Alloy, 

High-Strength Low-Alloy, and Alloy Steel Floor Plates 

ASTM A793 Specification for Rolled Floor Plate, Stainless Steel 

ASTM A924 Standard Specification for General Requirements for 

Steel Sheet, Metallic-Coated by the Hot-Dip Process 

ASTM A967 Specification for Chemical Passivation Treatments for 

Stainless Steel Parts 

ASTM A992 Standard Specification for Structural Steel Shapes 

ASTM B695 Standard Specification for Coatings of Zinc 

Mechanically Deposited on Iron and Steel 

ASTM D1056 Specification for Flexible Cellular Materials - Sponge 

or Expanded Rubber 

ASTM F436 Specification for Hardened Steel Washers 

ASTM F468 Specification for Nonferrous Bolts, Hex Cap Screws, 

and Studs for General Use 

ASTM F593 Specification for Stainless Steel Bolts, Hex Cap 

Screws, and Studs 

ASTM F594 Specification for Stainless Steel Nuts 

ASTM F844 Standard Specification for Washers, Steel, Plain (Flat), 

Unhardened for General Use 

ASTM F1554 Specification for Anchor Bolts, Steel, 36, 55, and 

105-ksi Yield Strength 

ICC International Code Council Evaluation Reports for 

Concrete and Masonry Anchors 

NSF NSF International 

AWS D1.1 Structural Welding Code - Steel 
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Reference Title 

AWS D1.6 Structural Welding Code - Stainless Steel 

OSHA 29 CFR 1910.27 Fixed Ladders 

OSHA 29 CFR 1926.105 Safety Nets 

OSHA 29 CFR 1926.502 Fall Protection Systems Criteria and Practices 

RCSC Design Specification for Structural Joints using 

ASTM A325 or A490 Bolts 

IBC 2015 International Building Code 

 

1.03 SUBMITTALS 

 

The following information shall be provided in accordance with Section 01300: 

 

1. Procedures: Section 01300. 

2. Manufacturer's product data showing conformance to the specification. 

3. Detailed Shop Drawings:  Submit fabrication drawings showing layouts, 

connections to structural system, and anchoring details.  Submit erection and 

installation drawings indicating thickness, type, grade, class of metal, coating 

system and dimensions.  Show construction details, reinforcement, 

anchorage, and installation with relation to the building construction.  

4. Welding procedures and welder certificates and qualifications for the work 

being performed. 

5. Passivation method for stainless steel fabrications. 

 

PART 2--PRODUCTS 

 

2.01 MATERIALS 

 

 Materials for miscellaneous metalwork are specified in Table A. 

 

Table A, Materials for Miscellaneous Metalwork 

 

Material Specification 

Carbon Steel  

 Sheets, plates and shapes 

(except W shapes) 

ASTM A36 

 Steel W shapes ASTM A992 
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Material Specification 

 Pipe ASTM A53, Grade B 

 Square/rectangular tubing ASTM A500, Grade B 

 Headed Anchor Studs ASTM A108 

 Deformed anchor bars ASTM A496 

 Carbon steel bolts ASTM A307, Grade A  

 High strength bolts ASTM A325 (Type 1) 

 Nuts ASTM A563 

 Washers ASTM F844 

Stainless Steel  

 Sheets and plates ASTM A240, Type 316 or 316L 

 Shapes, bars, and similar items ASTM A276, Type 316 or 316L 

 Pipe ASTM A312, Type 316 or 316L 

 Headed Anchor Studs ASTM A193 or A320, Type 316 

 Bolts ASTM A193, Grade B8M Class 1, 

AISI 316 or ASTM A320, Grade 

B8M Class 1, AISI 316 

 Nuts ASTM A194 Grade 8M, SS316 

Thrust Ties for Steel Pipe  

 Threaded rods ASTM A193/A193M, Grade B7 

 Nuts ASTM A194/A194M, Grade 2H 

 Plate ASTM A283/A283M, Grade D 

Other steel items  

 Iron castings ASTM A48  

 Eyebolts ASTM A489 

 Threaded rods  ASTM A36/A36M  

 

2.02 FABRICATION 

 

 A. GENERAL: 

 

 Conform to AISC standards as applicable.  Where Code defined loads apply, also conform 

to IBC requirements. 
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Shop and field welding shall conform to the requirements of the AISC Manual of Steel 

Construction and applicable AWS procedures and specifications as required by the material being 

welded. 

 

Grind exposed joints flush and smooth with adjacent finish surface.  Make exposed joints 

butt, tight, flush, and hairline.  Remove all burrs and weld splatter.  Ease exposed edges to small 

uniform radius. 

 

Holes shall be punched 1/16 inch larger than the nominal size of the bolts, unless otherwise 

specified.  Whenever needed, because of the thickness of the metal, holes shall be subpunched and 

reamed or shall be drilled. 

 

 Fabrication including cutting, drilling, punching, threading and tapping required for 

miscellaneous metal or adjacent work shall be performed prior to hot-dip galvanizing. 

 

 

B. PIPE SLEEVES 

 

Unless otherwise indicated on design drawings, fabricate pipe sleeves from schedule 40 

steel pipe with 3/16” thick by 3’ wide seep ring continuously seal welded to the outside of the pipe.  

Galvanize after fabrication in accordance with ASTM A123. 

 

C. FIXED BOLLARDS 

 

Provide 6 inch galvanized standard weight steel pipe or as indicated on the design drawings.  

Pipe to be in accordance with ASTM A53.  Anchor posts in concrete as indicated and fill solidly 

with concrete with minimum compressive strength of 2500 psi.  

 

D. OTHER MISCELLANEOUS STEEL METALWORK: 

 

 Other miscellaneous steel metalwork including embedded and non-embedded steel 

metalwork, hangers and inserts shall be as specified on the drawings and shall be hot-dip galvanized 

after fabrication unless otherwise note on the design drawing. 

 

2.03 FABRICATION FINISHES 

 

A. GALVANIZING 

 

 For the galvanizing of miscellaneous metal work reference specification 05910. 

 

B. SHOP PAINTING 

 

 Surface prepare by blast clean surfaces in accordance with the project coating specification.  

Steel to be embedded in concrete shall be free of dirt and grease.  Do not paint or galvanize bearing 

surfaces, including contact surfaces within slip critical joints, but coat with rust preventative applied 
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in the shop.  On surfaces concealed in the finished construction or not accessible for finish painting, 

apply an additional prime coat. 

 

 

C. STAINLESS STEEL PASSIVATION 

 

 Stainless steel to be cleaned, descaled, and passivated after fabrication in accordance with 

ASTM A380.  Passivation to removal iron compounds from the surface of the stainless steel. 

 

PART 3--EXECUTION 

 

3.01 EXAMINATION AND PREPARATION 

 

A. Verify measurements at the site.  Include field dimensions in shop drawings. 

B. Verify that field conditions are acceptable and are ready to receive work. 

C. Make provisions for erection loads with temporary bracing.  Keep work in 

alignment. 

D. Supply items required to be cast into concrete or embedded in masonry with setting 

templates. 

 

3.02 INSTALLATION OF METAL FABRICATIONS 

 

A. Install items plumb, level and square, accurately fitted, and free from distortion or 

defects.  Install rigid, substantial, and neat in appearance. 

B. Allow for erection loads and provide temporary bracing to maintain true alignment 

until completion of erection and installation of permanent attachments. 

C. Fieldwork shall not be permitted on galvanized items.  Drilling of bolts or 

enlargement of holes to correct misalignment will not be allowed. 

D. Protect encased or embedded dissimilar metals (both metals must be encased or 

embedded) from galvanic corrosion by means of pressure tapes, coatings or 

isolators. 

E. Place metalwork to be embedded in concrete accurately and hold in correct position 

while the concrete is placed or, if indicated, form recesses or blockouts in the 

concrete.  Thoroughly clean the surfaces of metalwork in contact with or embedded 

in concrete.  If accepted, recesses may be neatly cored in the concrete after it has 

attained its design strength and the metalwork grouted in place. 

F. Pipe Sleeves: 

1. Provide where pipes pass through concrete or masonry. 
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2. Holes drilled with a rotary drill may be provided in lieu of sleeves in existing 

walls. 

3. Provide a center flange for water stoppage on sleeves in exterior or 

water-bearing walls. 

4. Provide a rubber caulking sealant or a modular mechanical unit to form a 

watertight seal in the annular space between pipes and sleeves. 

 

3.03 FIELD REPAIR OF COATINGS 

A. Galvanized: 

1. Maximum area to be repaired shall be no more than 1/2 of 1 percent of the 

surface area or 36 sq. in. per ton of piece weight, whichever is less.  Damage 

in excess of this requirement shall be repaired by stripping and recoating 

entire piece. 

2. Clean damaged areas to SSPC-SP5.  Repair with zinc-rich paint in 

accordance with the manufacturer's instructions and with ASTM A780, 

Annex A2.  Minimum thickness requirements shall be in accordance with 

ASTM A123, Paragraph 6.2.3. 

3. Use zinc-rich repair paint. 

4. Acceptable manufacturer: 

a. ZRC Galvilite. 

b. LPS Cold Galvanize 

c. Approved equal. 

B. Painted:  after installation, clean and touch up damaged areas with the same 

materials used for the shop coat. 

 

3.04 ELECTROLYTIC PROTECTION 

 

A. Coat surfaces of aluminum fabricated items to be in direct contact with concrete, 

grout, masonry, or dissimilar metals, as specified in Section 09900, unless indicated 

otherwise. 

 

3.05 STAINLESS STEEL 

 

A. During handling and installation, take necessary precautions to prevent carbon 

impregnation of stainless steel members. 
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B. After installation, visually inspect stainless steel surfaces for evidence of iron rust, 

oil, paint, and other forms of contamination. 

C. Remove contamination in accordance with requirements of ASTM A380. 

D. Brushes used to remove foreign substances shall utilize only stainless steel or 

nonmetallic bristles. 

 

3.06 FASTENER SCHEDULE 

A. Provide fasteners as follows: 

 

Service Use and Location Product Remarks 

1. Connections for Carbon Steel Fabrications 

 Interior and exterior areas Galvanized high-strength 

bolts 

Applies to both galvanized 

and painted carbon steel 

fabrications 

2. All Others 

 Exterior and interior areas Stainless steel fasteners  

 

 

 **END OF SECTION** 
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SECTION 05910 

HOT-DIP GALVANIZING 

PART 1  GENERAL 

1.01 DESCRIPTION 

A. Section includes: Hot-dip galvanizing of steel materials. 

1.02 REFERENCES: 

A. The references listed below are a part of this section. Where a referenced document 

contains references to other standards, those documents are included as references 

under this section as if referenced directly. In the event of conflict between the 

requirements of this section and those of the listed documents, the requirements of this 

section shall prevail. 

 

Reference Title 

ASTM A123 Zinc (Hot-Dip Galvanized) Coatings on Iron and Steel Products 

ASTM A143 Safeguarding Against Embrittlement of Hot-Dip Galvanized Structural 

Steel Products and Procedure for Detecting Embrittlement 

ASTM A153 Zinc Coating (Hot-Dip) on Iron and Steel Hardware 

ASTM A384 Safeguarding Against Warpage and Distortion During Hot-Dip 

Galvanizing of Steel Assemblies 

ASTM A385 Providing High-Quality Zinc Coatings (Hot-Dip) 

ASTM A780 Repair of Damaged and Uncoated Areas of Hot-Dip Galvanized Coatings 

ASTM B6 Zinc 

ASTM D6386 Preparation of Zinc (Hot-Dip Galvanized) Coated Iron and Steel Product 

and Hardware Surfaces for Painting 

ASTM E536 Test Methods for Chemical Analysis of Zinc and Zinc Alloys 

DOD-P-21035A Paint, High Zinc Dust Content, Galvanizing Repair 

1.03 SUBMITTALS 

A. Action Submittals 

1. Procedure: Section 01 33 00: 

2. A copy of this specification section with each paragraph check-marked to indicate 

specification compliance or marked to indicate requested deviations from 

specification requirements. 

3. Check-marks (✓) shall denote full compliance with a paragraph as a whole. 

Deviations shall be underlined and denoted by a number in the margin to the right of 

the identified paragraph. The remaining portions of the paragraph not underlined will 

signify compliance on the part of the Contractor with the specifications. Include a 

detailed, written justification for each deviation. Failure to include a copy of the 

marked-up specification sections, along with justification(s) for any requested 
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deviations to the specification requirements, with the submittal shall be sufficient 

cause for rejection of the entire submittal with no further consideration. 

4. Coating applicator's Certificate of Compliance that the hot-dip galvanized coating 

meets or exceeds the specified requirements of ASTM A123 or A153, as applicable. 

5. Evidence that the galvanized coating applicator is a member of the American 

Galvanizing Association. 

1.04 QUALITY ASSURANCE 

A. Hot-dip galvanized coating applicator shall be a member of the American Galvanizing 

Association. 

PART 2  PRODUCTS 

2.01 MATERIALS 

A. Zinc used for galvanizing shall conform to ASTM B6, and shall be at least equal to the 

grade designated as Prime Western. 

B. Maximum amount of aluminum added to a galvanizing bath shall not exceed 0.01 

percent. 

C. Hot-Dip Galvanized Coating: Conform to ASTM A123 and A153, as applicable. 

D. Repair: Zinc dust-zinc oxide coating conforming to DOD-P-21035A and containing 95 

percent zinc in the dry film. Acceptable product is ZRC Cold Galvanizing Compound by 

ZRC Worldwide, or approved equal. 

2.02 FABRICATION REQUIREMENTS 

A. Fabrication practices for products to be galvanized: In accordance with applicable 

portions of ASTM A143, A384 and A385. Avoid fabrication techniques that could cause 

steel distortion or embrittlement. 

B. Coordinate with steel detailer to provide vent and drain holes of sufficient size and 

quantity to achieve specified galvanized coating. 

PART 3  EXECUTION 

3.01 PREPARATION 

A. Casting surfaces to be galvanized shall be sand blasted or ground smooth.  When a 

smooth cast is required, castings shall be tumbled and all high spots ground flush.  

Castings shall be normalized to prevent cracking.  Malleable iron shall be safeguarded 

against embrittlement by pre-annealing. 

B. Steel work shall be precleaned utilizing a caustic bath, acid pickle and flux or shall be 

blast cleaned and fluxed to obtain an acceptable surface for quality hot dip galvanizing. 
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3.02 APPLICATION 

A. Steel Members, Fabrications, and Assemblies: Hot-dip galvanize after fabrication in 

accordance with ASTM A123. 

B. Steel Bolts, Screws, Nuts, Washers and Hardware Components: Hot-dip galvanize in 

accordance with ASTM A153. 

3.03 COATING REQUIREMENTS 

A. Hot-dip Coating Thickness: Conform to ASTM A123 or ASTM A153, as applicable. 

3.04 TESTING 

A. Chemical analysis for impurities in the bath shall be made in conformity with ASTM E536. 

B. Test Requirements and Methods: In accordance with ASTM A123 or ASTM A153, as 

applicable. 

3.05 GALVANIZED SURFACES TO BE PAINTED 

A. Where galvanized surfaces are specified to be painted in Section 09 90 00 or elsewhere 

in the Project Manual, conform to ASTM D6386. 

3.06 REPAIR OF DEFECTIVE GALVANIZED COATING 

A. Where zinc coating has been damaged after installation, clean substrate surface and 

repair with zinc dust-zinc oxide coating in accordance with ASTM A780. Apply zinc 

dust-zinc oxide coating in accordance with manufacturer’s recommendation. Apply 

multiple coats to achieve a minimum film thickness of 8 mils. 

B. Remove items not physically damaged, but which have insufficient or deteriorating zinc 

coatings, and items damaged in shipment or prior to installation, from the project site for 

repair by the hot-dip zinc coating method. 

END OF SECTION 
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SECTION 06100 

ROUGH CARPENTRY 

PART 1 - GENERAL 

1.01 SUMMARY 

A. Section Includes: 

1. Wood blocking and nailers. 

2. Wood furring. 

1.02 ACTION SUBMITTALS 

A. Product Data: For each type of process and factory-fabricated product. 

1.03 INFORMATIONAL SUBMITTALS 

A. Material Certificates: For dimension lumber specified to comply with minimum 

allowable unit stresses. Indicate species and grade selected for each use and 

design values approved by the ALSC Board of Review. 

B. Evaluation Reports: For the following, from ICC-ES: 

1. Wood-preservative-treated wood. 

PART 2 - PRODUCTS 

2.01 WOOD PRODUCTS, GENERAL 

A. Lumber: DOC PS 20 and applicable rules of grading agencies indicated. If no 

grading agency is indicated, comply with the applicable rules of any rules-writing 

agency certified by the ALSC Board of Review. Grade lumber by an agency 

certified by the ALSC Board of Review to inspect and grade lumber under the 

rules indicated. 

1. Factory mark each piece of lumber with grade stamp of grading agency. 

2. Dress lumber, S4S, unless otherwise indicated. 

B. Maximum Moisture Content of Lumber:  19 percent unless otherwise indicated. 
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2.02 WOOD-PRESERVATIVE-TREATED LUMBER 

A. Preservative Treatment by Pressure Process: AWPA U1; Use Category UC2 for 

interior construction not in contact with ground, Use Category UC3b for exterior 

construction not in contact with ground, and Use Category UC4a for items in 

contact with ground. 

1. Preservative Chemicals: Acceptable to authorities having jurisdiction and 

containing no arsenic or chromium. 

B. Kiln-dry lumber after treatment to a maximum moisture content of 19 percent. Do 

not use material that is warped or that does not comply with requirements for 

untreated material. 

C. Mark lumber with treatment quality mark of an inspection agency approved by 

the ALSC Board of Review. 

D. Application: Treat all rough carpentry unless otherwise indicated. 

2.03 MISCELLANEOUS LUMBER 

A. General: Provide miscellaneous lumber indicated and lumber for support or 

attachment of other construction, including the following: 

1. Blocking. 

2. Nailers. 

3. Furring. 

B. Dimension Lumber Items:  Construction or No. 2 grade lumber of any species. 

C. Concealed Boards:  19 percent maximum moisture content and any of the 

following species and grades: 

1. Mixed southern pine or southern pine; No. 2 grade; SPIB. 

2. Eastern softwoods; No. 2 Common grade; NeLMA. 

3. Northern species; No. 2 Common grade; NLGA. 

4. Western woods; Construction or No. 2 Common grade; WCLIB or 

WWPA. 
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2.04 FASTENERS 

A. General: Fasteners shall be of size and type indicated and shall comply with 

requirements specified in this article for material and manufacture. 

1. Where rough carpentry is exposed to weather, in ground contact, pressure-

preservative treated, or in area of high relative humidity, provide 

fasteners with hot-dip zinc coating complying with 

ASTM A 153/A 153M. 

B. Power-Driven Fasteners: Fastener systems with an evaluation report acceptable to 

authorities having jurisdiction, based on ICC-ES AC70. 

C. Post-Installed Anchors: Fastener systems with an evaluation report acceptable to 

authorities having jurisdiction, based on ICC-ES AC01, ICC-ES AC58, ICC-

ES AC193 or ICC-ES AC308 as appropriate for the substrate. 

PART 3 - EXECUTION 

3.01 INSTALLATION, GENERAL 

A. Framing Standard: Comply with AF&PA's WCD 1, "Details for Conventional 

Wood Frame Construction," unless otherwise indicated. 

B. Set rough carpentry to required levels and lines, with members plumb, true to line, 

cut, and fitted. Fit rough carpentry accurately to other construction. Locate 

furring, nailers, blocking, and similar supports to comply with requirements for 

attaching other construction. 

C. Install metal framing anchors to comply with manufacturer's written instructions. 

Install fasteners through each fastener hole. 

D. Do not splice structural members between supports unless otherwise indicated. 

E. Comply with AWPA M4 for applying field treatment to cut surfaces of 

preservative-treated lumber. 

F. Where wood-preservative-treated lumber is installed adjacent to metal decking, 

install continuous flexible flashing separator between wood and metal decking. 

G. Securely attach rough carpentry work to substrate by anchoring and fastening as 

indicated, complying with the following: 

1. Table 2304.9.1, "Fastening Schedule," in ICC's International Building 

Code (IBC). 
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2. Table R602.3(1), "Fastener Schedule for Structural Members," and 

Table R602.3(2), "Alternate Attachments," in ICC's International 

Residential Code for One- and Two-Family Dwellings. 

3. ICC-ES evaluation report for fastener. 

3.02 PROTECTION 

A. Protect wood that has been treated with inorganic boron (SBX) from weather. If, 

despite protection, inorganic boron-treated wood becomes wet, apply EPA-

registered borate treatment. Apply borate solution by spraying to comply with 

EPA-registered label. 

B. Protect rough carpentry from weather. If, despite protection, rough carpentry 

becomes wet enough that moisture content exceeds that specified, apply EPA-

registered borate treatment. Apply borate solution by spraying to comply with 

EPA-registered label. 

**END OF SECTION** 
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SECTION 06160 

SHEATHING 

PART 1 - GENERAL 

1.01 SUMMARY 

A. Section Includes: 

1. Composite nail base insulated roof sheathing and roof insulation. 

1.02 ACTION SUBMITTALS 

A. Product Data: For each type of process and factory-fabricated product. 

PART 2 - PRODUCTS 

2.01 COMPOSITE NAIL BASE INSULATED ROOF SHEATHING 

A. Oriented-Strand-Board-Surfaced, Polyisocyanurate-Foam Sheathing: 

ASTM C 1289, Type V with DOC PS 2, Exposure 1 oriented strand board on one 

face. 

1. Basis-of-Design Product: Subject to compliance with requirements, 

provide Atlas Roofing Corporation; AC Foam Nail Base Insulation or a 

comparable product by one of the following: 

a. Dow Chemical Company (The). 

b. Johns Manville; a Berkshire Hathaway company. 

2. Polyisocyanurate-Foam Thickness:  4 inches. 

3. Oriented-Strand-Board Nominal Thickness:  7/16 inch. 

2.02 FASTENERS 

A. General: Provide fasteners of size and type indicated that comply with 

requirements specified in this article for material and manufacture. 

1. For roof sheathing, provide fasteners with hot-dip zinc coating complying 

with ASTM A 153/A 153M. 

http://www.specagent.com/Lookup?ulid=11963
http://www.specagent.com/Lookup?uid=123456996588
http://www.specagent.com/Lookup?uid=123456996590
http://www.specagent.com/Lookup?uid=123456996591
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PART 3 - EXECUTION 

3.01 INSTALLATION, GENERAL 

A. Do not use materials with defects that impair quality of sheathing or pieces that 

are too small to use with minimum number of joints or optimum joint 

arrangement. Arrange joints so that pieces do not span between fewer than three 

support members. 

B. Cut panels at penetrations, edges, and other obstructions of work; fit tightly 

against abutting construction unless otherwise indicated. 

C. Securely attach to substrate by fastening as indicated, complying with the 

following: 

1. Table 2304.9.1, "Fastening Schedule," in the ICC's International Building 

Code. 

2. ICC-ES evaluation report for fastener. 

D. Coordinate roof sheathing installation with flashing and joint-sealant installation 

so these materials are installed in sequence and manner that prevent exterior 

moisture from passing through completed assembly. 

E. Do not bridge building expansion joints; cut and space edges of panels to match 

spacing of structural support elements. 

**END OF SECTION** 
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SECTION 07190  

WATER REPELLENTS 

PART 1 - GENERAL 

1.01 SUMMARY 

A. Section includes penetrating water-repellent treatments for the following vertical 

and horizontal surfaces: 

1. Concrete unit masonry. 

1.02 ACTION SUBMITTALS 

A. Product Data: For each type of product. 

B. Samples: For each type of water repellent and substrate indicated. 

1.03 INFORMATIONAL SUBMITTALS 

A. Product certificates. 

1.04 QUALITY ASSURANCE 

A. Applicator Qualifications: An employer of workers trained and approved by 

manufacturer. 

PART 2 - PRODUCTS 

2.01 PENETRATING WATER REPELLENTS 

A. RTV Silicone Rubber Penetrating Water Repellent:  Clear, solvent-based silicone 

elastomer. 

1. Products:  Subject to compliance with requirements, available products 

that may be incorporated into the Work include, but are not limited to, the 

following: 

a. Prosoco, Inc.: Sure Klean Weather Seal Blok Guard & Graffiti 

Control. 

b. Professional Products of Kansas: PWS-15. 

 



Water Repellents 

07190 - 2 

  Dilkon Pass Booster 

 Contract Issue 

 

PART 3 - EXECUTION 

3.01 EXAMINATION 

A. Examine substrates, areas, and conditions, with Applicator present, for 

compliance with requirements and conditions affecting performance of the Work. 

1. Verify that surfaces are clean and dry according to water-repellent 

manufacturer's requirements. Check moisture content in representative 

locations by method recommended by manufacturer. 

2. Verify that there is no efflorescence or other removable residues that 

would be trapped beneath the application of water repellent. 

3. Verify that required repairs are complete, cured, and dry before applying 

water repellent. 

B. Test pH level according to water-repellent manufacturer's written instructions to 

ensure chemical bond to silica-containing or siliceous minerals. 

3.02 PREPARATION 

A. New Construction and Repairs: Allow concrete and other cementitious materials 

to age before application of water repellent, according to repellent manufacturer's 

written instructions. 

B. Cleaning: Before application of water repellent, clean substrate of substances that 

could impair penetration or performance of product according to water-repellent 

manufacturer's written instructions. 

C. Coordination with Mortar Joints: Do not apply water repellent until pointing 

mortar for joints adjacent to surfaces receiving water-repellent treatment has been 

installed and cured. 

D. Coordination with Sealant Joints: Do not apply water repellent until sealants for 

joints adjacent to surfaces receiving water-repellent treatment have been installed 

and cured. 

1. Water-repellent work may precede sealant application only if sealant 

adhesion and compatibility have been tested and verified using substrate, 

water repellent, and sealant materials identical to those required. 

3.03 APPLICATION 

A. Manufacturer's Field Service: Engage a factory-authorized service representative 

to inspect the substrate before application of water repellent and to instruct 

Applicator on the product and application method to be used. 
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B. Apply coating of water repellent on surfaces to be treated using low-pressure 

spray to the point of saturation. Apply coating in dual passes of uniform, 

overlapping strokes. Remove excess material; do not allow material to puddle 

beyond saturation. Comply with manufacturer's written instructions for 

application procedure unless otherwise indicated. 

C. Apply a second saturation coating, repeating first application. Comply with 

manufacturer's written instructions for limitations on drying time between coats 

and after rainstorm wetting of surfaces between coats. Consult manufacturer's 

technical representative if written instructions are not applicable to Project 

conditions. 

3.04 CLEANING 

A. Immediately clean water repellent from adjoining surfaces and surfaces soiled or 

damaged by water-repellent application as work progresses. Correct damage to 

work of other trades caused by water-repellent application. 

B. Comply with manufacturer's written cleaning instructions. 

**END OF SECTION**
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SECTION 07410 

STANDING-SEAM METAL ROOF PANELS 

PART 1 - GENERAL 

1.01 SUMMARY 

A. Section includes standing-seam metal roof panels. 

B. Soffit panels. 

C. Snow guards. 

1.02 PREINSTALLATION MEETINGS 

A. Preinstallation Conference: Conduct conference at Project site. 

1.03 ACTION SUBMITTALS 

A. Product Data: For each type of product. 

B. Shop Drawings: Include fabrication and installation layouts of metal panels; details of 

edge conditions, joints, panel profiles, corners, anchorages, attachment system, trim, 

flashings, closures, and accessories; and special details. 

C. Samples: For each type of metal panel indicated. 

1.04 INFORMATIONAL SUBMITTALS 

A. Product test reports. 

B. Warranties: Sample of special warranties. 

1.05 CLOSEOUT SUBMITTALS 

A. Maintenance data. 
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1.06 QUALITY ASSURANCE 

A. Installer Qualifications: An entity that employs installers and supervisors who are 

trained and approved by manufacturer. 

B. UL-Certified, Portable Roll-Forming Equipment: UL-certified, portable roll-forming 

equipment capable of producing metal panels warranted by manufacturer to be the same 

as factory-formed products. Maintain UL certification of portable roll-forming 

equipment for duration of work. 

1.07 WARRANTY 

A. Special Warranty: Manufacturer's standard form in which manufacturer agrees to repair 

or replace components of metal panel systems that fail in materials or workmanship 

within specified warranty period. 

1. Warranty Period:  Two years from date of Substantial Completion. 

B. Special Warranty on Panel Finishes: Manufacturer's standard form in which 

manufacturer agrees to repair finish or replace metal panels that show evidence of 

deterioration of factory-applied finishes within specified warranty period. 

1. Finish Warranty Period:  20 years from date of Substantial Completion. 

C. Special Weathertightness Warranty: Manufacturer's standard form in which 

manufacturer agrees to repair or replace standing-seam metal roof panel assemblies that 

fail to remain weathertight, including leaks, within specified warranty period. 

1. Warranty Period:  20 years from date of Substantial Completion. 

PART 2 - PRODUCTS 

2.01 PERFORMANCE REQUIREMENTS 

A. Structural Performance: Provide metal panel systems capable of withstanding the 

effects of the following loads, based on testing according to ASTM E 1592: 

1. Wind Loads: 30 psf. 

2. Other Design Loads:  As indicated on Drawings. 

3. Deflection Limits: For wind loads, no greater than 1/240 of the span. 
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B. Air Infiltration: Air leakage of not more than 0.06 cfm/sq. ft. when tested according to 

ASTM E 1680 or ASTM E 283 at the following test-pressure difference: 

1. Test-Pressure Difference:  6.24 lbf/sq. ft. 

C. Water Penetration under Static Pressure: No water penetration when tested according to 

ASTM E 1646 or ASTM E 331 at the following test-pressure difference: 

1. Test-Pressure Difference:  6.24 lbf/sq. ft. 

D. Hydrostatic-Head Resistance: No water penetration when tested according to 

ASTM E 2140. 

E. Wind-Uplift Resistance: Provide metal roof panel assemblies that comply with UL 580 

for wind-uplift-resistance class indicated. 

1. Uplift Rating:  UL 90. 

F. Thermal Movements: Allow for thermal movements from ambient and surface 

temperature changes by preventing buckling, opening of joints, overstressing of 

components, failure of joint sealants, failure of connections, and other detrimental 

effects. Base calculations on surface temperatures of materials due to both solar heat 

gain and nighttime-sky heat loss. 

1. Temperature Change (Range):  120 deg F, ambient; 180 deg F, material surfaces. 

2.02 STANDING-SEAM METAL ROOF PANELS 

A. General: Provide factory-formed metal roof panels designed to be installed by lapping 

and interconnecting raised side edges of adjacent panels with joint type indicated and 

mechanically attaching panels to supports using concealed clips in side laps. Include 

clips, cleats, pressure plates, and accessories required for weathertight installation. 

1. Steel Panel Systems: Unless more stringent requirements are indicated, comply 

with ASTM E 1514. 

B. Vertical-Rib, Seamed-Joint, Standing-Seam Metal Roof Panels: Formed with vertical 

ribs at panel edges and a flat pan between ribs; designed for sequential installation by 

mechanically attaching panels to supports using concealed clips located under one side 

of panels, engaging opposite edge of adjacent panels, and mechanically seaming panels 

together. 
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1. Basis-of-Design Product: Subject to compliance with requirements, provide 

Berridge Manufacturing Company; Zee-Lock or a comparable product by one of 

the following: 

a. AEP Span; A BlueScope Steel Company. 

b. ATAS International, Inc. 

c. CENTRIA Architectural Systems. 

d. Englert, Inc. 

e. Fabral. 

f. Firestone Metal Products, LLC. 

g. IMETCO. 

h. Petersen Aluminum Corporation. 

2. Metallic-Coated Steel Sheet: Zinc-coated (galvanized) steel sheet complying with 

ASTM A 653/A 653M, G90 coating designation, or aluminum-zinc alloy-coated 

steel sheet complying with ASTM A 792/A 792M, Class AZ50 coating 

designation; structural quality. Prepainted by the coil-coating process to comply 

with ASTM A 755/A 755M. 

a. Nominal Thickness: 24 gauge. 

b. Exterior Finish:  Two-coat fluoropolymer. 

c. Color:  As selected by Architect from manufacturer's full range. 

3. Clips:  Two-piece floating to accommodate thermal movement. 

a. Material: Zinc-coated (galvanized) or aluminum-zinc alloy-coated steel 

sheet. 

4. Joint Type:  Single folded. 

5. Panel Coverage:  16 inches. 

6. Panel Height:  2.0 inches. 

http://www.specagent.com/Lookup?ulid=6906
http://www.specagent.com/Lookup?uid=123456979136
http://www.specagent.com/Lookup?uid=123456979132
http://www.specagent.com/Lookup?uid=123456979135
http://www.specagent.com/Lookup?uid=123456979137
http://www.specagent.com/Lookup?uid=123456979139
http://www.specagent.com/Lookup?uid=123456979140
http://www.specagent.com/Lookup?uid=123456979156
http://www.specagent.com/Lookup?uid=123456979144
http://www.specagent.com/Lookup?uid=123456979151
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2.03 SOFFIT PANELS 

A. Metal Soffit Panels: Formed standard with two grooves and interlocking side lap; 

designed for sequential installation by mechanically attaching panels to supports using 

concealed fasteners. 

1. Basis-of-Design Product: Subject to compliance with requirements, provide 

Berridge Manufacturing Company; L-Panel or a comparable product by one of 

the following: 

a. AEP Span; A BlueScope Steel Company. 

b. ATAS International, Inc. 

c. CENTRIA Architectural Systems. 

d. Englert, Inc. 

e. Fabral. 

f. Firestone Metal Products, LLC. 

g. IMETCO. 

h. Petersen Aluminum Corporation. 

2. Metallic-Coated Steel Sheet: Zinc-coated (galvanized) steel sheet complying with 

ASTM A 653/A 653M, G90 coating designation, or aluminum-zinc alloy-coated 

steel sheet complying with ASTM A 792/A 792M, Class AZ50 coating 

designation; structural quality. Prepainted by the coil-coating process to comply 

with ASTM A 755/A 755M. 

a. Nominal Thickness: 24 gauge. 

b. Exterior Finish:  Two-coat fluoropolymer. 

c. Color:  As selected by Architect from manufacturer's full range. 

3. Panel Coverage:  11-5/8 inches. 

4. Panel Height:  1.0 inches. 

http://www.specagent.com/Lookup?ulid=6906
http://www.specagent.com/Lookup?uid=123456979136
http://www.specagent.com/Lookup?uid=123456979132
http://www.specagent.com/Lookup?uid=123456979135
http://www.specagent.com/Lookup?uid=123456979137
http://www.specagent.com/Lookup?uid=123456979139
http://www.specagent.com/Lookup?uid=123456979140
http://www.specagent.com/Lookup?uid=123456979156
http://www.specagent.com/Lookup?uid=123456979144
http://www.specagent.com/Lookup?uid=123456979151
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2.04 UNDERLAYMENT MATERIALS 

A. Self-Adhering, High-Temperature Underlayment: Provide self-adhering, cold-applied, 

sheet underlayment, a minimum of 30 mils thick, consisting of slip-resistant, 

polyethylene-film top surface laminated to a layer of butyl or SBS-modified asphalt 

adhesive, with release-paper backing. Provide primer when recommended by 

underlayment manufacturer. 

1. Thermal Stability: Stable after testing at 240 deg F; ASTM D 1970. 

2. Low-Temperature Flexibility: Passes after testing at minus 20 deg F; 

ASTM D 1970. 

3. Manufacturers: Subject to compliance with requirements, available manufacturers 

offering products that may be incorporated into the Work include, but are not 

limited to the following: 

a. Carlisle Residential; a division of Carlisle Construction Materials. 

b. Grace Construction Products; W.R. Grace & Co. -- Conn. 

c. Henry Company. 

B. Felt Underlayment: ASTM D 226/D 22M, Type II (No. 30), asphalt-saturated organic 

felts. 

C. Slip Sheet: Manufacturer's recommended slip sheet, of type required for application. 

2.05 MISCELLANEOUS MATERIALS 

A. Panel Accessories: Provide components required for a complete, weathertight panel 

system including trim, copings, fasciae, mullions, sills, corner units, clips, flashings, 

sealants, gaskets, fillers, closure strips, and similar items. Match material and finish of 

metal panels unless otherwise indicated. 

1. Closures: Provide closures at eaves and ridges, fabricated of same metal as metal 

panels. 

2. Backing Plates: Provide metal backing plates at panel end splices, fabricated from 

material recommended by manufacturer. 

B. Panel Fasteners: Self-tapping screws designed to withstand design loads. 

http://www.specagent.com/Lookup?ulid=6911
http://www.specagent.com/Lookup?uid=123456979100
http://www.specagent.com/Lookup?uid=123456979101
http://www.specagent.com/Lookup?uid=123456979102
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C. Panel Sealants: Provide sealant type recommended by manufacturer that are compatible 

with panel materials, are nonstaining, and do not damage panel finish. 

1. Sealant Tape: Pressure-sensitive, 100 percent solids, gray polyisobutylene 

compound sealant tape with release-paper backing; 1/2 inch wide and 1/8 inch 

thick. 

2. Joint Sealant: ASTM C 920; as recommended in writing by metal panel 

manufacturer. 

3. Butyl-Rubber-Based, Solvent-Release Sealant: ASTM C 1311. 

2.06 FABRICATION 

A. General: Fabricate and finish metal panels and accessories at the factory, by 

manufacturer's standard procedures and processes, as necessary to fulfill indicated 

performance requirements demonstrated by laboratory testing. Comply with indicated 

profiles and with dimensional and structural requirements. 

B. On-Site Fabrication: Subject to compliance with requirements of this Section, metal 

panels may be fabricated on-site using UL-certified, portable roll-forming equipment if 

panels are of same profile and warranted by manufacturer to be equal to factory-formed 

panels. Fabricate according to equipment manufacturer's written instructions and to 

comply with details shown. 

C. Provide panel profile, including major ribs and intermediate stiffening ribs, if any, for 

full length of panel. 

D. Fabricate metal panel joints with factory-installed captive gaskets or separator strips 

that provide a weathertight seal and prevent metal-to-metal contact, and that minimize 

noise from movements. 

E. Sheet Metal Flashing and Trim: Fabricate flashing and trim to comply with 

manufacturer's recommendations and recommendations in SMACNA's "Architectural 

Sheet Metal Manual" that apply to design, dimensions, metal, and other characteristics 

of item indicated. 

2.07 FINISHES 

A. Panels and Accessories: 

1. Two-Coat Fluoropolymer:  AAMA 621. Fluoropolymer finish containing not less 

than 70 percent PVDF resin by weight in color coat. 

2. Concealed Finish: White or light-colored acrylic or polyester backer finish. 
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2.08 SNOW GUARD 

A. Snow Guard System:  S-5! ColorGard system manufactured by Metal Roof Innovation 

approved equal.  System to include extrusions, prefinished metal strips matching roof 

panels, splice connectors for crossmember sections, fasteners, and all related items 

necessary for a complete installation. 

1. Crossmember is to be continuous and include splice connectors to join adjacent 

sections, ensuring alignment and structural continuity.  Attach crossmember to 

clamps using minimum 3/8” diameter stainless steel bolts with flat washers. 

2. Provide S-5-U clamps manufactured by Metal Roof Innovation complete with 

stainless steel set screws and stainless steel bolt and washer as furnished by the 

manufacturer to attach the system to the standing seam roof.  Clamp spacing as 

calculated and not exceeding 32” o.c. 

3. Between each rib provide SnoClip as required to prevent snow from sliding 

underneath snow guard. 

PART 3 - EXECUTION 

3.01 PREPARATION 

A. Miscellaneous Supports: Install subframing, furring, and other miscellaneous panel 

support members and anchorages according to ASTM C 754 and metal panel 

manufacturer's written recommendations. 

3.02 UNDERLAYMENT INSTALLATION 

A. Self-Adhering Sheet Underlayment: Apply primer if required by manufacturer. Comply 

with temperature restrictions of underlayment manufacturer for installation. Apply at 

locations indicated below, wrinkle free, in shingle fashion to shed water, and with end 

laps of not less than 6 inches staggered 24 inches between courses. Overlap side edges 

not less than 3-1/2 inches. Roll laps with roller. Cover underlayment within 14 days. 

1. Apply over the entire roof surface. 

B. Felt Underlayment: Apply at locations indicated below, in shingle fashion to shed 

water, and with lapped joints of not less than 2 inches. 

1. Apply over the entire roof surface. 

C. Slip Sheet: Apply slip sheet over underlayment before installing metal roof panels. 
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D. Flashings: Install flashings to cover underlayment to comply with requirements 

specified in Section 07620 "Sheet Metal Flashing and Trim." 

3.03 METAL PANEL INSTALLATION 

A. Standing-Seam Metal Roof Panel Installation: Fasten metal roof panels to supports with 

concealed clips at each standing-seam joint at location, spacing, and with fasteners 

recommended in writing by manufacturer. 

1. Install clips to supports with self-tapping fasteners. 

2. Install pressure plates at locations indicated in manufacturer's written installation 

instructions. 

3. Seamed Joint: Crimp standing seams with manufacturer-approved, motorized 

seamer tool so clip, metal roof panel, and factory-applied sealant are completely 

engaged. 

4. Watertight Installation: 

a. Apply a continuous ribbon of sealant or tape to seal joints of metal panels, 

using sealant or tape as recommend in writing by manufacturer as needed to 

make panels watertight. 

b. Provide sealant or tape between panels and protruding equipment, vents, 

and accessories. 

c. At panel splices, nest panels with minimum 6-inch end lap, sealed with 

sealant and fastened together by interlocking clamping plates. 

B. Accessory Installation: Install accessories with positive anchorage to building and 

weathertight mounting, and provide for thermal expansion. Coordinate installation with 

flashings and other components. 

C. Flashing and Trim: Comply with performance requirements, manufacturer's written 

installation instructions, and SMACNA's "Architectural Sheet Metal Manual." Provide 

concealed fasteners where possible, and set units true to line and level as indicated. 

Install work with laps, joints, and seams that will be permanently watertight and 

weather resistant. 

3.04 SNOW GUARD INSTALLATION 

A. Verify that panel seam area is reasonably clean and free of visible dirt and foreign 

matter at the clamp locations prior to installing clamps.  Verify that any required 

machine seaming is complete prior to installation and that panels are adequately 
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attached and supported to the building structure to resist any loads imposed on the 

clamps. 

B. Install system to comply with design calculations and in accordance with 

manufacturer’s instructions.  Carefully lay out desired assembly locations true-to-line 

prior to installing clamps.  Clamps should avoid panel attachment clips if the clip is a 

single piece design.  Assemble set screws to clamp and clamp to seam following all 

manufacturers printed instructions.  Both set screws are to be at the same side of clamp.  

Verify manufacturer’s minimum recommended setscrew tension using calibrated torque 

wrench per manufacturer’s instructions.  Install snow retention assemblies straight and 

true-to-line. Secure all material per manufacturer’s instructions.  Join adjacent sections 

with splice pieces provided.  Do not cantilever cross member more than 6” past the last 

lamp in an assembly. 

C. Install SnoClips per manufacturer’s recommendations. 

3.05 CLEANING AND PROTECTION 

A. Remove temporary protective coverings and strippable films, if any, as metal panels are 

installed, unless otherwise indicated in manufacturer's written installation instructions. 

On completion of metal panel installation, clean finished surfaces as recommended by 

metal panel manufacturer. Maintain in a clean condition during construction. 

**END OF SECTION** 
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SECTION 07620  

SHEET METAL FLASHING AND TRIM 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section Includes: 

1. Formed roof-drainage sheet metal fabrications. 

2. Formed steep-slope roof sheet metal fabrications. 

1.2 PREINSTALLATION MEETINGS 

A. Preinstallation Conference: Conduct conference at Project site. 

1.3 ACTION SUBMITTALS 

A. Product Data: For each type of product. 

B. Shop Drawings: For sheet metal flashing and trim. 

1. Include plans, elevations, sections, and attachment details. 

2. Distinguish between shop- and field-assembled work. 

3. Include identification of finish for each item. 

4. Include pattern of seams and details of termination points, expansion 

joints and expansion-joint covers, direction of expansion, roof-penetration 

flashing, and connections to adjoining work. 

C. Samples: For each exposed product and for each color and texture specified. 

1.4 INFORMATIONAL SUBMITTALS 

A. Product certificates. 

B. Product test reports. 

C. Sample warranty. 
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1.5 CLOSEOUT SUBMITTALS 

A. Maintenance data. 

1.6 QUALITY ASSURANCE 

A. Fabricator Qualifications: Employs skilled workers who custom fabricate sheet 

metal flashing and trim similar to that required for this Project and whose 

products have a record of successful in-service performance. 

1.7 WARRANTY 

A. Special Warranty on Finishes: Manufacturer agrees to repair finish or replace 

sheet metal flashing and trim that shows evidence of deterioration of factory-

applied finishes within specified warranty period. 

1. Finish Warranty Period:  20 years from date of Substantial Completion. 

PART 2 - PRODUCTS 

2.1 PERFORMANCE REQUIREMENTS 

A. General: Sheet metal flashing and trim assemblies shall withstand wind loads, 

structural movement, thermally induced movement, and exposure to weather 

without failure due to defective manufacture, fabrication, installation, or other 

defects in construction. Completed sheet metal flashing and trim shall not rattle, 

leak, or loosen, and shall remain watertight. 

B. Sheet Metal Standard for Flashing and Trim: Comply with NRCA's "The NRCA 

Roofing Manual" and SMACNA's "Architectural Sheet Metal Manual" 

requirements for dimensions and profiles shown unless more stringent 

requirements are indicated. 

C. Thermal Movements: Allow for thermal movements from ambient and surface 

temperature changes. 

1. Temperature Change:  120 deg F, ambient; 180 deg F, material surfaces. 

2.2 SHEET METALS 

A. General: Protect mechanical and other finishes on exposed surfaces from damage 

by applying strippable, temporary protective film before shipping. 

B. Metallic-Coated Steel Sheet: Provide zinc-coated (galvanized) steel sheet 

according to ASTM A 653/A 653M, G90 coating designation or aluminum-zinc 
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alloy-coated steel sheet according to ASTM A 792/A 792M, Class AZ50 coating 

designation, Grade 40; prepainted by coil-coating process to comply with 

ASTM A 755/A 755M. 

1. Surface:  Manufacturer's standard clear acrylic coating on both sides. 

2. Exposed Coil-Coated Finish: 

a. Two-Coat Fluoropolymer: AAMA 621. Fluoropolymer finish 

containing not less than 70 percent PVDF resin by weight in color 

coat. Prepare, pretreat, and apply coating to exposed metal surfaces 

to comply with coating and resin manufacturers' written 

instructions. 

3. Color:  As selected by Architect from manufacturer's full range. 

2.3 MISCELLANEOUS MATERIALS 

A. General: Provide materials and types of fasteners, solder, protective coatings, 

sealants, and other miscellaneous items as required for complete sheet metal 

flashing and trim installation and as recommended by manufacturer of primary 

sheet metal unless otherwise indicated. 

B. Fasteners: Wood screws, annular threaded nails, self-tapping screws, self-locking 

rivets and bolts, and other suitable fasteners designed to withstand design loads 

and recommended by manufacturer of primary sheet metal. 

1. General: Blind fasteners or self-drilling screws, gasketed, with hex-washer 

head. 

a. Exposed Fasteners: Heads matching color of sheet metal using 

plastic caps or factory-applied coating. Provide metal-backed 

EPDM or PVC sealing washers under heads of exposed fasteners 

bearing on weather side of metal. 

b. Blind Fasteners: High-strength aluminum or stainless-steel rivets 

suitable for metal being fastened. 

c. Spikes and Ferrules: Same material as gutter; with spike with 

ferrule matching internal gutter width. 

2. Fasteners for Steel Sheet: Series 300 stainless steel or hot-dip galvanized 

steel according to ASTM A 153/A 153M or ASTM F 2329. 
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C. Sealant Tape: Pressure-sensitive, 100 percent solids, polyisobutylene compound 

sealant tape with release-paper backing. Provide permanently elastic, nonsag, 

nontoxic, nonstaining tape 1/2 inch wide and 1/8 inch thick. 

D. Elastomeric Sealant: ASTM C 920, elastomeric polyurethane polymer sealant; of 

type, grade, class, and use classifications required to seal joints in sheet metal 

flashing and trim and remain watertight. 

E. Butyl Sealant: ASTM C 1311, single-component, solvent-release butyl rubber 

sealant; polyisobutylene plasticized; heavy bodied for hooked-type expansion 

joints with limited movement. 

F. Epoxy Seam Sealer: Two-part, noncorrosive, aluminum seam-cementing 

compound, recommended by aluminum manufacturer for exterior nonmoving 

joints, including riveted joints. 

G. Bituminous Coating: Cold-applied asphalt emulsion according to ASTM D 1187. 

H. Asphalt Roofing Cement: ASTM D 4586, asbestos free, of consistency required 

for application. 

2.4 FABRICATION, GENERAL 

A. General: Custom fabricate sheet metal flashing and trim to comply with details 

shown and recommendations in cited sheet metal standard that apply to design, 

dimensions, geometry, metal thickness, and other characteristics of item required. 

Fabricate sheet metal flashing and trim in shop to greatest extent possible. 

1. Obtain field measurements for accurate fit before shop fabrication. 

2. Form sheet metal flashing and trim to fit substrates without excessive oil 

canning, buckling, and tool marks; true to line, levels, and slopes; and with 

exposed edges folded back to form hems. 

3. Conceal fasteners and expansion provisions where possible. Do not use 

exposed fasteners on faces exposed to view. 

B. Expansion Provisions: Form metal for thermal expansion of exposed flashing and 

trim. 

1. Form expansion joints of intermeshing hooked flanges, not less than 1 

inch deep, filled with butyl sealant concealed within joints. 

2. Use lapped expansion joints only where indicated on Drawings. 



Sheet Metal Flashing and Trim 

07620 - 5 

Dilkon Pass Booster 

Contract Issue 

C. Sealant Joints: Where movable, nonexpansion-type joints are required, form metal 

to provide for proper installation of elastomeric sealant according to cited sheet 

metal standard. 

D. Fabricate cleats and attachment devices from same material as accessory being 

anchored or from compatible, noncorrosive metal. 

E. Fabricate cleats and attachment devices of sizes as recommended by cited sheet 

metal standard for application, but not less than thickness of metal being secured. 

F. Seams: Fabricate nonmoving seams with flat-lock seams. Form seams and seal 

with elastomeric sealant unless otherwise recommended by sealant manufacturer 

for intended use. Rivet joints where necessary for strength. 

2.5 ROOF-DRAINAGE SHEET METAL FABRICATIONS 

A. Hanging Gutters: Fabricate to cross section required, complete with end pieces, 

outlet tubes, and other accessories as required. Fabricate in minimum 96-inch-

long sections. Furnish flat-stock gutter brackets and gutter spacers and straps 

fabricated from same metal as gutters, of size recommended by cited sheet metal 

standard but with thickness not less than twice the gutter thickness. Fabricate 

expansion joints, expansion-joint covers, and gutter accessories from same metal 

as gutters. 

B. Downspouts: Fabricate rectangular downspouts to dimensions indicated, complete 

with mitered elbows. Furnish with metal hangers from same material as 

downspouts and anchors. 

1. Fabricate from one of the following materials: 

a. Galvanized Steel:  24 gauge. 

b. Aluminum-Zinc Alloy-Coated Steel:  24 gauge. 

2.6 STEEP-SLOPE ROOF SHEET METAL FABRICATIONS 

A. Drip Edges: Fabricate from one of the following materials: 

1. Galvanized Steel:  24 gauge. 

2. Aluminum-Zinc Alloy-Coated Steel:  24 gauge. 

B. Eave, Rake Flashing: Fabricate from one of the following materials: 

1. Galvanized Steel:  24 gauge. 

2. Aluminum-Zinc Alloy-Coated Steel:  24 gauge. 
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PART 3 - EXECUTION 

3.1 INSTALLATION, GENERAL 

A. General: Anchor sheet metal flashing and trim and other components of the Work 

securely in place, with provisions for thermal and structural movement. Use 

fasteners, solder, protective coatings, separators, sealants, and other miscellaneous 

items as required to complete sheet metal flashing and trim system. 

1. Install sheet metal flashing and trim true to line, levels, and slopes. 

Provide uniform, neat seams with minimum exposure of solder, welds, 

and sealant. 

2. Install sheet metal flashing and trim to fit substrates and to result in 

watertight performance. Verify shapes and dimensions of surfaces to be 

covered before fabricating sheet metal. 

3. Space cleats not more than 12 inches apart. Attach each cleat with at least 

two fasteners. Bend tabs over fasteners. 

4. Install exposed sheet metal flashing and trim with limited oil canning, and 

free of buckling and tool marks. 

5. Torch cutting of sheet metal flashing and trim is not permitted. 

B. Metal Protection: Where dissimilar metals contact each other, or where metal 

contacts pressure-treated wood or other corrosive substrates, protect against 

galvanic action or corrosion by painting contact surfaces with bituminous coating 

or by other permanent separation as recommended by sheet metal manufacturer or 

cited sheet metal standard. 

1. Coat concealed side of sheet metal flashing and trim with bituminous 

coating where flashing and trim contact wood, ferrous metal, or 

cementitious construction. 

2. Underlayment: Where installing sheet metal flashing and trim directly on 

cementitious or wood substrates, install underlayment and cover with slip 

sheet. 

C. Expansion Provisions: Provide for thermal expansion of exposed flashing and 

trim. Space movement joints at maximum of 10 feet with no joints within 24 

inches of corner or intersection. 

1. Form expansion joints of intermeshing hooked flanges, not less than 1 

inch deep, filled with sealant concealed within joints. 
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2. Use lapped expansion joints only where indicated on Drawings. 

D. Fasteners: Use fastener sizes that penetrate wood blocking or sheathing not less 

than 1-1/4 inches for nails and not less than 3/4 inch for wood screws. 

E. Conceal fasteners and expansion provisions where possible in exposed work and 

locate to minimize possibility of leakage. Cover and seal fasteners and anchors as 

required for a tight installation. 

F. Seal joints as required for watertight construction. Prepare joints and apply 

sealants to comply with requirements in Section 07920 "Joint Sealants." 

G. Rivets: Rivet joints in uncoated aluminum where necessary for strength. 

3.2 ROOF-DRAINAGE SYSTEM INSTALLATION 

A. General: Install sheet metal roof-drainage items to produce complete roof-

drainage system according to cited sheet metal standard unless otherwise 

indicated. Coordinate installation of roof perimeter flashing with installation of 

roof-drainage system. 

B. Hanging Gutters: Join sections with joints sealed with sealant. Provide for thermal 

expansion. Attach gutters at eave or fascia to firmly anchor them in position. 

Provide end closures and seal watertight with sealant. Slope to downspouts. 

1. Install gutter with expansion joints at locations indicated, but not 

exceeding, 50 feet apart. Install expansion-joint caps. 

C. Downspouts: Join sections with 1-1/2-inch telescoping joints. Provide hangers 

with fasteners designed to hold downspouts securely to walls. Locate hangers at 

top and bottom and at approximately 60 inches o.c. 

3.3 ROOF FLASHING INSTALLATION 

A. General: Install sheet metal flashing and trim to comply with performance 

requirements, sheet metal manufacturer's written installation instructions, and 

cited sheet metal standard. Provide concealed fasteners where possible, and set 

units true to line, levels, and slopes. Install work with laps, joints, and seams that 

are permanently watertight and weather resistant. 

B. Roof Edge Flashing: Anchor to resist uplift and outward forces according to 

recommendations in cited sheet metal standard unless otherwise indicated. 

Interlock bottom edge of roof edge flashing with continuous cleat anchored to 

substrate. 
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C. Pipe or Post Counterflashing: Install counterflashing umbrella with close-fitting 

collar with top edge flared for elastomeric sealant, extending minimum of 4 

inches over base flashing. Install stainless-steel draw band and tighten. 

D. Counterflashing: Coordinate installation of counterflashing with installation of 

base flashing. Insert counterflashing in reglets or receivers and fit tightly to base 

flashing. Extend counterflashing 4 inches over base flashing. Lap counterflashing 

joints minimum of 4 inches. 

E. Roof-Penetration Flashing: Coordinate installation of roof-penetration flashing 

with installation of roofing and other items penetrating roof. Seal with elastomeric 

sealant and clamp flashing to pipes that penetrate roof. 

3.4 CLEANING AND PROTECTION 

A. Clean exposed metal surfaces of substances that interfere with uniform oxidation 

and weathering. 

B. Clean and neutralize flux materials. Clean off excess solder. 

C. Clean off excess sealants. 

D. Remove temporary protective coverings and strippable films as sheet metal 

flashing and trim are installed unless otherwise indicated in manufacturer's 

written installation instructions. 

**END OF SECTION**
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SECTION 07920 

JOINT SEALANTS 

PART 1 - GENERAL 

1.01 SUMMARY 

A. Section Includes: 

1. Urethane joint sealants. 

2. Latex joint sealants. 

1.02 ACTION SUBMITTALS 

A. Product Data:  For each joint-sealant product indicated. 

B. Samples:  For each kind and color of joint sealant required. 

C. Joint-Sealant Schedule:  Include the following information: 

1. Joint-sealant application, joint location, and designation. 

2. Joint-sealant manufacturer and product name. 

3. Joint-sealant formulation. 

4. Joint-sealant color. 

1.03 INFORMATIONAL SUBMITTALS 

A. Product test reports. 

PART 2 - PRODUCTS 

2.01 MATERIALS, GENERAL 

A. Liquid-Applied Joint Sealants:  Comply with ASTM C 920 and other 

requirements indicated for each liquid-applied joint sealant specified, including 
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those referencing ASTM C 920 classifications for type, grade, class, and uses 

related to exposure and joint substrates. 

B. Stain-Test-Response Characteristics:  Where sealants are specified to be 

nonstaining to porous substrates, provide products that have undergone testing 

according to ASTM C 1248 and have not stained porous joint substrates indicated 

for Project. 

2.02 URETHANE JOINT SEALANTS 

A. Urethane Joint Sealant :  ASTM C 920. 

1. Basis-of-Design Product:  Subject to compliance with requirements, 

provide  2C-SL and 2C-NS by Sika Corporation or comparable product by 

one of the following: 

a. BASF Building Systems. 

b. Pecora Corporation. 

c. Tremco Incorporated. 

2. Type:    Multicomponent (M). 

3. Grade:  Pourable (P) or nonsag (NS). 

4. Class:   50. 

2.03 LATEX JOINT SEALANTS 

A. Latex Joint Sealant:  Acrylic latex or siliconized acrylic latex, ASTM C 834, 

Type OP, Grade NF. 

1. Basis-of-Design Product:  Subject to compliance with requirements, 

provide  AC-20 by Pecora or comparable product by one of the following: 

a. BASF Building Systems. 

b. Tremco Incorporated. 
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2.04 JOINT SEALANT BACKING 

A. Cylindrical Sealant Backings:  ASTM C 1330, Type C (closed-cell material with 

a surface skin), and of size and density to control sealant depth and otherwise 

contribute to producing optimum sealant performance. 

B. Bond-Breaker Tape:  Polyethylene tape or other plastic tape recommended by 

sealant manufacturer. 

2.05 MISCELLANEOUS MATERIALS 

A. Primer:  Material recommended by joint-sealant manufacturer where required for 

adhesion of sealant to joint substrates indicated, as determined from 

preconstruction joint-sealant-substrate tests and field tests. 

B. Cleaners for Nonporous Surfaces:  Chemical cleaners acceptable to manufacturers 

of sealants and sealant backing materials. 

C. Masking Tape:  Nonstaining, nonabsorbent material compatible with joint 

sealants and surfaces adjacent to joints. 

PART 3 - EXECUTION 

3.01 PREPARATION 

A. Surface Cleaning of Joints:  Clean out joints immediately before installing joint 

sealants to comply with joint-sealant manufacturer's written instructions. 

1. Remove laitance and form-release agents from concrete. 

2. Clean nonporous joint substrate surfaces with chemical cleaners or other 

means that do not stain, harm substrates, or leave residues capable of 

interfering with adhesion of joint sealants. 

B. Joint Priming:  Prime joint substrates where recommended by joint-sealant 

manufacturer or as indicated by preconstruction joint-sealant-substrate tests or 

prior experience.  Apply primer to comply with joint-sealant manufacturer's 

written instructions.  Confine primers to areas of joint-sealant bond; do not allow 

spillage or migration onto adjoining surfaces. 
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C. Masking Tape:  Use masking tape where required to prevent contact of sealant or 

primer with adjoining surfaces that otherwise would be permanently stained or 

damaged by such contact or by cleaning methods required to remove sealant 

smears.  Remove tape immediately after tooling without disturbing joint seal. 

3.02 INSTALLATION 

A. Sealant Installation Standard:  Comply with recommendations in ASTM C 1193 

for use of joint sealants as applicable to materials, applications, and conditions 

indicated. 

B. Install sealant backings of kind indicated to support sealants during application 

and at position required to produce cross-sectional shapes and depths of installed 

sealants relative to joint widths that allow optimum sealant movement capability. 

1. Do not leave gaps between ends of sealant backings. 

2. Do not stretch, twist, puncture, or tear sealant backings. 

3. Remove absorbent sealant backings that have become wet before sealant 

application and replace them with dry materials. 

C. Install bond-breaker tape behind sealants where sealant backings are not used 

between sealants and backs of joints. 

D. Install sealants using proven techniques that comply with the following and at the 

same time backings are installed: 

1. Place sealants so they directly contact and fully wet joint substrates. 

2. Completely fill recesses in each joint configuration. 

3. Produce uniform, cross-sectional shapes and depths relative to joint widths 

that allow optimum sealant movement capability. 

E. Tooling of Nonsag Sealants:  Immediately after sealant application and before 

skinning or curing begins, tool sealants according to requirements specified in 

subparagraphs below to form smooth, uniform beads of configuration indicated; 

to eliminate air pockets; and to ensure contact and adhesion of sealant with sides 

of joint. 

1. Remove excess sealant from surfaces adjacent to joints. 
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2. Use tooling agents that are approved in writing by sealant manufacturer 

and that do not discolor sealants or adjacent surfaces. 

3. Provide concave joint profile per Figure 8A in ASTM C 1193, unless 

otherwise indicated. 

F. Clean off excess sealant or sealant smears adjacent to joints as the Work 

progresses by methods and with cleaning materials approved in writing by 

manufacturers of joint sealants and of products in which joints occur. 

3.03 JOINT-SEALANT SCHEDULE 

A. Joint-Sealant Application:  Exterior joints in horizontal traffic surfaces. 

1. Joint Locations: 

 

a. Isolation and contraction joints in cast-in-place concrete slabs. 

 

2. Joint Sealant:  Urethane. 

3. Joint-Sealant Color:  As selected by Architect from manufacturer's full 

range of colors. 

B. Joint-Sealant Application:  Exterior joints in vertical surfaces and horizontal 

nontraffic surfaces. 

1. Joint Locations: 

a. Construction joints in cast-in-place concrete. 

b. Control and expansion joints in unit masonry. 

c. Joints between metal panels. 

d. Joints between different materials listed above. 

e. Perimeter joints between materials listed above and frames of 

doors and louvers. 

f. Control and expansion joints in ceilings and other overhead 

surfaces. 
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2. Joint Sealant:  Urethane. 

3. Joint-Sealant Color:  As selected by Architect from manufacturer's full 

range of colors. 

C. Joint-Sealant Application:  Interior joints in horizontal traffic surfaces. 

1. Joint Locations: 

a. Isolation joints in cast-in-place concrete slabs. 

 

2. Joint Sealant:  Urethane. 

3. Joint-Sealant Color:    As selected by Architect from manufacturer's full 

range of colors. 

D. Joint-Sealant Application:  Interior joints in vertical surfaces and horizontal 

nontraffic surfaces. 

1. Joint Locations: 

a. Control and expansion joints on exposed interior surfaces of 

exterior walls. 

b. Perimeter joints of exterior openings where indicated. 

c. Perimeter joints between interior wall surfaces and frames of 

interior doors and windows. 

2. Joint Sealant:  Latex. 

3. Joint-Sealant Color:  As selected by Architect from manufacturer's full 

range of colors. 

**END OF SECTION** 
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SECTION 08110  

HOLLOW METAL DOORS AND FRAMES 

PART 1 - GENERAL 

1.01 SUMMARY 

A. Section includes hollow-metal work. 

1.02 DEFINITIONS 

A. Minimum Thickness: Minimum thickness of base metal without coatings 

according to NAAMM-HMMA 803 or SDI A250.8. 

1.03 ACTION SUBMITTALS 

A. Product Data: For each type of product. 

B. Shop Drawings: Include elevations, door edge details, frame profiles, metal 

thicknesses, preparations for hardware, and other details. 

C. Samples for Initial Selection: For units with factory-applied color finishes. 

D. Samples for Verification: For each type of exposed finish required. 

E. Schedule: Prepared by or under the supervision of supplier, using same reference 

numbers for details and openings as those on Drawings. 

1.04 INFORMATIONAL SUBMITTALS 

A. Product test reports. 

PART 2 - PRODUCTS 

2.01 MANUFACTURERS 

A. Manufacturers: Subject to compliance with requirements, available manufacturers 

offering products that may be incorporated into the Work include, but are not 

limited to the following: 

1. Amweld International, LLC. 

2. Ceco Door; ASSA ABLOY. 

http://www.specagent.com/Lookup?ulid=5745
http://www.specagent.com/Lookup?uid=123456969984
http://www.specagent.com/Lookup?uid=123456969965
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3. Commercial Door & Hardware Inc. 

4. Curries Company; ASSA ABLOY. 

5. Rocky Mountain Metals, Inc. 

6. Steelcraft; an Ingersoll-Rand brand. 

7. Stiles Custom Metal, Inc. 

8. West Central Mfg. Inc. 

2.02 EXTERIOR HOLLOW-METAL DOORS AND FRAMES 

A. Maximum-Duty Doors and Frames: SDI A250.8, Level 4. 

1. Physical Performance: Level A according to SDI A250.4. 

2. Doors: 

a. Type: As indicated in the Door and Frame Schedule. 

b. Thickness: 1-3/4 inches. 

c. Face: Metallic-coated steel sheet, minimum 14 gauge, with 

minimum A40 coating. 

d. Edge Construction:  Model 2, Seamless. 

e. Core:  Manufacturer's standard insulation material. 

3. Thermal-Rated Doors: Provide doors fabricated with thermal-resistance 

value (R-value) of not less than 10.0 deg F x h x sq. ft./Btu when tested 

according to ASTM C 1363. 

4. Frames: 

a. Materials: Metallic-coated steel sheet, minimum 14 gauge, with 

minimum A40 coating. 

b. Construction:  Full profile welded. 

5. Exposed Finish:  Prime. 

http://www.specagent.com/Lookup?uid=123456969954
http://www.specagent.com/Lookup?uid=123456969956
http://www.specagent.com/Lookup?uid=123456969993
http://www.specagent.com/Lookup?uid=123456969981
http://www.specagent.com/Lookup?uid=123456969961
http://www.specagent.com/Lookup?uid=123456969982
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2.03 FRAME ANCHORS 

A. Jamb Anchors: 

1. Masonry Type: Adjustable strap-and-stirrup or T-shaped anchors to suit 

frame size, not less than 0.042 inch thick, with corrugated or perforated 

straps not less than 2 inches wide by 10 inches long; or wire anchors not 

less than 0.177 inch thick. 

2. Postinstalled Expansion Type for In-Place Concrete or Masonry: 

Minimum 3/8-inch-diameter bolts with expansion shields or inserts. 

Provide pipe spacer from frame to wall, with throat reinforcement plate, 

welded to frame at each anchor location. 

B. Floor Anchors: Formed from same material as frames, minimum thickness of 

0.042 inch, and as follows: 

1. Monolithic Concrete Slabs: Clip-type anchors, with two holes to receive 

fasteners. 

2.04 MATERIALS 

A. Cold-Rolled Steel Sheet: ASTM A 1008/A 1008M, Commercial Steel (CS), 

Type B; suitable for exposed applications. 

B. Hot-Rolled Steel Sheet: ASTM A 1011/A 1011M, Commercial Steel (CS), 

Type B; free of scale, pitting, or surface defects; pickled and oiled. 

C. Metallic-Coated Steel Sheet: ASTM A 653/A 653M, Commercial Steel (CS), 

Type B. 

D. Frame Anchors: ASTM A 879/A 879M, Commercial Steel (CS), 04Z coating 

designation; mill phosphatized. 

1. For anchors built into exterior walls, steel sheet complying with 

ASTM A 1008/A 1008M or ASTM A 1011/A 1011M, hot-dip galvanized 

according to ASTM A 153/A 153M, Class B. 

E. Inserts, Bolts, and Fasteners: Hot-dip galvanized according to 

ASTM A 153/A 153M. 

F. Power-Actuated Fasteners in Concrete: From corrosion-resistant materials. 

G. Grout: ASTM C 476, except with a maximum slump of 4 inches, as measured 

according to ASTM C 143/C 143M. 
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H. Mineral-Fiber Insulation: ASTM C 665, Type I (blankets without membrane 

facing). 

I. Bituminous Coating: Cold-applied asphalt mastic, compounded for 15-mil dry 

film thickness per coat. 

2.05 FABRICATION 

A. Fabricate hollow-metal work to be rigid and free of defects, warp, or buckle. 

Accurately form metal to required sizes and profiles, with minimum radius for 

metal thickness. Where practical, fit and assemble units in manufacturer's plant. 

To ensure proper assembly at Project site, clearly identify work that cannot be 

permanently factory assembled before shipment. 

B. Hollow-Metal Doors: 

1. Exterior Doors: Provide weep-hole openings in bottoms of exterior doors 

to permit moisture to escape. Seal joints in top edges of doors against 

water penetration. 

2. Astragals: Provide overlapping astragal on one leaf of pairs of doors 

where required by NFPA 80 for fire-performance rating or where 

indicated. 

C. Hollow-Metal Frames: Where frames are fabricated in sections due to shipping or 

handling limitations, provide alignment plates or angles at each joint, fabricated 

of same thickness metal as frames. 

1. Frames: Provide closed tubular members with no visible face seams or 

joints, fabricated from same material as door frame. Fasten members at 

crossings and to jambs by butt welding. 

2. Provide countersunk, flat- or oval-head exposed screws and bolts for 

exposed fasteners unless otherwise indicated. 

3. Grout Guards: Weld guards to frame at back of hardware mortises in 

frames to be grouted. 

4. Floor Anchors: Weld anchors to bottoms of jambs with at least four spot 

welds per anchor; however, for slip-on drywall frames, provide anchor 

clips or countersunk holes at bottoms of jambs. 

5. Jamb Anchors: Provide number and spacing of anchors as follows: 
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a. Masonry Type: Locate anchors not more than 16 inches from top 

and bottom of frame. Space anchors not more than 32 inches o.c., 

to match coursing, and as follows: 

1) Two anchors per jamb up to 60 inches high. 

2) Three anchors per jamb from 60 to 90 inches high. 

3) Four anchors per jamb from 90 to 120 inches high. 

4) Four anchors per jamb plus one additional anchor per jamb 

for each 24 inches or fraction thereof above 120 inches 

high. 

b. Postinstalled Expansion Type: Locate anchors not more than 6 

inches from top and bottom of frame. Space anchors not more than 

26 inches o.c. 

D. Hardware Preparation: Factory prepare hollow-metal work to receive templated 

mortised hardware; include cutouts, reinforcement, mortising, drilling, and 

tapping according to SDI A250.6, the Door Hardware Schedule, and templates. 

1. Reinforce doors and frames to receive nontemplated, mortised, and 

surface-mounted door hardware. 

2. Comply with applicable requirements in SDI A250.6 and 

BHMA A156.115 for preparation of hollow-metal work for hardware. 

2.06 STEEL FINISHES 

A. Prime Finish: Clean, pretreat, and apply manufacturer's standard primer. 

1. Shop Primer: SDI A250.10. 

PART 3 - EXECUTION 

3.01 INSTALLATION 

A. Hollow-Metal Frames: Install hollow-metal frames for doors of size and profile 

indicated. Comply with SDI A250.11 or NAAMM-HMMA 840 as required by 

standards specified. 
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1. Set frames accurately in position; plumbed, aligned, and braced securely 

until permanent anchors are set. After wall construction is complete, 

remove temporary braces, leaving surfaces smooth and undamaged. 

a. Where frames are fabricated in sections because of shipping or 

handling limitations, field splice at approved locations by welding 

face joint continuously; grind, fill, dress, and make splice smooth, 

flush, and invisible on exposed faces. 

b. Install frames with removable stops located on secure side of 

opening. 

c. Install door silencers in frames before grouting. 

d. Remove temporary braces necessary for installation only after 

frames have been properly set and secured. 

e. Check plumb, square, and twist of frames as walls are constructed. 

Shim as necessary to comply with installation tolerances. 

f. Field apply bituminous coating to backs of frames that will be 

filled with grout containing antifreezing agents. 

2. Floor Anchors: Provide floor anchors for each jamb and mullion that 

extends to floor, and secure with postinstalled expansion anchors. 

a. Floor anchors may be set with power-actuated fasteners instead of 

postinstalled expansion anchors if so indicated and approved on 

Shop Drawings. 

3. Masonry Walls: Coordinate installation of frames to allow for solidly 

filling space between frames and masonry with grout. 

4. In-Place Concrete or Masonry Construction: Secure frames in place with 

postinstalled expansion anchors. Countersink anchors, and fill and make 

smooth, flush, and invisible on exposed faces. 

5. Installation Tolerances: Adjust hollow-metal door frames for squareness, 

alignment, twist, and plumb to the following tolerances: 

a. Squareness: Plus or minus 1/16 inch, measured at door rabbet on a 

line 90 degrees from jamb perpendicular to frame head. 

b. Alignment: Plus or minus 1/16 inch, measured at jambs on a 

horizontal line parallel to plane of wall. 
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c. Twist: Plus or minus 1/16 inch, measured at opposite face corners 

of jambs on parallel lines, and perpendicular to plane of wall. 

d. Plumbness: Plus or minus 1/16 inch, measured at jambs at floor. 

B. Hollow-Metal Doors: Fit hollow-metal doors accurately in frames, within 

clearances specified below. Shim as necessary. 

1. Non-Fire-Rated Steel Doors: 

a. Between Door and Frame Jambs and Head: 1/8 inch plus or minus 

1/32 inch. 

b. Between Edges of Pairs of Doors: 1/8 inch to 1/4 inch plus or 

minus 1/32 inch. 

c. At Bottom of Door:  5/8 inch plus or minus 1/32 inch. 

d. Between Door Face and Stop: 1/16 inch to 1/8 inch plus or minus 

1/32 inch. 

3.02 ADJUSTING AND CLEANING 

A. Final Adjustments: Check and readjust operating hardware items immediately 

before final inspection. Leave work in complete and proper operating condition. 

Remove and replace defective work, including hollow-metal work that is warped, 

bowed, or otherwise unacceptable. 

B. Remove grout and other bonding material from hollow-metal work immediately 

after installation. 

C. Prime-Coat Touchup: Immediately after erection, sand smooth rusted or damaged 

areas of prime coat and apply touchup of compatible air-drying, rust-inhibitive 

primer. 

D. Metallic-Coated Surface Touchup: Clean abraded areas and repair with 

galvanizing repair paint according to manufacturer's written instructions. 

E. Touchup Painting: Cleaning and touchup painting of abraded areas of paint are 

specified in painting Sections. 

**END OF SECTION**
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SECTION 08710 

DOOR HARDWARE 

PART 1 - GENERAL 

1.01 SUMMARY 

A. Section includes: 

1. Mechanical door hardware for the following: 

a. Swinging doors. 

B. Products furnished, but not installed, under this Section include the products listed 

below. Coordinating and scheduling the purchase and delivery of these products 

remain requirements of this Section. 

1. Permanent lock cores to be installed by Owner. 

1.02 ACTION SUBMITTALS 

A. Product Data: For each type of product indicated. 

B. Samples: For each exposed product and for each color and texture specified. 

C. Other Action Submittals: 

1. Door Hardware Schedule: Prepared by or under the supervision of 

Installer, detailing fabrication and assembly of door hardware, as well as 

installation procedures and diagrams. Coordinate final door hardware 

schedule with doors, frames, and related work to ensure proper size, 

thickness, hand, function, and finish of door hardware. 

a. Format: Use same scheduling sequence and format and use same 

door numbers as in the Contract Documents. 

b. Content: Include the following information: 

1) Identification number, location, hand, fire rating, size, and 

material of each door and frame. 

2) Locations of each door hardware set, cross-referenced to 

Drawings on floor plans and to door and frame schedule. 
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3) Complete designations, including name and manufacturer, 

type, style, function, size, quantity, function, and finish of 

each door hardware product. 

4) Description of electrified door hardware sequences of 

operation and interfaces with other building control 

systems. 

2. Keying Schedule: Prepared by or under the supervision of Installer, 

detailing Owner's final keying instructions for locks. 

1.03 MAINTENANCE MATERIAL SUBMITTALS 

A. Furnish extra materials that match products installed and that are packaged with 

protective covering for storage and identified with labels describing contents. 

1.04 QUALITY ASSURANCE 

A. Installer Qualifications: Supplier of products and an employer of workers trained 

and approved by product manufacturers and an Architectural Hardware 

Consultant who is available during the course of the Work to consult with 

Contractor, Architect, and Owner about door hardware and keying. 

B. Architectural Hardware Consultant Qualifications: A person who is experienced 

in providing consulting services for door hardware installations that are 

comparable in material, design, and extent to that indicated for this Project and 

who is currently certified by DHI as follows: 

1. For door hardware, an Architectural Hardware Consultant (AHC). 

C. Source Limitations: Provide electrified door hardware from same manufacturer as 

mechanical door hardware, unless otherwise indicated. Manufacturers that 

perform electrical modifications and that are listed by a testing and inspecting 

agency acceptable to authorities having jurisdiction are acceptable. 

D. Means of Egress Doors: Latches do not require more than 15 lbf to release the 

latch. Locks do not require use of a key, tool, or special knowledge for operation. 

1.05 DELIVERY, STORAGE, AND HANDLING 

A. Deliver keys to manufacturer of key control system for subsequent delivery to 

Owner. 

B. Deliver keys and permanent cores to Owner by registered mail or overnight 

package service. 
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1.06 WARRANTY 

A. Special Warranty: Manufacturer's standard form in which manufacturer agrees to 

repair or replace components of door hardware that fail in materials or 

workmanship within specified warranty period. 

1. Warranty Period:  Three years from date of Substantial Completion, unless 

otherwise indicated. 

a. Manual Closers: 10 years from date of Substantial Completion. 

PART 2 - PRODUCTS 

2.01 SCHEDULED DOOR HARDWARE 

A. Provide door hardware for each door as scheduled in Part 3 "Door Hardware 

Schedule" Article to comply with requirements in this Section. 

1. Door Hardware Sets: Provide quantity, item, size, finish or color indicated, 

and products equivalent in function and comparable in quality to named 

products. 

B. Designations: Requirements for design, grade, function, finish, size, and other 

distinctive qualities of each type of door hardware are indicated in Part 3 "Door 

Hardware Schedule" Article. Products are identified by using door hardware 

designations, as follows: 

1. Named Manufacturers' Products: Manufacturer and product designation 

are listed for each door hardware type required for the purpose of 

establishing minimum requirements. Manufacturers' names are 

abbreviated in Part 3 "Door Hardware Schedule" Article. 

2. References to BHMA Designations: Provide products complying with 

these designations and requirements for description, quality, and function. 

2.02 HINGES 

A. Hinges: BHMA A156.1.  Provide template-produced hinges for hinges installed 

on hollow-metal doors and hollow-metal frames. 

2.03 MECHANICAL LOCKS AND LATCHES 

A. Strikes: Provide manufacturer's standard strike for each lock bolt or latchbolt 

complying with requirements indicated for applicable lock or latch and with strike 

box and curved lip extended to protect frame; finished to match lock or latch. 
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1. Flat-Lip Strikes: For locks with three-piece antifriction latchbolts, as 

recommended by manufacturer. 

B. Mortise Locks: BHMA A156.13; Security Grade 1; stamped steel case with steel 

or brass parts; Series 1000. 

2.04 MANUAL FLUSH BOLTS 

A. Manual Flush Bolts: BHMA A156.16; minimum 3/4-inch throw; designed for 

mortising into door edge. 

2.05 LOCK CYLINDERS 

A. Lock Cylinders: Tumbler type, constructed from brass or bronze, stainless steel, 

or nickel silver. 

1. Manufacturer: Same manufacturer as for locking devices. 

B. Construction Master Keys: Provide cylinders with feature that permits voiding of 

construction keys without cylinder removal. Provide 10 construction master keys. 

C. Construction Cores: Provide construction cores that are replaceable by permanent 

cores. Provide 10 construction master keys. 

2.06 KEYING 

A. Keying System: Factory registered, complying with guidelines in 

BHMA A156.28, Appendix A. Incorporate decisions made in keying conference. 

1. No Master Key System: Only change keys operate cylinder. 

B. Keys:  Brass. 

1. Stamping: Permanently inscribe each key with a visual key control 

number and include the following notation: 

a. Notation:  "DO NOT DUPLICATE." 

2. Quantity: In addition to one extra key blank for each lock, provide the 

following: 

a. Cylinder Change Keys: Three. 
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2.07 SURFACE CLOSERS 

A. Surface Closers: BHMA A156.4; rack-and-pinion hydraulic type with adjustable 

sweep and latch speeds controlled by key-operated valves and forged-steel main 

arm. Comply with manufacturer's written recommendations for size of door 

closers depending on size of door, exposure to weather, and anticipated frequency 

of use. Provide factory-sized closers, adjustable to meet field conditions and 

requirements for opening force. 

2.08 MECHANICAL STOPS AND HOLDERS 

A. Wall- and Floor-Mounted Stops: BHMA A156.16; polished cast brass, bronze, or 

aluminum base metal. 

2.09 DOOR GASKETING 

A. Door Gasketing: BHMA A156.22; air leakage not to exceed 0.50 cfm per foot of 

crack length for gasketing other than for smoke control, as tested according to 

ASTM E 283; with resilient or flexible seal strips that are easily replaceable and 

readily available from stocks maintained by manufacturer. 

2.010 THRESHOLDS 

A. Thresholds: BHMA A156.21; fabricated to full width of opening indicated. 

2.011 METAL PROTECTIVE TRIM UNITS 

A. Metal Protective Trim Units: BHMA A156.6; fabricated from 0.050-inch-thick 

stainless steel; with manufacturer's standard machine or self-tapping screw 

fasteners. 

2.012 FABRICATION 

A. Fasteners: Provide door hardware manufactured to comply with published 

templates prepared for machine, wood, and sheet metal screws. Provide screws 

that comply with commercially recognized industry standards for application 

intended, except aluminum fasteners are not permitted. Provide Phillips flat-head 

screws with finished heads to match surface of door hardware, unless otherwise 

indicated. 

1. Concealed Fasteners: For door hardware units that are exposed when door 

is closed, except for units already specified with concealed fasteners. Do 

not use through bolts for installation where bolt head or nut on opposite 

face is exposed unless it is the only means of securely attaching the door 

hardware. Where through bolts are used on hollow door and frame 

construction, provide sleeves for each through bolt. 
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2. Spacers or Sex Bolts: For through bolting of hollow-metal doors. 

3. Gasketing Fasteners: Provide noncorrosive fasteners for exterior 

applications and elsewhere as indicated. 

2.013 FINISHES 

A. Provide finishes complying with BHMA A156.18 as indicated in door hardware 

schedule. 

B. Protect mechanical finishes on exposed surfaces from damage by applying a 

strippable, temporary protective covering before shipping. 

PART 3 - EXECUTION 

3.01 INSTALLATION 

A. Steel Doors and Frames: For surface applied door hardware, drill and tap doors 

and frames according to ANSI/SDI A250.6. 

B. Mounting Heights: Mount door hardware units at heights to comply with the 

following unless otherwise indicated or required to comply with governing 

regulations. 

1. Standard Steel Doors and Frames: ANSI/SDI A250.8. 

C. Install each door hardware item to comply with manufacturer's written 

instructions. Where cutting and fitting are required to install door hardware onto 

or into surfaces that are later to be painted or finished in another way, coordinate 

removal, storage, and reinstallation of surface protective trim units with finishing 

work. Do not install surface-mounted items until finishes have been completed on 

substrates involved. 

1. Set units level, plumb, and true to line and location. Adjust and reinforce 

attachment substrates as necessary for proper installation and operation. 

2. Drill and countersink units that are not factory prepared for anchorage 

fasteners. Space fasteners and anchors according to industry standards. 

D. Hinges: Install types and in quantities indicated in door hardware schedule but not 

fewer than the number recommended by manufacturer for application indicated or 

one hinge for every 30 inches of door height, whichever is more stringent, unless 

other equivalent means of support for door, such as spring hinges or pivots, are 

provided. 

E. Lock Cylinders: Install construction cores to secure building and areas during 

construction period. 
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1. Replace construction cores with permanent cores as directed by Owner. 

2. Furnish permanent cores to Owner for installation. 

F. Thresholds: Set thresholds for exterior doors and other doors indicated in full bed 

of sealant complying with requirements specified in Section 07920 "Joint 

Sealants." 

G. Stops: Provide floor stops for doors unless wall or other type stops are indicated 

in door hardware schedule. Do not mount floor stops where they will impede 

traffic. 

H. Perimeter Gasketing: Apply to head and jamb, forming seal between door and 

frame. 

I. Meeting Stile Gasketing: Fasten to meeting stiles, forming seal when doors are 

closed. 

J. Door Bottoms: Apply to bottom of door, forming seal with threshold when door is 

closed. 

K. Adjustment: Adjust and check each operating item of door hardware and each 

door to ensure proper operation or function of every unit. Replace units that 

cannot be adjusted to operate as intended. Adjust door control devices to 

compensate for final operation of heating and ventilating equipment and to 

comply with referenced accessibility requirements. 

3.02 FIELD QUALITY CONTROL 

A. Independent Architectural Hardware Consultant: Owner will engage a qualified 

independent Architectural Hardware Consultant to perform inspections and to 

prepare inspection reports. 

3.03 DOOR HARDWARE SCHEDULE 

KEY: 

 

B  Best   L LCN   S Stanley 

P  Pemko   T Trimco  

 

QTY. ITEM NUMBER MFR. 

Group 1  Single ext HM, entry 

3 pair 

1 

1 

1 

1 

Hinges 

Closer 

Exit Device 

Threshold 

Kickplate 

FBB179, 4 ½ x 4 ½, 626, NRP 

4041H, Cush 

??? 

272A x Door Width 

KOO50 10”H x Door Width less 2” 

S 

L 

?? 

P 

T 
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1 

1 

Weatherstripping 

Sweep 

305CS, head and jamb 

315CN 

P 

P 

Group 2  Double ext HM, entry 

3 pair 

1 

1 

2 

1 

1 

2 

1 

1 

Hinges 

Closer 

Lockset 

Flush bolts 

Strike 

Threshold 

Kickplates 

Weatherstripping 

Sweep 

FBB179, 4 ½ x 4 ½, 626, NRP 

4041H, Cush 

45H-7-AB-14H-626 

3917 x 12” @ Sill, extended rod @ Head 

3911 

272A x Door Width 

KOO50 10”H x Door Width less 2” 

305CS, head and jamb 

315CN 

S 

L 

B 

T 

T 

P 

T 

P 

P 

**END OF SECTION** 
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SECTION 09900 

 

COATING SYSTEMS 

 

 

PART 1--GENERAL 

 

1.01 DESCRIPTION 

 

A. SCOPE: 

 

This Section 09900 specifies coating systems, surface preparations, and application 

requirements for coating systems. 

 

B. DEFINITIONS: 

 

Specific coating terminology used in this Section 09900 is in accordance with definitions 

contained in ASTM D16, ASTM D3960, and the following definitions: 

 

1. Abrasive:  Material used for blast cleaning, such as sand, grit or shot. 

 

2. Abrasive Blast Cleaning:  Cleaning/surface preparation by abrasive 

propelled at high speed. 

 

3. Anchor Pattern:  Profile or texture of prepared surface(s). 

 

4. ANSI:  American National Standards Institute. 

 

5. Bug Holes:  Small cavities, usually not exceeding 15 mm in diameter, 

resulting from entrapment of air bubbles in the surface of formed concrete 

during placement and compaction. 

 

6. Coating/Paint/Lining Thickness:  The total thickness of primer, 

intermediate and/or finish coats. 

 

7. Coating System Applicator (CSA):  A generic reference to the specialty 

subcontractor or subcontractors retained by the Contractor to install the 

coating systems specified in this Section 09900. 

 

8. Coating System Manufacturer (CSM):  Refers to the acceptable coating 

system manufacturer, abbreviated as the CSM. 

 

9. Coating System Manufacturer’s Technical Representative(s) (CTR):  

Refers to the technical representative(s) of the acceptable Coating System 

Manufacturer and is abbreviated as CTR. 
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10. Dew point:  Temperature of a given air/water vapor mixture at which 

condensation starts. 

 

11. Dry Film Thickness (DFT):  Depth of cured film, usually expressed in 

mils (0.001 inch).  Use this definition as opposed to existing definition. 

 

12. Drying Time:  Time interval between application and curing of material. 

 

13. Dry to Recoat:  Time interval between application of material and ability 

to receive next coat. 

 

14. Dry to Touch:  Time interval between application of material and ability to 

touch lightly without damage. 

 

15. Feather Edging:  Reducing the thickness of the edge of paint. 

 

16. Feathering:  Operation of tapering off the edge of a point with a 

comparatively dry brush. 

 

17. Field Coat:  The application or the completion of application of the 

coating system after installation of the surface at the site of the work. 

 

18. Hold Point:  A defined point, specified in this Section 09900, at which 

work shall be halted for inspection. 

 

19. Holiday:  a discontinuity, skip, or void in coating or coating system film 

that exposes the substrate. 

 

20. Honeycomb:  Segregated condition of hardened concrete due to non-

consolidation. 

 

21. ICRI:  International Concrete Repair Institute. 

 

22. Incompatibility:  Inability of a coating to perform well over another 

coating because of bleeding, poor bonding, or lifting of old coating; 

inability of a coating to perform well on a substrate. 

 

23. Laitance:  A layer of weak, non-durable concrete containing cement fines 

that is brought to the surface through bleed water because of concrete 

finishing and/or over-finishing. 

 

24. Mil:  0.001 inch. 

 

25. NACE:  National Association of Corrosion Engineers. 
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26. Overspray:  Dry spray, particularly such paint that failed to strike the 

intended surface. 

 

27. Pinhole:  A small diameter discontinuity in a coating or coating system 

film that is typically created by outgassing of air from a void in a concrete 

substrate resulting in exposure of the substrate or a void between coats. 

 

28. Pot Life:  Time interval after mixing of components during which the 

coating can be satisfactorily applied. 

 

29. Resurfacer/Resurfacing Material:  A layer of cementitious and/or resin-

base material used to fill or otherwise restore surface continuity to worn or 

damaged concrete surfaces. 

 

30. Shelf Life:  Maximum storage time for which a material may be stored 

without losing its usefulness. 

 

31. Shop Coat:  One or more coats applied in a shop or plant prior to shipment 

to the site of the work, where the field or finishing coat is applied. 

 

32. Spreading Rate:  Area covered by a unit volume of paint at a specific 

thickness. 

 

33. SSPC:  The Society for Protective Coatings. 

 

34. Stripe Coat:  A separate coat of paint applied to all weld seems, pits, 

nuts/bolts/washers and edges by brush.  This coat shall not be applied until 

any previous coat(s) have cured and, once applied, shall be allowed to cure 

prior to the application of the subsequent coat(s). 

 

35. Surface Saturated Dry (SSD):  Refers to concrete surface condition where 

the surface is saturated (damp) without the presence of standing water. 

 

36. Tie Coat:  An intermediate coat used to bond different types of paint coats.  

Coatings used to improve the adhesion of a succeeding coat. 

 

37. Touch-Up Painting:  The application of paint on areas of painted surfaces 

to repair marks, scratches, and areas where the coating has deteriorated to 

restore the coating film to an unbroken condition. 

 

38. TPC:  Technical Practice Committee. 

 

39. Volatile Organic Compound (VOC) Content:  The portion of the coating 

that is a compound of carbon, is photochemically reactive, and evaporates 
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during drying or curing, expressed in grams per liter (g/l) or pounds per 

gallon (lb/gal). 

 

40. Immersion:  Refers to a service condition in which the substrate is below 

the waterline or submerged in water or wastewater at least intermittently if 

not constantly. 

 

41. Weld Splatter:  Beads of metal scattered near seam during welding. 

 

42. Wet Film Thickness (WFT):  The primer or coating film’s thickness 

immediately following application.  Wet film thickness is measured in 

mils or thousandths of an inch (0.001 inch) and is abbreviated WFT. 

 

1.02 QUALITY ASSURANCE 

 

A. REFERENCES: 

 

This section contains references to the following documents.  They are a part of this 

section as specified and modified.  Where a referenced document contains references to other 

standards, those documents are included as references under this section as if referenced directly.  

In the event of conflict between the requirements of this section and those of the listed 

documents, the requirements of this section shall prevail. 

 

Unless otherwise specified, references to documents shall mean the documents in effect 

at the time of Advertisement for Bids or Invitation to Bid (or on the effective date of the 

Agreement if there were no Bids).  If referenced documents have been discontinued by the 

issuing organization, references to those documents shall mean the replacement documents 

issued or otherwise identified by that organization or, if there are no replacement documents, the 

last version of the document before it was discontinued.  Where document dates are given in the 

following listing, references to those documents shall mean the specific document version 

associated with that date, regardless of whether the document has been superseded by a version 

with a later date, discontinued, or replaced. 

 

Reference Title 

ANSI/ASC 29.4 

Exhaust Systems 

Abrasive Blasting Operations – Ventilation and Safe Practice 

ANSI/NSF 61 Drinking Water System Components Health Effects 

ANSI B74.18 Grading of Certain Abrasive Grain on Coated Abrasive Material 

ASTM D16 Standard Terminology for Paint, Related Coatings, Materials, and 

Applications 

ASTM D2200 

(SSPC-VIS1) 

Pictorial Surface Preparation Standards for Painting Steel Surfaces 
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Reference Title 

ASTM D3960 Standard Practice for Determining Volatile Organic Compound (VOC) 

Content of Paints and Related Coatings 

ASTM D4262 Standard Test Method for pH of Chemically Cleaned or Etched 

Concrete Surfaces 

ASTM D4263 Standard Test Method for Indicating Moisture in Concrete by the 

Plastic Sheet Method 

ASTM D4414 Standard Practice for Measurement of Wet Film Thickness by Notch 

Gages 

ASTM D4417 Standard Test Methods for Field Measurement of Surface Profile of 

Blast Cleaned Steel 

ASTM D4541 Standard Test Methods for Pull-Off Strength of Coatings On Metal 

Substrates Using Portable Adhesion Testers 

ASTM D4787 Standard Practice for Continuity Verification of Liquid or Sheet 

Linings Applied to Concrete Substrates 

ASTM D5162 Standard Practice for Discontinuity (Holiday) Testing of 

Nonconductive Protective Coating on Metallic Substrates 

ASTM D7234 Standard Test Method for Pull-Off Adhesion Strength of Coatings on 

Concrete Using Portable Adhesion Testers. 

ASTM E337 Standard Test Method for Measuring Humidity With a Psychrometer 

ASTM F1869 Standard Test Method for Measuring Moisture Vapor Emission Rate of 

Concrete Subfloor Using Anhydrous Calcium Chloride 

FS 595b Federal Standard Colors 

ICRI 03732 Guideline for Selecting and Specifying Concrete Surface Preparation 

for Sealers, Coatings, and Polymer Overlays 

NACE Publication 6D-

163 

A Manual for Painter Safety 

NACE Publication 6F-

163 

Surface Preparation of Steel or Concrete Tank/Interiors 

NACE Publication 6G-

164 A 

Surface Preparation Abrasives for Industrial Maintenance Painting 

NACE Standards January 1988 Edition of the National Association of Corrosion 

Engineers, TPC. 

NACE Standard 

RP0188 

Standard Recommended Practice – Discontinuity (Holiday) Testing of 

New Protective Coatings on Conductive Substrates 

NACE Standard 

RP0288 

Standard Recommended Practice, Inspection of Linings on Steel and 

Concrete 
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Reference Title 

NACE Standard 

RP0892  

Standard Recommended Practice, Linings Over Concrete in Immersion 

Service 

NACE Publication 

TPC2 

Coatings and Linings for Immersion Service 

NAPF 500-03 Surface Preparation Standard for Ductile Iron Pipe and Fittings in 

Exposed Locations Receiving Special External Coatings and/or Special 

Internal Linings 

NAPF 500-03-04 Abrasive Blast Cleaning for Ductile Iron Pipe 

NAPF 500-03-05 Abrasive Blast Cleaning for Cast Ductile Iron Fittings 

OSHA 1910.144 Safety Color Code for Marking Physical Hazards 

OSHA 1915.35 Standards – 29CFR - Painting 

SSPC Paint Application Specification No. 1. 

SSPC-AB 1 Mineral and Slag Abrasives 

SSPC-PA 1 Shop, Field, and Maintenance Painting of Steel 

SSPC-PA 2 Measurement of Dry Coating Thickness with Magnetic Gages 

SSPC-PA 9 Measurement of Dry Coating Thickness on Cementitious Substrates 

Using Ultrasonic Gages 

SSPC-PA Guide 1 Guide for Illumination of Industrial Painting Project 

SSPC-PA Guide 3 A Guide to Safety in Paint Application 

SSPC-PA Guide 6 Guide for Containing Debris Generated During Paint Removal 

Operations 

SSPC-PA Guide 11 Guide for Coating Concrete 

SSPC SP1 Solvent Cleaning 

SSPC SP2 Hand Tool Cleaning 

SSPC SP3 Power Tool Cleaning 

SSPC SP5 White Metal Blast Cleaning 

SSPC SP6 Commercial Blast Cleaning 

SSPC SP7 Brush-Off Blast Cleaning 

SSPC SP10 Near-White Blast Cleaning 

SSPC SP11 Power Tool Cleaning to Bare Metal 

SSPC SP12 Surface Preparation and Cleaning of  Steel and Other Hard Materials by 

High and Ultra-High Pressure Water Jetting Prior to Recoating 

SSPC SP13 Surface Preparation of Concrete 
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Reference Title 

SSPC-TR2 Wet Abrasive Blast Cleaning 

SSPC-TU-3 Overcoating 

SSPC-TU-4 Field Methods for Retrieval and Analysis of Soluble Salts on 

Substrates. 

SSPC V2 Systems and Specifications: Steel Structures Painting Manual, Volume 

2 

SSPC-VIS 1 Visual Standard for Abrasive Blast Cleaned Steel 

SSPC-VIS 3 Visual Standard for Power and Hand – Tool Cleaned Steel 

SSPC-VIS 4 Visual Standards (Waterjetting) 

SSPC-VIS 5 Visual Standards (Wet Abrasive Blast Cleaning) 

WPCF Manual of 

Practice No. 17 

Paints and Protective Coatings for Wastewater Treatment Facilities.  

Guide and Paint Application Specifications. 

 

B. STANDARDIZATION: 

 

Materials and supplies provided shall be the standard products of CSMs.  Materials in 

each coating system shall be the products of a single CSM. 

 

The standard products of CSMs other than those specified may be acceptable when it is 

demonstrated to the Construction Manager that they are equal in composition, durability, 

usefulness, and convenience for the purpose intended.  Requests for consideration of CSMs other 

than those specified in this Section 09900 will be considered, provided the following minimum 

conditions are met.  Such requests are not a substitution for submittals after the alternative CSMs 

have been considered and accepted. 

 

1. The proposed coating system shall use an equal or greater number of 

separate coats to achieve the required total dry film thickness. 

 

2. The proposed coating system shall use coatings of the same generic type 

as that specified including curing agent type. 

 

3. Requests for consideration of products from CSMs other than those 

specified in this Section 09900 shall include information listed in 

paragraph 09900-1.04, Items 1, 2, and 3, demonstrating that the proposed 

CSM’s product is equal to the specified coating system. 

 

4. The Contractor and the proposed alternative CSM shall provide a list of 

references for the proposed product where the coating of the same generic 

type has been applied.  The reference list shall include the project name, 

city, state, owner, phone number of owner; coating system reference and 



 

Coating Systems 

09900-10 

Dilkon Pass Booster 

Contract Issue 

number from this Section 09900; type of facility in which it was used, 

generic type, and year coating was applied. 

 

C. QUALITY CONTROL REQUIREMENTS: 

 

1. The Contractor is responsible for the workmanship and quality of the 

coating system installation.  Inspections by the Construction Manager or 

the CTR will not relieve or limit the Contractor’s responsibilities. 

 

2. The Contractor’s methods shall conform to requirements of this 

specification and the standards referenced in this Section 09900.  Changes 

in the coating system installation requirements will be allowed only with 

the written acceptance of the Construction Manager before work 

commences. 

 

3. Only personnel who are trained by the CTR specifically for this contract 

or who are approved by the CSM specifically for this contract shall be 

allowed to perform the coating system installation specified in this Section 

09900. 

 

4. Contaminated, outdated, diluted materials, and/or materials from 

previously opened containers shall not be used. 

 

5. For repairs, the Contractor shall provide the same products, or products 

recommended by the CSM, as used for the original coating. 

 

6. The Contractor shall identify the points of access for inspection by the 

Owner or the Construction Manager.  The Contractor shall provide 

ventilation, ingress and egress, and other means necessary for the 

Construction Manager’s personnel to access safely the work areas.   

 

7. The Contractor shall conduct the work so that the coating system is 

installed as specified and shall inspect the work continually to ensure that 

the coating system is installed as specified.  Coating system work that 

does not conform to the specifications or is otherwise not acceptable shall 

be corrected as specified. 

 

8. The Contractor shall complete the Coating System Inspection Checklist, 

Form 09900-A, included in Section 01999, for coating system 

installations.  Follow the sequential steps required for proper coating 

system installation as specified and as listed in the Coating System 

Inspection Checklist.  For each portion of the work, install the coating 

system and complete sign-offs as specified prior to proceeding with the 

next step.  After completing each step as indicated on the Coating System 
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Inspection Checklist, the Contractor shall sign the checklist indicating that 

the work has been installed and inspected as specified.  

 

9. The Contractor shall provide written daily reports that present, in 

summary form, test data, work progress, surfaces covered, ambient 

conditions, quality control inspection test findings, and other information 

pertinent to the coating system installation. 

 

D. INSPECTION AT HOLD POINTS 

 

The Contractor shall conduct inspections at Hold Points during the coating system 

installation and record the results from those inspections on Form 09900-A.  The Contractor 

shall coordinate such Hold Points with the Construction Manager such that the Construction 

Manager may observe Contractor’s inspections on a scheduled basis.  The Contractor shall 

provide the Construction Manager a minimum of two (2) hours of notice prior to conducting 

Hold Point Inspections.  The Hold Points shall be as follows: 

 

1. Environment and Site Conditions.  Prior to commencing an activity 

associated with coating system installation, the Contractor shall measure, 

record, and confirm acceptability of ambient air temperature and humidity 

as well as other conditions such as proper protective measures for surfaces 

not to be coated and safety requirements for personnel.  The acceptability 

of the weather and/or environmental conditions within the structure shall 

be determined by the requirements specified by the CSM of the coating 

system being used. 

 

2. Conditions Prior to Surface Preparation.  Prior to commencing surface 

preparation, the Contractor shall observe, record, and confirm that oil, 

grease, and/or soluble salts have been eliminated from the surface. 

 

3. Monitoring of Surface Preparation.  Spot checking of degree of 

cleanliness, surface profile, and surface pH testing, where applicable.  In 

addition, the compressed air used for surface preparation or blow down 

cleaning shall be checked to confirm it is free from oil and moisture. 

 

4. Post Surface Preparation – Upon completion of the surface preparation, 

the Contractor shall measure and inspect for proper degree of cleanliness 

and surface profile as specified in this Section 09900 and in the CSM’s 

written instructions. 

 

5. Monitoring of Coatings Application – The Contractor shall inspect, 

measure, and record the wet film thickness and general film quality (visual 

inspection) for lack of runs, sags, pinholes, holidays, etc. as the application 

work proceeds. 
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6. Post Application Inspection – The Contractor shall identify defects in 

application work including pinholes, holidays, excessive runs or sags, 

inadequate or excessive film thickness and other problems as may be 

observed. 

 

7. Post Cure Evaluation – The Contractor shall measure and inspect the 

overall dry film thickness.  The Contractor shall conduct a DFT survey, as 

well as perform adhesion testing, holiday detection, or cure testing as 

required based on the type of project and the specific requirements in this 

Section 09900 and/or in the CSM’s written instructions. 

 

8. Follow-up to Corrective Actions and Final Inspection.  The Contractor 

shall measure and reinspect corrective coating work performed to repair 

defects identified at prior Hold Points.  This activity also includes final 

visual inspection along with follow-up tests such as holiday detection, 

adhesion tests, and DFT surveys. 

   

1.03 DELIVERY AND STORAGE 

 

Materials shall be delivered to the job site in their original, unopened containers.  Each 

container shall be properly labeled.  Materials shall be handled and stored to prevent damage to 

or loss of label. 

 

Labels on material containers shall show the following information: 

 

1. Name or title of product. 

2. CSM's batch number. 

3. CSM's name. 

4. Generic type of material. 

5. Application and mixing instructions. 

6. Hazardous material identification label. 

7. Shelf life expiration date. 

 

Materials shall be stored in enclosed structures and shall be protected from weather and 

excessive heat or cold in accordance with the CSM’s recommendations.  Flammable materials 

shall be stored in accordance with state and local requirements. 

 

Containers shall be clearly marked indicating personnel safety hazards associated with 

the use of or exposure to the materials. 

 

Material Safety Data Sheets (MSDS) for each material shall be provided to the 

Construction Manager. 

 

The Contractor shall store and dispose of hazardous waste according to federal, state and 

local requirements.  This requirement specifically addresses waste solvents and coatings. 
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1.04 SUBMITTALS: 

 

Provide in accordance with Section 01300: 

 

1. A copy of this specification section, with addendum updates included, and 

referenced and applicable sections, with addendum updates included, with 

each paragraph check-marked (✓) to indicate specification compliance or 

marked to indicate requested deviations from specification requirements or 

those parts which are to be provided by the Contractor or others.  Check 

marks shall denote full compliance with a paragraph as a whole.  If 

deviations from the specifications are indicated, and therefore requested 

by the Contractor, each deviation shall be underlined and denoted by a 

number in the margin to the right of the identified paragraph, referenced to 

a detailed written explanation of the reasons for requesting the deviation.  

The Construction Manager shall be the final authority for determining 

acceptability of requested deviations.  The remaining portions of the 

paragraph not underlined shall signify compliance on the part of the 

Contractor with the specifications.  Failure to include a copy of the 

marked-up specification sections, along with justification(s) for requested 

deviations to the specification requirements shall be cause for rejection of 

the entire submittal and no further submittal material will be reviewed.   

 

2. CSM’s current printed recommendations and product data sheets for 

coating systems including: 

 

a. Volatile organic compound (VOC) data 

b. Surface preparation recommendations. 

c. Primer type, where required. 

d. Maximum dry and wet-mil thickness per coat. 

e. Minimum and maximum curing time between coats, including 

atmospheric conditions for each. 

f. Curing time before submergence in liquid. 

g. Thinner to be used with each coating. 

h. Ventilation requirements. 

i. Minimum atmospheric conditions during which the paint shall be 

applied. 

j. Allowable application methods. 

k. Maximum allowable moisture content. 

l. Maximum shelf life. 

 

3. Affidavits signed and sealed by an officer of the CSM’s corporation, 

attesting to full compliance of each coating system component with 
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current and promulgated federal, state, and local air pollution control 

regulations and requirements. 

 

4. Material Safety Data Sheets (MSDS) for materials to be delivered to the 

job site, including coating system materials, solvents, and abrasive blast 

media. 

 

5. List of cleaning and thinner solutions allowed by the CSMs. 

 

6. Storage requirements including temperature, humidity, and ventilation for 

Coating System Materials as recommended by the CSMs. 

 

7. CSM's detailed, written instructions for coating system treatment and 

graphic details for coating system terminations in the structures to be 

coated including pipe penetrations, metal embedments, gate frames, and 

other terminations to be determined from the contract drawings.  This 

information shall also include detail treatment for coating system at joints 

in concrete. 

 

8. The Contractor and CSA shall provide a minimum of five project 

references each including contact name, address, and telephone number 

where similar coating work has been performed by their companies in the 

past five years. 

 

1.05 RESPONSIBILITIES OF THE CTR 

 

The Contractor shall retain or obtain the services of the CTR to be on site to perform the 

Contractor and/or CSA application training and to routinely inspect and verify in writing that the 

application personnel have successfully performed surface preparation, filler/surface application, 

coating system application, and Quality Control Inspection in accordance with this Section 

09900 and to warrantable level of quality.  This must include checking the required degree of 

cleanliness, surface pH for concrete substrates, surface profile of substrates, proper mixing of 

coating materials, application (including checking the wet and dry film thickness of the coating 

systems), proper cure of the coating systems, and proper treatment of coating systems at 

terminations, transitions, and joints and cracks in substrates.  Refer to Paragraph 1.05 B. for 

further details on these CTR requirements.  This inspection is in addition to the inspection 

performed by the Contractor in accordance with this Section 09900. 

 

A. COATING SYSTEM INSTALLATION TRAINING 

 

1. Provide a minimum of 8 hours of classroom and off site training for 

application and supervisory personnel (both the Contractor's and CSA’s).  

Provide training to a minimum of two supervisory personnel from the 

CSA and one supervisor from the Contractor.  Alternatively, the CTR 

shall provide a written letter from the CSM stating that the application 
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personnel (listed by name) who shall perform coating work are approved 

by the CSM without further or additional training. 

 

2. One CTR can provide training for up to fourteen application personnel and 

three supervisory personnel at one time.  The training shall include the 

following as a minimum: 

 

a. A detailed explanation of mixing, application, curing, and 

termination details. 

 

b. Hands-on demonstration of how to mix and apply the coating 

systems. 

 

c. A detailed explanation of the ambient condition requirements 

(temperature and humidity) and surface preparation requirements 

for application of the coating system as well as a detailed 

explanation of re-coat times, cure times, and related ambient 

condition requirements. 

 

d. When training is performed, the CTR shall provide a written letter 

stating that training was satisfactorily completed by the personnel 

listed by name in the letter. 

 

B. COATING SYSTEM INSPECTION  

 

While on site to routinely inspect and verify, the CTR shall perform the following 

activities to confirm acceptability and conformance with the specifications: 

 

1. Inspect ambient conditions during various coating system installation at 

hold points for conformance with the specified requirements. 

 

2 Inspect the surface preparation of the substrates where the coating system 

will terminate or will be applied for conformance to the specified 

application criteria. 

 

3. Inspect preparation and application of coating detail treatment (for 

example, terminations at joints, metal embedments in concrete, etc.). 

4. Inspect application of the filler/surface materials for concrete and masonry 

substrates. 

 

5. Inspect application of the primers and finish coats including wet and dry 

film thickness of the coatings. 

 

6. Inspect coating systems for cure. 
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7. Review adhesion testing of the cured coating systems for conformance to 

specified criteria. 

 

8. Review coating system continuity testing for conformance to specified 

criteria. 

 

9. Inspect and record representative localized repairs made to discontinuities 

identified via continuity testing. 

 

10. Conduct a final review of completed coating system installation for 

conformance to the specifications. 

 

11. Prepare and submit a site visit report following each site visit that 

documents the acceptability of the coating work in accordance with the 

CSM’s recommendations. 

 

C. FINAL REPORT  

 

Upon completion of coating work for the project, the CTR shall prepare a final report.  

That report shall summarize daily test data, observations, drawings, and photographs in a report 

to be submitted in accordance with paragraph 09900-2.02.  Include substrate conditions, ambient 

conditions, and application procedures, observed during the CTR's site visits.  Include a 

statement that the completed work was performed in accordance with the requirements of this 

Section 09900 and the CSM’s recommendations. 

PART 2--PRODUCTS 

 

2.01 MATERIALS 

 

Notwithstanding the listing of product names in this Section 09900, the Contractor shall 

provide affidavits, signed and sealed by an officer of the CSM’s corporation, attesting to full 

compliance of each coating system component with current and promulgated federal, state, and 

local air pollution control regulations and requirements.  No coatings shall be applied to a surface 

until the specified affidavits have been submitted and have been reviewed and accepted.  Failure 

to comply with this requirement shall be cause for rejection and removal of such materials from 

the site. 

 

The following list specifies the material requirements for coating systems.  Coating 

systems are categorized by generic name followed by an identifying abbreviation.  If an 

abbreviation has a suffix number, it is for identifying subgroups within the coating system.  

Coating Systems E-5 and E-6 shall be NSF 61 certified. 
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All of U.S. Except California 
 

Coating System CSM First Coat(s) Finish Coat(s) 

Epoxy Coatings 

E-1 PPG PMC Amerlock 2/400 Series Amerlock 2/400 Series 

Carboline Carboguard 890 Carboguard 890 

International 

Paint/ICI * 

Devran 224 HS Devran 224 

Sherwin Williams Macropoxy 646 Macropoxy 646 

Tnemec Series V69 Series V69 

E-1-G PPG PMC Amerlock 2/400 Series Amerlock 2/400 Series 

Carboline Carboguard 894 Carboguard 894 

International 

Paint/ICI * 

Devran 223/224HS Devran 224HS 

Sherwin Williams Macropoxy 646  

B67-600 

Macropoxy 646  

B67-600 

Tnemec Series V27 or V69 Series V69 

E-5 PPG PMC Amercoat 395FD Amercoat 395FD 

Carboline Carboguard 691 Carboguard 691 

International 

Paint/ICI 

Bar-Rust 233H Bar-Rust 233H 

Sherwin Williams Macropoxy 646 Macropoxy 646 

Tnemec Series V69 Series V69 

   

Epoxy Polyurethane 

  Primer Coat(s) Intermediate Coat(s)  

EU-1 PPG PMC Amercoat  Amercoat 385 Amercoat 450H 

Carboline Carbozinc 859 Carboguard 890 Carbothane 134 VOC 

International 

Paint/ICI 

Cathacoat 313 Devran 233 or 224HS Devthane 379 

Sherwin Williams Zinc Clad IV Macropoxy 646 Hi Solids Polyurethane 

Tnemec Series 90-97 Series V69 Series 1075 

Latex Acrylic 

L-1 PPG PMC Amercoat 148 Amercoat 220 

Carboline Carbocrylic 120 Carbocrylic 3359 

International 

Paint/ICI 

UH Gripper 3210 Dulux Pro 1406 
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All of U.S. Except California 
 

Coating System CSM First Coat(s) Finish Coat(s) 

Sherwin Williams Loxon Acrylic Primer Sher Cryl HPA 

Tnemec Series 1028 or 1029 Series 1028 or 1029 

S-3 Tnemec 

or approved equal 

N/A Series V626 Dur A Pell GS 

or approved equal 

*See CSM’s Product Data Sheets for acceptable thinners for VOC compliance or do not thin. 

 

2.02 PRODUCT DATA 

 

1. Prior to application of coatings, submit letter(s) from the CTR(s) identifying the 

application personnel who have satisfactorily completed training as specified in 

paragraph 09900-1.05 or a letter from the CSM stating that personnel who shall 

perform the work are approved by the CSM without need for further or additional 

training. 

 

2. Submit reports specified in paragraph 09900-1.02 C.10 and 09900-1.05 B.12 

when the work is underway. 

 

3. Submit the Coating System Inspection Checklists, using Form 09900-A, included 

in Section 01999, for the coating work. 

 

4. CTR final report in accordance with paragraph 09900-1.05 C. 

 

 

PART 3--EXECUTION 

 

3.01 COATINGS 

 

A. GENERAL: 

 

Coating products shall not be used until the Construction Manager has accepted the 

affidavits specified in paragraph 09900-1.04 and 2.01, the Construction Manager has inspected 

the materials, and the CTR has trained the Contractor and CSA in the surface preparation, 

mixing and application of each coating system. 

 

B. SHOP AND FIELD COATS:  

 

1. SHOP APPLIED PRIME COAT:  Except as otherwise specified, prime 

coats may be shop-applied or field-applied.  Shop-applied primer shall be compatible with the 

specified coating system and shall be applied at the minimum dry film thickness recommended 
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by the CSM.  Data sheets identifying the shop primer used shall be provided to the on-site 

coating application personnel.  Adhesion tests shall be performed on the shop primer as specified 

in paragraph 09900-3.01B.3.  Damaged, deteriorated and poorly applied shop coatings that do 

not meet the requirements of this Section 09900 shall be removed and the surfaces recoated.  If 

the shop primer coat meets the requirements of this Section 09900, the field coating may consist 

of touching up the shop prime coat and then applying the finish coats to achieve the specified 

film thickness and continuity. 

 

2. FIELD COATS:  Field coats shall consist of one or more prime coats and 

one or more finish coats to build up the coating to the specified dry film thickness.  Unless 

otherwise specified, finish coats shall not be applied until other work in the area is complete and 

until previous coats have been inspected. 

 

3. ADHESION CONFIRMATION:  The Contractor shall perform an 

adhesion test after proper cure in accordance with ASTM D3359 to demonstrate that (1) the shop 

applied prime coat adheres to the substrate, and (2) the specified field coatings adhere to the shop 

coat.  Test results showing an adhesion rating of 5A on immersed surfaces and 4A or better on 

other surfaces shall be considered acceptable for coatings 5 mils or more in thickness (Method 

A).  Test results showing an adhesion rating of 5B on immersed surfaces and 4B or better on 

other surfaces shall be considered acceptable for coating thicknesses less than 5 mils.  

 

C. APPLICATION LOCATION REQUIREMENTS: 

 

1. EQUIPMENT, NONIMMERSED:  Items of equipment, or parts of 

equipment that are not immersed in service, shall be shop primed and then finish coated in the 

field after installation with the specified or acceptable color.  If the shop primer requires 

topcoating within a specified period, the equipment shall be finish coated in the shop and then 

touch-up painted after installation.  If equipment removal and reinstallation is required for the 

project, touch-up coating work shall be performed in the field following installation. 

 

 

2. EQUIPMENT, IMMERSED:  Items of equipment, or parts and surfaces of 

equipment that are immersed when in service, with the exception of pumps and valves, shall 

have surface preparation and coating work performed in the field.  Coating systems applied to 

immersed equipment shall be pinhole free. 

 

3. STEEL WATER TANKS:  The interior surfaces of steel water tanks or 

reservoirs shall have surface preparation and coating work performed in the field. 

 

D. Erect and maintain protective enclosures as stipulated per SSPC-Guide 6 Guide 

for Containing Debris Generated During Paint Removal Operations. 
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3.02 PREPARATION 

 

A. GENERAL: 

 

Surface preparations for each type of surface shall be in accordance with the specific 

requirements of each coating specification sheet (COATSPEC) and the following.  In the event 

of a conflict, the COATSPEC sheets shall take precedence. 

 

Surfaces to be coated shall be clean and dry.  Before applying coating or surface 

treatments, oil, grease, dirt, rust, loose mill scale, old weathered coatings, and other foreign 

substances shall be removed.  Oil and grease shall be removed before mechanical cleaning is 

started.  Where mechanical cleaning is accomplished by blast cleaning, the abrasive used shall be 

washed, graded and free from contaminants that might interfere with the adhesion of the 

coatings.  The air used for blast cleaning shall be sufficiently free of oil and moisture so as not to 

cause detrimental contamination of the surfaces to be coated.  

 

Where deemed necessary by the Owner’s representative, a NACE International certified 

coatings inspector, provided by the Owner, will inspect and approve surfaces to be coated before 

application of a coating.  Surface defects identified by the inspector shall be corrected by the 

Contractor at no additional cost to the Owner. 

 

Cleaning and painting shall be scheduled so that dust and spray from the cleaning process 

shall not fall on wet, newly coated surfaces.  Hardware, hardware accessories, nameplates, data 

tags, machined surfaces, sprinkler heads, electrical fixtures, and similar uncoated items which are 

in contact with coated surfaces shall be removed or masked prior to surface preparation and 

painting operations.  Following completion of coating, removed items shall be reinstalled.  

Equipment adjacent to walls shall be disconnected and moved to permit cleaning and painting of 

equipment and walls and, following painting, shall be replaced and reconnected. 

 

B. BLAST CLEANING: 

 

When abrasive blast cleaning is required to achieve the specified surface preparation the 

following requirements for blast cleaning materials and equipment shall be met: 

 

1. Used or spent blast abrasive shall not be reused on this project. 

 

2. The compressed air used for blast cleaning shall be filtered and shall 

contain no condensed water and no oil.  Moisture traps shall be cleaned at 

least once every four hours or more frequently as required to prevent 

moisture from entering the supply air to the abrasive blasting equipment. 

 

3. Oil separators shall be installed just downstream of compressor discharge 

valves and at the discharge of the blast pot discharges.  These shall be 

checked on the same frequency as the moisture traps as defined in item 2 

above. 
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4. Regulators, gauges, filters, and separators shall be in use on compressor 

air lines to blasting nozzles times during this work. 

 

5. An air dryer or desiccant filter drying unit shall be installed which dries 

the compressed air prior to blast pot connections.  This dryer shall be used 

and maintained for the duration of surface preparation work. 

 

6. The abrasive blast nozzles used shall be of the venturi or other high 

velocity type supplied with a minimum of 100 psig air pressure and 

sufficient volume to obtain the blast cleaning production rates and 

cleanliness/specified. 

 

7. The Contractor shall provide ventilation for airborne particulate 

evacuation (meeting pertinent safety standards) to optimize visibility for 

both blast cleaning and inspection of the substrate during surface 

preparation work. 

 

8. If, between final surface preparation work and coating system application, 

contamination of prepared and cleaned metallic substrates occurs, or if the 

prepared substrates' appearance darkens or changes color, recleaning by 

water blasting, reblasting and abrasive blast cleaning shall be required 

until the specified degree of cleanliness is reclaimed. 

 

9. The Contractor is responsible for dust control and for protection of 

mechanical, electrical, and other equipment adjacent to and surrounding 

the work area. 

 

C. SOLVENT CLEANING: 

 

Any solvent wash, solvent wipe, or cleaner used, including but not limited to those used 

for surface preparation in accordance with SSPC SP-1 Solvent Cleaning and shall be of the 

emulsifying type which emits no more than 340 g/l VOCs for AIM regions, 250 g/l for CARB 

regions and 100 g/l for SCAQMD regions, contains no phosphates, is biodegradable, removes no 

zinc, and is compatible with the specified primer. 

 

Clean white cloths and clean fluids shall be used in solvent cleaning. 

 

D. METALLIC SURFACES: 

 

Metallic surfaces shall be prepared in accordance with applicable portions of surface 

preparation specifications of the Society for Protective Coatings (SSPC) specified for each 

coating system.  See Coat Spec for each coating system in this Section 09900.  The profile depth 

of the surface to be coated shall be in accordance with the COATSPEC requirements in this 

Section measured by Method C of ASTM D4417.  Blast particle size shall be selected by the 
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Contractor to produce the specified surface profile.  The solvent in solvent cleaning operations 

shall be as recommended by the CSM. 

 

Preparation of metallic surfaces shall be based upon comparison with SSPC-VIS1-89 

(ASTM D2200), and as described in the Coat Spec for each coating system.  If dry abrasive blast 

cleaning is selected and to facilitate inspection, the Contractor shall, on the first day of cleaning 

operations, abrasive blast metal panels to the standards specified.  Plates shall measure a 

minimum of 8-1/2 inches by 11 inches.  Panels meeting the requirements of the specifications 

shall be initialed by the Contractor and the Construction Manager and coated with a clear non-

yellowing finish.  One of these panels shall be prepared for each type of abrasive blasting and 

shall be used as the comparison standard throughout the project. 

 

Blast cleaning requirements for steel, ductile iron and stainless steel substrates are as 

follows: 

 

1. Steel piping shall be prepared in accordance with SSPC SP-6 (Commercial 

Blast Cleaning) and primed before installation.  Ductile iron piping 

surfaces including fittings shall be prepared in accordance with NAPF 

500-03, NAPF 500-03-04, and NAPF 500-03-05. 

 

2. Stainless steel surfaces shall be abrasive blast cleaned to leave a clean 

uniform appearance with a minimum surface profile of 1.5 to 2.5 mils that 

is uniform. 

 

3. Remove traces of grit, dust, dirt, rust scale, friable material, loose 

corrosion products or embedded abrasive from substrate by vacuum 

cleaning prior to coating application. 

 

4. Care must be taken to prevent contamination of the surface after blasting 

from worker’s fingerprints, deleterious substances on workers’ clothing, or 

from atmospheric conditions. 

 

5. Ambient environmental conditions in the enclosure must be constantly 

monitored and maintained to ensure the degree of cleanliness is held and 

no “rust back” occurs prior to coating material application. 

 

E. CONCRETE SURFACES: 

 

1. Inspection of concrete surfaces prior to surface preparation and surface 

preparation of concrete surfaces shall be performed in accordance with 

SSPC-SP13 (also called NACE 6). 

2. Prepare substrate cracks, areas requiring resurfacing and perform detail 

treatment including but not limited to, terminating edges, per CSM 

recommendations.  This shall precede surface preparation for degree of 

cleanliness and profile. 
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3. The surface profile for prepared concrete surfaces to be coated shall be 

evaluated by comparing the profile of the prepared concrete with the 

profile of graded abrasive paper, as described in ANSI B74.18 or by 

comparing the profile with the ICRI 03732 (surface profile replicas).  

Surface profile requirements shall be in accordance with the Coat Spec 

requirements and the CSM’s recommendations. 

 

4. Surface cleanliness of prepared concrete substrates shall be inspected after 

cleaning, preparation, and/or drying, but prior to making repairs or 

applying a coat in the coating system.  If concrete surfaces are repaired, 

they shall be reinspected for surface cleanliness prior to application of the 

coating system. 

 

5. Surface preparation of concrete substrates shall be accomplished using 

methods such as dry abrasive blast cleaning, high, or ultra high-pressure 

water blast cleaning in accordance with SSPC-SP-13.  The selected 

cleaning method shall produce the requirements set forth below. 

 

a. A clean substrate that is free of calcium sulfate, loose coarse or 

fine aggregate, laitance, loose hydrated cement paste, and 

otherwise deleterious substances shall be achieved.  Blast cleaning 

and other means necessary shall be used to open up air voids or 

bugholes to expose their complete perimeter.  Leaving shelled 

over, hidden air voids beneath the exposed concrete surface is not 

acceptable.  Concrete substrate must be dry prior to the application 

of filler/surface or coating system materials. 

 

 Acceptable surface preparation must produce a concrete surface 

with a minimum pH of 8.0 to be confirmed by surface pH testing.  

If after surface preparation, the surface pH remains below 8.0, 

perform additional water blasting, cleaning, or abrasive blast 

cleaning until additional pH testing indicates an acceptable pH 

level. 

 

b. Following inspection by the Contractor of the concrete surface 

preparation, thoroughly vacuum clean concrete surfaces to be 

coated to remove loose dirt, and spent abrasive (if dry blast 

cleaning is used) leaving a dust free, sound concrete substrate.  

Debris produced by blast cleaning shall be removed from the 

structures to be coated and disposed of legally off site by the 

Contractor. 

 

6. Should abrasive blast cleaning or high or ultrahigh pressure water blasting 

not remove degraded concrete, chipping or other abrading tools shall be 
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used to remove the deteriorated concrete until a sound, clean substrate is 

achieved which is free of calcium sulfate, loose coarse or fine aggregate, 

laitance, loose hydrated cement paste, and otherwise deleterious 

substances.  Concrete substrates must be dry prior to the application of 

filler/surfacers or coating system materials.  

 

7. Surface cleanliness of prepared concrete substrates shall be inspected after 

cleaning, preparation, and/or drying, but prior to application of coating 

materials.  If concrete surfaces are repaired, they shall be reinspected for 

surface cleanliness and required surface profile prior to application of the 

coating system. 

 

8. Moisture content of concrete to be coated shall be tested in accordance 

with ASTM D4263, Standard Test Method for Indicating Moisture in 

Concrete by the Plastic Sheet Method and ASTM F 1869, Standard Test 

Method for Measuring Moisture Vapor Emission Rate of Concrete 

Subfloor Using Anhydrous Calcium Chloride.  The ASTM D4263 plastic 

sheet test shall be conducted at least once for every 500 sq. ft. of surface 

area to be coated.  The presence of any moisture on plastic sheet following 

test period constitutes a non-acceptable test.  For concrete surfaces to be 

coated which are on the negative or back side of concrete walls or 

structures exposed to soils (back filled) or immersed and waterproofed in 

accordance with Section 07100, perform calcium chloride tests in 

accordance with ASTM F-1869 once for each 500 sq. ft. of surface area to 

be coated.  Comply with CSM’s written recommendations regarding 

acceptance/non-acceptance of moisture vapor emissions. 

  

F. MASONRY SURFACES: 

 

1. Prepare masonry surfaces such as Concrete Masonry Units (CMU) to 

remove chalk, loose dirt, dried mortar splatter, dust, peeling, or loose 

existing coatings, or otherwise deleterious substances to leave a clean, 

sound substrate. 

 

2. Be certain masonry surfaces are dry prior to coating application.  If 

pressure washing or low-pressure water blast cleaning is used for 

preparation, allow the masonry to dry for at least 5 days under dry weather 

conditions or when the minimum ambient temperature is 70 degrees F 

prior to coating application work. 

G. FIBERGLASS REINFORCED PLASTIC (FRP) SURFACES: 

Prepare FRP surfaces by sanding to establish uniform surface roughness and to remove 

gloss from the resin in the FRP.  Next, vacuum clean to remove loose FRP dust, dirt, and other 

materials.  Next, solvent clean using clean white rags and allow solvent to evaporate completely 

before application of coating materials. 
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H. EXISTING FACILITIES: 

 

Existing equipment and metalwork shall be coated in accordance with the appropriate 

coating system specified for new work in paragraph 3.05 COATSPEC. 

 

Modified work shall require the full coating system.  Other work shall require cleaning 

and surface preparation as recommended by the CSM followed by two finish coats of the 

appropriate system. 

 

Contractor shall demonstrate that the existing coating is compatible with field coating by 

performing the adhesion test specified in paragraph 09900 – 3.01 B.3.  Where unacceptable test 

results are obtained, the Contractor shall follow manufacturer’s written instructions as to the 

necessity of a tie coat to provide a satisfactory bond between the existing coating and the 

specified field coating.  The difference in cost between the specified coatings and that which is 

compatible with existing coatings, or work required to remove exiting coatings, will be paid for 

as extra work unless identified in the Scope of Work for the project already.” 

 

Abrasive blasting shall be used to clean wall surfaces of existing process channels and 

tanks to be coated.  Surfaces to be coated, or recoated, shall be repaired, cleaned, and finished to 

the standards as specified herein. 

 

 

3.03 APPLICATION 

 

A. WORKMANSHIP: 

 

1. Coated surfaces shall be free from runs, drips, ridges, waves, laps, and 

brush marks.  Coats shall be applied to produce an even film of uniform 

thickness completely coating corners and crevices. 

 

2. The Contractor's equipment shall be designed for application of the 

materials specified.  Compressors shall have suitable traps and filters to 

remove water and oils from the air.  A paper blotter test shall be 

performed by the Contractor when requested by the Construction Manager 

to determine if the air is sufficiently free of oil and moisture so as not to 

produce deteriorating effects on the coating system.  The amount of oil 

and moisture in spray air shall be less than the amount recommended by 

the CSM.  Spray equipment shall be equipped with mechanical agitators, 

pressure gages, and pressure regulators, and spray nozzles of the proper 

sizes. 

 

3. Each coat of coating material shall be applied evenly and sharply cut to 

line.  Care shall be exercised to avoid overspraying or spattering paint on 

surfaces not to be coated.  Glass, hardware, floors, roofs, and other 
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adjacent areas and installations shall be protected by taping, drop cloths, 

or other suitable measures. 

 

4. Coating applications method shall be conventional or airless spray, brush 

or roller, or trowel as recommended by CSM. 

 

5. Allow each coat to cure or dry thoroughly, according to CSM’s printed 

instructions, prior to recoating. 

 

6. Vary color for each successive coat for coating systems when possible. 

   

7. When coating complex steel shapes, prior to overall coating system 

application, stripe coat welds, edges of structural steel shapes, metal cut-

outs, pits in steel surfaces, or rough surfaces with the primer coat.  This 

involves applying a separate coat using brushes or rollers to ensure proper 

coverage.  Stripe coat via spray application is not permitted. 

 

B. COATING PROPERTIES, MIXING AND THINNING: 

 

Coatings, when applied, shall provide a satisfactory film and smooth even surface.  

Glossy undercoats shall be lightly sanded to provide a surface suitable for the proper application 

and adhesion of subsequent coats.  Coating materials shall be thoroughly stirred, strained, and 

kept at a uniform consistency during application.  Coatings consisting of two or more 

components shall be mixed in accordance with the CSM’s instructions.  Where necessary to suit 

the conditions of the surface, temperature, weather and method of application, the coating may 

be thinned as recommended by the CSM immediately prior to use.  The volatile organic content 

(VOC) of the coating as applied shall comply with prevailing air pollution control regulations.  

Unless otherwise specified, coatings shall not be reduced more than necessary to obtain the 

proper application characteristics.  Thinner shall be as recommended by the CSM. 

 

C. ATMOSPHERIC CONDITIONS: 

 

Coatings shall be applied only to surfaces that are dry, and only under conditions of 

evaporation rather than condensation.  Coatings systems shall not be applied during rainy, misty 

weather, or to surfaces upon which there is frost or moisture condensation.  During damp 

weather, when the temperature of the surface to be coated is within 10 degrees F of the dew 

point, forced dehumidification equipment may be used to maintain a temperature of minimum 40 

degrees F and 10 degrees F above the dew point for the surfaces to be coated, the coated surface, 

and the atmosphere in contact with the surface.  These conditions shall be maintained for a 

period of at least 8 hours or as recommended by the CSM.  Where conditions causing 

condensation are severe, dehumidification equipment, fans, and/or heaters shall be used inside 

enclosed areas to maintain the required atmospheric and surface temperature requirements for 

proper coating application and cure. 

 

D. CONCRETE SUBSTRATE TEMPERATURES AND DETAIL TREATMENT: 
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1. When the surface temperatures of the concrete substrates to be coated are 

rising or when these substrates are in direct sunlight, outgassing of air 

from the concrete may result in bubbling, pinhole formations, and/or 

blistering in the coating system.  The application of the filler/surface and 

the coating system will only be allowed during periods of falling 

temperature.  This will require that application of the filler/surface and 

coating system shall only occur during the cooler evening hours.  

Contractor shall include any cost for working outside of normal hours in 

the bid.    

 

Should bubbles, pinholes, or discontinuities form in the applied coating 

system material, they shall be repaired as recommended by the CSM.  

Should pinholes develop in the filler/surfacer material or in the first coat 

of the coating material, the pinholes shall be repaired in accordance with 

the CSM’s recommendations prior to application of the next coat of 

material.  Whenever pinholes occur, the air void behind or beneath the 

pinhole shall be opened up completely and then completely filled with the 

specified filler/surfacer material.  Next, the coated area around the pinhole 

repair shall be abraded and the coating reapplied over that area. 

 

2. Perform application detail work per CSM’s current written 

recommendations and/or drawings. 

 

E. PROTECTION OF COATED SURFACES: 

 

Items that have been coated shall not be handled, worked on, or otherwise disturbed, until 

the coating is completely dry and hard.  After delivery at the site, and upon permanent erection 

or installation, shop-coated metalwork shall be recoated or retouched with specified coating 

when it is necessary to maintain the integrity of the film. 

 

F. METHOD OF COATING APPLICATION: 

 

1. Where two or more coats are required, alternate coats shall contain 

sufficient compatible color additive to act as indicator of coverage, or the 

alternate coats shall be of contrasting colors.  Color additives shall not 

contain lead, or lead compounds, which may be destroyed or affected by 

hydrogen sulfide or other corrosive gas, and/or chromium. 

 

2. Mechanical equipment, on which the equipment manufacturer's coating is 

acceptable, shall be touch-up primed and coated with two coats of the 

specified coating system to match the color scheduled.  Electrical and 

instrumentation equipment specified in Divisions 16 and 17 shall be 

coated as specified in paragraph 09900-3.03 I. 
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3. Coatings shall not be applied to a surface until it has been prepared as 

specified.  The primer or first coat shall be applied by brush to ferrous 

surfaces that are not blast-cleaned.  Coats for blast-cleaned ferrous 

surfaces and subsequent coats for nonblast-cleaned ferrous surfaces may 

be either brush or spray applied.  After the prime coat is dry, pinholes and 

holidays shall be marked, repaired in accordance with CSM's 

recommendations and retested before succeeding coats are applied.  

Unless otherwise specified, coats for concrete and masonry shall be 

brushed, rolled, or troweled. 

 

G. FILM THICKNESS AND CONTINUITY: 

1. WFT of the first coat of the coating system and subsequent coats shall be 

verified by the Contractor, following application of each coat. 

 

2. The surface area covered per gallon of coating for various types of 

surfaces shall not exceed those recommended by the CSM.  The first coat, 

referred to as the prime coat, on metal surfaces refers to the first full paint 

coat and not to solvent wash, grease emulsifiers or other pretreatment 

applications.  Coatings shall be applied to the thickness specified, and in 

accordance with these specifications.  Unless otherwise specified, the 

average total thickness (dry) of a completed protective coating system on 

exposed metal surfaces shall be not less than 1.25 mils per coat.  The 

minimum thickness at any point shall not deviate more than 25 percent 

from the required average.  Unless otherwise specified, no less than two 

coats shall be applied. 

 

3. In testing for continuity of coating about welds, projections (such as bolts 

and nuts), and crevices, the Construction Manager shall determine the 

minimum conductivity for smooth areas of like coating where the dry-mil 

thickness has been accepted.  This conductivity shall be the minimum 

required for these rough or irregular areas.  Pinholes and holidays shall be 

recoated to the required coverage. 

 

4. The ability to obtain specified film thickness is generally compromised 

when brush or roller application methods are used and, therefore, more 

coats may need to be applied to achieve the specified dry film thickness. 

 

5. For concrete substrates, the Contractor shall apply a complete skim coat of 

the specified filler/surfacer material over the entire substrate prior to 

application of the coating system.  This material shall be applied such that 

all open air voids and bugholes in the concrete substrate are completely 

filled prior to coating application. 
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H. SPECIAL REQUIREMENTS: 

Before erection, the Contractor shall apply all but the final finish coat to interior surfaces 

of roof plates, roof rafters and supports, pipe hangers, piping in contact with hangers, and contact 

surfaces that are inaccessible after assembly.  The final coat shall be applied after erection.  

Structural friction connections and high tensile bolts and nuts shall be coated after erection.  

Areas damaged during erection shall be hand-cleaned or power-tool cleaned and recoated with 

primer coat prior to the application of subsequent coats.  Touch-up of surfaces shall be 

performed after installation.  Surfaces to be coated shall be clean and dry at the time of 

application.  Except for those to be filled with grout, the underside of equipment bases and 

supports that have not been galvanized shall be coated with at least two coats of primer specified 

for system E-2 prior to setting the equipment in place.  Provide coating system terminations at 

leading edges and transitions to other substrates in accordance with the CSM’s recommendations 

or detail drawings. 

 

I. ELECTRICAL AND INSTRUMENTATION EQUIPMENT AND 

MATERIALS: 

 

Electrical and instrumentation equipment and materials shall be coated by the equipment 

manufacturer as specified below. 

 

1. FINISH:  Electrical equipment shall be treated with zinc phosphate, 

bonderized or otherwise given a rust-preventive treatment.  Equipment 

shall be primed, coated with enamel, and baked.  Minimum dry film 

thickness shall be 3 mils. 

 

 Unless otherwise specified, instrumentation panels shall be coated with 

system E-1 for indoor mounting and system EU-1 for outdoor mounting. 

 

 Before final acceptance, the Contractor shall touch up scratches on 

equipment with identical color coating.  Finish shall be smooth, free of 

runs, and match existing finish.  Prior to touching up scratches, Contractor 

shall fill them with an appropriate filler material approved by the CSM. 

 

2. COLOR:  Exterior color of electrical equipment shall be FS 26463 

(ANSI/NSF 61) light gray.  Interior shall be painted FS 27880 white.  

Nonmetallic electrical enclosures and equipment shall be the equipment 

manufacturer's standard grey color. 

 

 Exterior color of instrumentation panels and cabinets mounted indoors 

shall be FS 26463 light gray; unless otherwise specified, exterior color for 

cabinets mounted outdoors shall be FS 27722, white.  Cabinet interiors 

shall be FS 27880, white. 
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J. SOLUBLE SALT CONTAMINATION OF METALLIC SUBSTRATES:  

 

Contractor shall test in accordance with SSPC-TU-4 metallic substrates to be coated that 

have been exposed to seawater or coastal air or to industrial fallout of particulate or other sources 

of soluble chlorides (such as wastewater exposure).  If testing indicates detrimental levels of 

soluble salts, those in excess of 25 ppm, the Contractor shall clean and prepare these surfaces to 

remove the soluble salts.   

3.04 CLEANUP 

 

Upon completion of coating, the Contractor shall remove surplus materials, protective 

coverings, and accumulated rubbish, and thoroughly clean surfaces and repair overspray or other 

coating-related damage. 

 

3.05 COATING SYSTEM SPECIFICATION SHEETS (COATSPEC) 

 

Coating systems for different types of surfaces and general service conditions for which 

these systems are normally applied are specified on the following COATSPEC sheets.  Surfaces 

shall be coated in accordance with the COATSPEC to the system thickness specified.  Coating 

systems shall be as specified in paragraph 09900-3.06, Coating System Schedule.  In case of 

conflict between the schedule and the COATSPECS, the requirements of the schedule shall 

prevail. 

Coating Specification Sheets included in Table 09900A are included this paragraph 

09900-3.05.
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Table 09900A Coating Specification Sheets 

 
Coating 

System ID 

Coating 

Material 
Surface Service Condition 

E-1 Epoxy Metal Interior; exterior, covered, not exposed to 

direct sunlight, non-corrosive exposure. 

E-1-G Epoxy Galvanized Steel Interior; exterior, covered non-corrosive 

exposure.  Do not use in immersion service. 

E-5 (NSF 61 

certified) 

Epoxy Metal Interior potable water tanks and reservoirs and 

other metal components in contact with water 

being treated and stored for potable use. 

L-1 Latex Concrete, masonry, 

plaster, gypsum board 

Interior and Exterior including existing 

exterior coated concrete. 

EU-1 Zinc-epoxy-

polyurethane system 

Ferrous Metal Exterior, exposed to direct sunlight, 

moderately corrosive non-immersed. 

S-2 Silane/Siloxane or 

Blended Sealer 

Concrete Floors Wet, non-immersed, non-corrosive.  Interior 

or exterior for waterproofing. 

S-3 RTV Silicone Rubber 

Based Sealer 

Concrete or Masonry 

Walls 

Exterior or Interior – Weathering Exposure, 

Non-Corrosive. 
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3.05 COATING SYSTEM SPECIFICATION SHEETS (COATSPEC) 

 

Coating System Identification: E-1 

 

Coating Material: Epoxy 

 

Surface: Metal 

 

Service Condition: Interior; exterior, covered, not exposed to direct sunlight, 

non-corrosive exposure. 

 

Surface Preparation: 

 

General: Shop primed surfaces which are to be incorporated in the 

work shall be prepared in the field by cleaning surfaces in 

accordance with SSPC SP-2 (Hand Tool Cleaning).  

Damaged shop coated areas shall be cleaned in accordance 

with SSPC SP-5 (White Metal Blast Cleaning) to achieve a 

uniform surface profile of 2.0 to 2.5 mils and spot primed 

with the primer specified.  Shop epoxy primed surfaces 

shall require light abrasive and vacuum cleaning blasting 

prior to receiving finish coats. 

 

Ferrous Metal: Bare ferrous metal surfaces shall be prepared in accordance 

with SSPC SP-6 (Commercial Blast Cleaning) to achieve a 

uniform, surface profile of 2.0 to 2.5 mils. 

 

 Ferrous metal with rust bleeding shall be cleaned in 

accordance with SSPC SP-1 (Solvent Cleaning).  Areas of 

rust penetration shall be spot blasted to SSPC SP-10 (Near 

White Blast) (to achieve the 2.0- to 2.5-mil surface profile) 

and spot primed with the specified primer.  For ductile iron 

surfaces, refer to the requirements in paragraph 09900-3.02 

D.  

 

Nonferrous and 

Galvanized Metal: Nonferrous and galvanized metal shall be prepared in 

accordance with SSPC SP-7 (Brush-off Blast Cleaning) to 

achieve uniform, minimum surface profile 1.0 to 1.5 mils. 
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3.05 COATING SYSTEM SPECIFICATION SHEETS (COATSPEC) 

 

Coating System Identification: E-1 (continued) 

 

Application: Field 

 

General: Prime coat may be thinned and applied as recommended by 

the CSM, provided the coating as applied complies with 

prevailing air pollution control regulations. 

 

Ferrous Metal: Prime coats shall be an epoxy primer compatible with the 

specified finish coats and applied in accordance with the 

written instructions of the CSM. 

 

Nonferrous and 

Galvanized Metal: Nonferrous and galvanized metal shall be cleaned prior to 

the application of the prime coat in accordance with SSPC 

SP-1 (Solvent Cleaning). 

 

System Thickness: 10 mils dry film. 

 

Coatings: 

 

Primer: One coat at CSM's recommended dry film thickness. 

 

Finish: One or more coats at CSM's recommended dry film 

thickness per coat to achieve the specified system 

thickness. 
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3.05 COATING SYSTEM SPECIFICATION SHEETS (COATSPEC) 

 

Coating System Identification: E-1-G 

 

Coating Material: Epoxy 

 

Surface: Galvanized Steel 

 

Service Condition: Interior; exterior, covered, non-corrosive exposure.  Do not 

use in immersion service. 

 

Surface Preparation: 

 

General: Damaged galvanized steel areas with exposed ferrous metal 

and/or rusted shall be cleaned in accordance with SSPC 

SP-5 (White Metal Blast Cleaning) or Power Tool Cleaned 

to Bare Metal in accordance with SSPC-SP-11 to achieve a 

uniform 1.0- to 1.5-milprofile and spot primed with the 

primer specified. 

   

Galvanized Metal: Nonferrous and galvanized metal shall be prepared in 

accordance with SSPC SP-7 (Brush-off Blast Cleaning) 

impart a 1- to 2-milprofile to the galvanized steel surfaces.  

Where this cannot be performed, prepare by abrading in 

accordance with SSPC-SP-3, Power Tool Cleaning to 

impart a 1.0- to 1.5-mil profile uniformly to the galvanized 

steel surfaces. 

 

Application: Field 

 

General: Prime coat may be thinned and applied as recommended by 

the CSM, provided the coating as applied complies with 

prevailing air pollution control regulations. 

 

Galvanized Metal: Nonferrous and galvanized metal shall be cleaned prior to 

the application of the prime coat in accordance with SSPC 

SP-1 (Solvent Cleaning). 

 

System Thickness: 5 to 8 mils dry film. 
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3.05 COATING SYSTEM SPECIFICATION SHEETS (COATSPEC) 

 

Coating System Identification: E-1-G (continued) 

 

Coatings: 

 

Primer: One coat at CSM's recommended dry film thickness. 

 

Finish: One or more coats at CSM's recommended dry film 

thickness per coat to the specified system thickness. 

 

 If the coated galvanized steel is to be exposed to ultraviolet 

light, apply one polyurethane top coat from coating system 

EU-1 over the second coat of the two epoxy coats 

specified. 
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3.05 COATING SYSTEM SPECIFICATION SHEETS (COATSPEC) 

 

Coating System Identification: E-5 (NSF 61 certified) 

 

Coating Material: Epoxy 

 

Surface: Metal 

 

Service Condition: Interior potable water tanks and reservoirs and other metal 

components in contact with water being treated and stored 

for potable use.  Interior potable and non-potable carbon 

steel piping. 

 

Surface Preparation: 

 

Ferrous Metal: Ferrous metal surfaces shall be prepared in accordance with 

SSPC SP-5 (White Metal Blast Cleaning) to achieve a 

uniform surface profile of 2.0 to 2.5 mils. 

 

 Shop primed surfaces which are to be incorporated in the 

work shall be prepared in the field by cleaning surfaces in 

accordance with SSPC SP-2 (Hand Tool Cleaning) or 

SSPC-SP-3 (Power Tool Cleaning).  Damaged shop coating 

shall be cleaned in accordance with SSPC SP-5 (White 

Metal Blast Cleaning) and spot primed with the primer 

specified.  Cleaning shall produce a surface profile of 2.0 to 

2.5 mils.  Shop epoxy primed surfaces shall require light 

abrasive blasting or abrading prior to receiving finish coats 

if the maximum recoat limit has been exceeded for the 

primer.  This cleaning shall produce a uniform surface 

profile of 1.0 to 1.5 mils in the intact primer. 

 

Nonferrous and 

Galvanized Metal:  Nonferrous and galvanized metal shall be prepared in 

accordance with SSPC SP-7 (Brush-off Blast Cleaning) to 

achieve a 1.0- to 1.5-mil profile that is uniform. 

 

Application: Field 

 

General: Prime coat shall be thinned and applied as recommended 

by the CSM, provided the coating as applied complies with 

prevailing air pollution control regulations. 

 

Ferrous Metal: Prime coat shall be an epoxy primer compatible with the 

specified finish coats. 
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3.05 COATING SYSTEM SPECIFICATION SHEETS (COATSPEC) 

 

Coating System Identification: E-5 (NSF 61 certified) (continued) 

 

Nonferrous and 

Galvanized Metal: Nonferrous and galvanized metal above the high water 

elevation shall be cleaned prior to the application of the 

prime coat in accordance with SSPC SP-1 (Solvent 

Cleaning). 

 

System Thickness: 10 mils dry film. 

 

Coatings: 

 

Primer: One coat at the CSM's recommended dry film thickness. 

 

Finish: One or more coats at CSM's recommended dry film 

thickness per coat to the specified system thickness. 
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3.05 COATING SYSTEM SPECIFICATION SHEETS (COATSPEC) 

 

Coating System Identification: EU-1 

 

Coating Material: Zinc-Epoxy-Polyurethane System 

 

Surface: Ferrous Metal 

 

Service Condition: Exterior, exposed to direct sunlight, moderately corrosive, 

non-immersed. 

 

Surface Preparation: 

 

General: Shop primed surfaces which are to be incorporated in the 

work shall be prepared in the field by cleaning surfaces in 

accordance with SSPC SP-2 (Hand Tool Cleaning).  

Damaged shop coated areas shall be cleaned in accordance 

with SSPC SP-3 (Power Tool Cleaning) and recoated with 

the primer specified. 

 

Ferrous Metal: Bare ferrous metal surfaces shall be prepared in accordance 

with SSPC SP-6 (Commercial Blast Cleaning) 2.5 – 3.0.  

Ductile iron surfaces to be coated shall be abrasive blast 

cleaned in accordance with paragraph 09900-3.02 D. 

 

 Ferrous metal with rust bleeding shall be cleaned in 

accordance with SSPC-SP-11 (Power Tool Cleaning to 

Bare Metal).  Areas of rust penetration shall be spot blasted 

to SSPC SP-10 (Near White Blast) and spot primed with 

the specified primer. 

 

 Galvanized Metal: Damaged galvanized steel areas with exposed ferrous metal 

and/or rusted shall be cleaned in accordance with SSPC 

SP-5 (White Metal Blast Cleaning) or Power Tool Cleaned 

to Bare Metal in accordance with SSPC-SP-11 to achieve a 

uniform 1.0- to 1.5-mil profile and spot primed with the 

primer specified. 

   

 Nonferrous and galvanized metal shall be prepared in 

accordance with SSPC SP-7 (Brush-off Blast Cleaning) to 

impart a 1.0- to 2.0-mil profile to the galvanized steel 

surfaces.  Where this cannot be performed, prepare by 

abrading in accordance with SSPC-SP-3, Power Tool 

Cleaning to impart a 1.0- to 1.5-mil profile uniformly to the 

galvanized steel surfaces. 
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3.05 COATING SYSTEM SPECIFICATION SHEETS (COATSPEC) 

 

Coating System Identification: EU-1 (continued) 

 

 For EU-1 over galvanized steel, delete the zinc rich primer. 

 

Application: Field 

 

General: Prime coat may be thinned and applied as recommended by 

the CSM, provided the coating as applied complies with 

prevailing air pollution control regulations. 

 

Ferrous Metal: Prime coats shall be a zinc rich epoxy or polyurethane 

primer compatible for use with urethane finish coats and 

applied in accordance with written instructions of the CSM 

or in the case of CARB or SCAQMD applications, prime 

with specified primer that is not zinc rich.  In these cases, 

only a two-coat system is applied.  

   

System Thickness: 3 to 4 mils of zinc rich primer, one intermediate or primer 

epoxy coat at 5 to 6 mils and one finish coat of 

polyurethane at 2 to 3 mils DFT. 

 

Coatings: 

 

Primer: One coat at CSM's recommended dry film thickness. 

 

Intermediate: One coat at CSM’s recommended dry film thickness. 

 

Finish: One coat at CSM's recommended dry film thickness per 

coat to meet the specified system thickness. 
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3.05 COATING SYSTEM SPECIFICATION SHEETS (COATSPEC) 

 

Coating System Identification: L-1 

 

Coating Material: Latex 

 

Surfaces: Concrete, masonry, plaster, gypsum board. 

 

Service Condition: Interior and exterior including existing exterior coated 

concrete. 

 

Surface Preparation: 

 

Concrete: Concrete surfaces shall be allowed to age for at least 28 

days and allowed to dry to the moisture content 

recommended by the CSM.  Moisture content may be 

tested by the Construction Manager with a Delmhorst 

Instrument Company moisture detector, or equal.  Loose 

concrete and laitance shall be removed from surfaces, and 

voids and cracks shall be repaired as specified in Section 

03300. 

 

Existing Coated Concrete: Remove all loose coating down to a sound substrate or 

intact, well-adhered existing coating by scraping or other 

means.  Then, abrade all surfaces to achieve a 0.5- to 

1.5-mil uniform profile and vacuum clean to remove all 

loose dirt, paint chips, and dirt. 

 

Masonry: Masonry surfaces shall be allowed to age for at least 28 

days.  Holes or other joint defects shall be filled with 

mortar and repointed.  Loose or splattered mortar shall be 

removed by scraping and chipping.  Masonry surfaces shall 

be cleaned with clear water by washing and scrubbing to 

remove foreign and deleterious substances.  Muriatic acid 

shall not be used.  After cleaning, masonry surfaces shall be 

filled with block filler compatible with the specified 

primer. 

 

Plaster: Plaster surfaces shall be dry, clean, and free from grit, loose 

plaster, and surface irregularities.  Cracks and holes shall 

be repaired with acceptable patching materials, keyed to 

existing surfaces, and sandpapered smooth.  Surfaces shall 

be cleaned with clear water by washing and scrubbing to 

remove foreign and deleterious substances.  After cleaning, 

surfaces shall be sealed with a compatible sealer. 
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3.05 COATING SYSTEM SPECIFICATION SHEETS (COATSPEC) 

 

Coating System Identification: L-1 (continued) 

 

Gypsum Wallboard: Tape joints and spackled nail heads shall be sanded smooth 

and dusted.  Seal with PVA sealer for interior uses only. 

 

Application: Field 

 

 Sealer or filler shall dry a minimum of 48 hours prior to 

primer application. 

 

 Drying time between coats shall be as recommended by 

CSM. 

 

System Thickness: 4 mils dry film. 

 

Coatings: 

 

Primer: One coat at CSM's recommended dry film thickness. 

 

Finish: Two or more coats at CSM's recommended dry film 

thickness per coat to the specified system thickness. 
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3.05 COATING SYSTEM SPECIFICATION SHEETS (COATSPEC) 

 

Coating System Identification: S-2 

 

Coating Material: Penetrating Water Repellent (Clear and Non-Film 

Building) 

 

Surface: Concrete Floors 

 

Service Condition: Exterior and Interior. 

 

Surface Preparation: Clean surfaces of all traces of dirt, dust, efflorescence, 

mold, salt, grease, oil, asphalt, laitance, curing compounds, 

paint, coatings, and other foreign materials by brush-off 

blast, water blasting, and/or chemical cleaners or other 

preparation as approved by the CSM. 

 

Concrete Concrete surfaces shall be allowed to age for at least 28 

days and allowed to dry to the moisture content 

recommended by the CSM.  Moisture content may be 

tested by the Construction Manager with a Delmhorst 

Instrument Company moisture detector, or equal.  Loose 

concrete and laitance shall be removed from surfaces, and 

voids and cracks shall be repaired as specified in Section 

03300 

Application: 

 

General: Drying time before placing into service shall be as 

recommended by the CSM for site conditions. 

 

System Coverage: Follow CSM’s recommendations. 

 

Color Selection: Clear. 
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3.05 COATING SYSTEM SPECIFICATION SHEETS (COATSPEC) 

 

Coating System Identification: S-3 

 

Coating Material: Penetrating Water Repellent (Clear & Non-Film Building) 

 

Surface: Concrete and Masonry Walls 

 

Service Condition: Exterior and Interior – For Anti-Graffiti Applications 

 

Surface Preparation: Clean surfaces of all traces of dirt, dust, efflorescence, 

mold, salt, grease, oil, asphalt, laitance, curing compounds, 

paint, coatings, and other foreign materials by brush-off 

blast, water blasting, and/or chemical cleaners or other 

preparation as approved by the CSM. 

 

Concrete Concrete surfaces shall be allowed to age for at least 28 

days and allowed to dry to the moisture content 

recommended by the CSM.  Moisture content may be 

tested by the Construction Manager with a Delmhorst 

Instrument Company moisture detector, or equal.  Loose 

concrete and laitance shall be removed from surfaces, and 

voids and cracks shall be repaired as specified in Section 

03300 

 

Masonry: Masonry surfaces shall be allowed to age for at least 28 

days.  Holes or other joint defects shall be filled with 

mortar and repointed.  Loose or splattered mortar shall be 

removed by scraping and chipping.  Masonry surfaces shall 

be cleaned with clear water by washing and scrubbing to 

remove foreign and deleterious substances.  Muriatic acid 

shall not be used.   

 

Application: 

 

General: Drying time before placing into service shall be as 

recommended by the CSM for site conditions. 

 

System Coverage: Follow CSM’s recommendations. 

 

Color Selection: Clear. 
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3.06 COATING SYSTEMS SCHEDULE (FINISH SCHEDULE) 

 

Specific coating systems, colors, and finishes for rooms, galleries, piping, equipment, and 

other items that are coated or have other architectural finishes are specified in the following 

coating system schedule.  Unless otherwise specified in the coating system schedule, the word 

"interior" shall mean the inside of a building or structure, and the word "exterior" shall mean 

outside exposure to weather elements. 

 
Location 

Description 
Surface 

Coating System 

Identification 
Standard Color 

A.  General:   

All surfaces not 

specified by 

area or 

structure 

1. Structural Steel, Metal Decking, and Galvanized 

Acoustical Decking  

2. Galvanized Metal decking 

3. Equipment and Metal Appurtenances 

Uncoated or E-1 

 

E-1-G 

 

  a. Equipment, non immersed, unless otherwise 

specified 

  

1) Indoors E-1 FS 25051 Blue 

2) Outdoors EU-1 FS 20040 Brown 

b. Existing equipment   

1) Not damaged nor modified by work in this 

contract 

Uncoated -- 

2) Damaged, exposed, or modified by work in this 

contract 

  

a) Indoors E-1 (see paragraph 

09900-3.02) 

Match existing 

color 

b) Outdoors EU-1 without primer  

(see paragraph 

09900-3.02) 

Match existing 

color 

c. Diffusers and grilles on coated surfaces, unless 

otherwise specified 

  

1) Indoors E-1 Match 

background color 

2) Outdoors EU-1 Match 

background color 

d. Diffusers and grilles on uncoated surfaces, unless 

otherwise specified 

  

1) Indoors E-1 FS 25051 Blue 

2) Outdoors EU-1 FS 20040 Brown 

e. Electrical switchgear panels, unit substations, motor 

control centers, power transformers, distribution 

centers, and relay panels; indoors and outdoors 

See paragraph 

09900-3.03 I 

ANSI 61 Grey 

(outside) 

FS 27880 White 

(inside) 
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Location 

Description 
Surface 

Coating System 

Identification 
Standard Color 

f. Instrumentation panels, graphic indicating panels, 

indicating and transmitting field panels, unless 

otherwise specified 

  

1) Indoors See paragraph 

09900-3.03 I 

FS 26306 Grey 

(outside) 

FS 27880 White 

(inside) 

2) Outdoors See paragraph 

09900-3.03 I 

FS 27722 White 

(outside) 

FS 27880 White 

(inside) 

g. Existing electrical and instrumentation panels   

1) Not damaged by work  in this contract Uncoated -- 

2) Damaged or exposed  to outside surfaces by 

work in this contract 

  

a) Indoors E-1 (see paragraph 

09900-3.02 F) 

FS 26306 Grey 

b) Outdoors EU-1 without primer 

(see paragraph 

09900-3.02 F) 

FS 26306 Grey 

(Electrical) 

FS 27722 White 

(Instrumentation) 

3. Conduit, Piping and Ductwork   

a. Ferrous, non-ferrous and galvanized piping, and 

appurtenant hangers and supports, non-immersed, 

unless otherwise specified. 

  

1) Indoors – noncorrosive E-1 FS 25051 Blue 

2) Outdoors – noncorrosive EU-1 FS 20040 Brown 

   

   

b.    

c. Conduit, outlet and junction boxes, lighting 

transformers, lighting, communication and small 

power panels, control stations, piping, lagged 

ductwork, appurtenant hangers, clamps, and 

supports on coated surfaces, unless otherwise 

specified. 

  

1) Indoors E-1 Match 

background color 

2) Outdoors EU-1 Match 

background color 
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Location 

Description 
Surface 

Coating System 

Identification 
Standard Color 

d. Conduit, outlets and junction boxes, lighting 

transformers, lighting, communication and small 

power panels, control stations, piping, lagged 

ductwork, appurtenant hangers, clamps and 

supports on uncoated surfaces, unless otherwise 

specified 

  

1) Indoors E-1 FS 25051 Blue 

2) Outdoors EU-1 FS 20040 Brown 

e. Existing conduit, outlet and junction boxes, lighting 

transformers, lighting communication and small 

power panels, control stations, piping, lagged 

ductwork, appurtenant hangers, clamps, and 

supports 

  

1) Not damaged nor  modified by work in this 

contract 

Uncoated -- 

2) Damaged, exposed, or modified by work in this 

contract 

  

a) Indoors E-1 (see paragraph 

09900-3.02 F) 

Match existing 

color 

b) Outdoors EU-1 without primer  

(see paragraph 

09900-3.02 F) 

Match existing 

color 

4. Concrete, Grout, Masonry and Plaster   

a.   -- 

b. Outside concrete walls below grade common with 

dry area or room 

In accordance with 

Section 07100) 

-- 

c. Walls and ceilings   

1) Precast concrete or colored masonry S-3 -- 

2) Outdoors, unless otherwise specified S-3 -- 

3) Indoors, unless otherwise specified S-3  

d. Concrete equipment bases unless otherwise 

specified 

E-4 Match equipment 

color 

e. Floors unless otherwise specified 

f.    Existing coated surfaces. 

S-2 

L-1 

 

Match existing 

color. 

5. Door and Door Frames   

a. Doors unless otherwise specified   

1) Ferrous metal   

a) Indoors E-1 FS 20040 Brown 

b) Outdoors EU-1 FS 25051 Blue 
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Location 

Description 
Surface 

Coating System 

Identification 
Standard Color 

2) Aluminum Uncoated -- 

3) Other Plastic laminate Formica 947 

Brown 

4) Existing   

a) Not damaged by work in this contract Uncoated -- 

b) Damaged, exposed, or modified by work in 

this contract 

  

(1) Indoors E-1 (see paragraph 

09900-3.02 F) 

Match existing 

color 

(2) Outdoors EU-1 (see paragraph 

09900-3.02 F) 

Match existing 

color 

b. Door frames unless otherwise specified   

1) Adjacent wall coated   

a) Indoors E-1 Match wall color 

b) Outdoors EU-1 Match wall color 

2) Adjacent wall uncoated   

a) Indoors E-1 FS 20040 Brown 

b) Outdoors EU-1 FS 25051 Blue 

3) Aluminum Uncoated -- 

4) Existing   

a) Not damaged by work in this contract Uncoated -- 

b) Damaged, exposed , or modified by work in 

this contract 

  

(1) Indoors E-1 (see paragraph 

09900-3.02 F) 

Match existing 

color 

(2) Outdoors EU-1 without primer  

(see paragraph 

09900-3.02 F) 

Match existing 

color 

6. Handrails, Gratings, Floor Plates, Manhole Covers, and 

Hatches 

  

a. Unless otherwise specified Uncoated  

b. Existing   

1)  Not damaged by work in this contract Uncoated -- 

2) Damaged, exposed, or modified by work in this 

contract 

  

a) Indoors E-1 (see paragraph 

09900-3.02 F) 

Match existing 

color 
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Location 

Description 
Surface 

Coating System 

Identification 
Standard Color 

b) Outdoors EU-1 without primer  

(see paragraph 

09900-3.02 F) 

Match existing 

color 

7. Metal Stairs, Ladders, Platforms, and Supports Except 

Tread and Grating 

  

a. Indoors E-1 FS 25051 Blue 

b. Outdoors EU-1 FS 20040 Brown 

c. Existing   

1) Not damaged nor modified by work in this 

contract 

Uncoated -- 

2) Damaged, exposed, or modified by work in this 

contract 

  

a) Indoors E-1 (see paragraph 

09900-3.02 F) 

Match existing 

color 

b) Outdoors EU-1 without primer 

(see paragraph 

09900-3.02 F) 

Match existing 

color 

8. Aluminum Flashing, Light Standards, Supports, and 

Louvers 

  

Indoors and outdoors, unless otherwise specified Uncoated -- 

9. Precast Concrete Metalwork   

Fasteners, anchors, supports, etc. EU-1 Match wall 

10. Other   

a. Fire hydrants EU-1 FS 21302 Red 

b. Flap gates EA-1 Beige 

c. Aluminum slide gates Uncoated -- 

d. Sluice gates   

1) Gate -- -- 

2) Stem, except potable G -- 

3) Operator   

a) Indoors E-2 FS 25051 Blue 

b) Outdoors EU-1 FS 20040 Brown 

e. Tanks   

1) Filtration and GAC  Vessals   

a) Inside of tank E-5 See Note 1 

b) Outside of tank EU-1 FS 25051 Blue 

2) Potable steel water storage tanks   
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Location 

Description 
Surface 

Coating System 

Identification 
Standard Color 

a) Inside of tank E-5 See Note 1 

b) Outside of tank EU-1 FS 25051 Blue 

3) Fiberglass tank Uncoated -- 

f.  Uncoated -- 

g. Buried, sleeve-type and flanged pipe, couplings, 

valves, mechanical and electrical penetrations 

M-1 or M-2 Manufacturer’s 

color 

K.  

Administrat

ion Building 

 

1. Outdoors   

a. Equipment on roof EU-1 FS 25051 Blue 

b. Walls Uncoated -- 

2. Room 5401 Lobby   

a. Floor Epoxy terrazzo National Mosaic 

Assoc. Std S109 

b. Base Epoxy terrazzo NMAS  S109 

c. Plaster walls L-1 FS 23617 Beige 

d. Steel deck ceiling L-3 FS 23617 Beige 

e. Steel roof trusses L-3 FS 23617 Beige 

f. Doors L-3 FS 20040 Brown 

g. Door frames L-3 FS 23617 Beige 

3. Room 5402 Clerical Area   

a. Floor Epoxy terrazzo NMAS  S109 

b. Base Epoxy terrazzo NMAS  S109 

c. Plaster walls L-1 FS 23617 Beige 

d. Steel deck ceiling L-3 FS 23617 Beige 

e. Steel roof trusses L-3 FS 23617 Beige 

f. Doors L-3 FS 20040 Brown 

g. Door frames L-3 FS 23617 Beige 

h. Filing cabinets Shop coated Steelcase Tan 

Notes: 

1. Owner will select color from coating manufacturer’s list of EPA approved colors for potable water. 

 

 

3.07 INSPECTION AND TESTING BY OWNER  

 

A. Inspection by the Owner or others does not limit the Contractor’s or CSA’s 

responsibilities for quality workmanship or quality control as specified or as 

required by the CSM’s instructions.  Inspection by the Owner is in addition to any 

inspection required to be performed by the Contractor. 



 

Coating Systems 

09900-50 

Dilkon Pass Booster 

Contract Issue 

 

B. The Owner may perform, or contract with an inspection agency to perform, 

quality control inspection and testing of the coating work covered by this Section 

09900.  These inspections may include the following: 

 

1. Inspect materials upon receipt to ensure that are supplied by the CSM. 

 

2. Inspect to verify that specified storage conditions for the coating system 

materials, solvents and abrasives are provided. 

 

3. Inspect and record findings for the degree of cleanliness of substrates. 

 

4. Inspect and record the pH of concrete and metal substrates.   

 

5. Inspect and record substrate profile (anchor pattern).  

 

6. Measure and record ambient air and substrate temperature.  

 

7. Measure and record relative humidity. 

 

8. Check for the presence of substrate moisture in the concrete. 

 

9. Inspect to verify that correct mixing of coating system materials is 

performed in accordance with CSM’s instructions. 

 

10. Inspect, confirm, and record that the "pot life" of coating system materials 

is not exceeded during installation.  Inspect to verify that recoat limitations 

for coating materials are not exceeded. 

 

11. Perform adhesion testing. 

 

12. Measure and record the thickness of the coating system.   

  

13. Inspect to verify proper curing of the coating system in accordance with 

the CSM's instructions. 

 

14. Perform holiday or continuity testing for coatings that will be immersed or 

coatings that will be exposed to aggressively corrosive conditions. 

 

3.08 FINAL INSPECTION 

 

A. Contractor shall conduct a final inspection to determine whether coating system 

work meets the requirements of the specifications.   
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B. The Construction Manager will subsequently conduct a final inspection with the 

Contractor to determine the work is in conformance with requirements of the 

contract documents. 

 

C. Any rework required shall be marked.  Such areas shall be recleaned and repaired 

as specified at no additional cost to the Owner. 
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09900-A Coating System Inspection Checklist 

Project Name:  

Owner  Coating System 

Manufacturer(CSM) 

 

General Contractor (GC)  Coating System Applicator(CSA)  

Area or Structure  Location within Structure  

Coating System (e.g. E-1)  Coating Type (e.g. Epoxy, etc.)  

 

Step Description  Name Signature Date 

1 Completion of cleaning and 

substrate decontamination prior 

to abrasive blast cleaning. 

GC QC    

CSM QC    

CSA QC    

      

2 Installation of protective 

enclosure of structure or area and 

protection of adjacent surfaces or 

structures that are not to be 

coated. 

GC QC    

CSM QC    

CSA QC    

      

3 Completion of ambient condition 

control in structure or building 

area and acceptance of 

ventilation methods in structure 

or Area. 

GC QC    

CSM QC    

CSA QC    

      

4 Completion of Surface 

Preparation for Substrates to Be 

Coated. 

GC QC    

CSM QC    

CSA QC    

      

5 Completion of Primer 

Application. 

GC QC    

CSM QC    
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Step Description  Name Signature Date 

CSA QC    

      

6 Completion of Concrete Repairs 

If Required and Related Surface 

Preparation Rework Prior to 

Coating System Application. 

GC QC    

CSM QC    

CSA QC    

      

7 Completion of Concrete Filler/ 

Surface Application to Concrete. 

GC QC    

CSM QC    

CSA QC    

      

8 Completion of First Finish Coat 

Application and of Detail 

Treatment at Transitions or 

Terminations. 

GC QC    

CSM QC    

CSA QC    

      

9 Completion of Second Finish 

Coat Application and of Detail 

Treatment at Transitions and 

Terminations. 

GC QC    

CSM QC    

CSA QC    

      

10 Completion of Full and Proper 

Cure of Coating System. 

GC QC    

CSM QC    

CSA QC    

      

11 Completion of Testing of Cured 

Coating System including 

Adhesion, Holiday (Continuity) 

Testing and Dry Film Thickness. 

GC QC    

CSM QC    

CSA QC    

      

12 Completion of Localized Repairs GC QC    
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Step Description  Name Signature Date 

to Coating System Following 

Testing. 

CSM QC    

CSA QC    

      

13 Final Acceptance of Coating 

System Installation Including 

Final Clean-Up Complying with 

Specification Requirements and 

the CSM's Quality Requirements. 

GC QC    

CSM QC    

CSA QC    

 

 

 

**END OF SECTION ** 
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SECTION 10441 

 

WARNING SIGNS 

 

 

PART 1--GENERAL 

 

1.01 DESCRIPTION 

 

 This section specifies informational and accident prevention signs. 

 

1.02 OPERATING AND DESIGN REQUIREMENTS 

 

 A. GENERAL: 

 

 Accident prevention signs shall conform as to design with OSHA Section 1910.145 of 

Subpart J, Part 1910, Chapter XVII, Title 29 of the Code of Federal Regulations.  Exit signs shall 

conform with Section 1910.37(g) of the OSHA Safety and Health Standard for General Industry, 

Article 10, Section 10.113 of the Uniform Fire Code, and where applicable with local fire 

regulations. 

 

 In addition to the signs identified on the schedule in Part 3 of this section, the following shall 

be provided: 

 

  1. "Caution Automatic Equipment May Start At Any Time" signs shall be 

provided in accordance with paragraph 11000-2.07. 

 

 B. DESIGN REQUIREMENTS: 

 

  1. SIZE:  Sign size shall be as follows: 

 

   A - 14 inch x 20 inch 

   B - 10 inch x 14 inch 

   C -  7 inch x 10 inch 

 

  2. TYPE:  The sign type shall be as follows: 

 

Type Message 

I CAUTION--AUTOMATIC EQUIPMENT MAY START AT ANY TIME 

II DANGER--480 VOLTS 

III DANGER--CHLORINE 

VI CAUTION--WAIT 5 MINUTES AFTER FAN HAS BEEN SWITCHED 

ON BEFORE ENTERING BUILDING 
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VII DANGER--240 VOLTS 

VIII 

X 

DANGER--HIGH VOLTAGE 

DANGER--CONFINED SPACE--HAZARDOUS ATMOSPHERE 

XIII RESTRICTED AREA--AUTHORIZED PERSONNEL ONLY 

XVI LOCK OUT SWITCH BEFORE WORKING ON EQUIPMENT 

 

1.03 SUBMITTALS 

 

The following information shall be provided in accordance with Section 01300: 

 

1. Sign manufacturer's product data and cut sheets showing sign materials, 

sizes, dimensions, fonts, colors, and any other applicable data. 

 

PART 2--PRODUCTS 

 

2.01 GENERAL 

 

 Sign lettering shall be single stroke and shall contrast in color with the background.  For 

those messages for which there are international symbols, the international symbols shall be used.  

Chain mounted signs shall have lettering on both sides. 

 

2.02 MATERIALS 

 

 Signs shall be 0.100-inch thick fiberglass with embedded fadeproof legends. 

 

 

PART 3--EXECUTION 

 

 Signs shall be distributed as follows: 

 

Location Number Size Message Mount 

Pump Station — interior     

      Pump Room 4 C I Wall 

      Pumps 1 each B XVI Wall or Post 

Pump Station — exterior     

      Pump Room 1 C VIII Door 

      Chlorine Room 1 C III Door 

      Gate 1 C VIII Fence 

      Gate 1 C XIII Fence 
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Location Number Size Message Mount 

All 240-volt electrical equipment 1 each C VII Equipment Door  

All 480-volt electrical equipment:  SES, 

Switchboard, Motor Starter, VFD, 

Panelboard, etc. 

1 each C II Equipment Door  

Pipeline Vaults     

      Access Hatches and Manhole Entries 2 C X Underside of Hatch or 

Wall near Ladder 

 

 

**END OF SECTION** 
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SECTION 10520 

FIRE PROTECTION SPECIALTIES 

PART 1 GENERAL  

1.1  SUMMARY 

A. Furnish and install fire protection specialties where shown on the drawings and as 

specified herein.  

1.2 QUALITY ASSURANCE  

A. Portable Fire Extinguishers:  National Fire Protection Association - NFPA 10. 

B. Provide new portable fire extinguishers which are UL-listed and bear UL "Listing 

Mark" for type, rating and classification of extinguisher indicated.  Provide extinguisher 

with UL-listed and FM rated pressure indicating gauge. 

1.3 SUBMITTALS 

A. Submit manufacturer's product data highlighting all information to show compliance 

with this specification.  Include schedule indicating type, size and location of fire 

protection specialties. 

1.4 PRODUCT HANDLING  

A. Use all means necessary to protect materials of this section before, during, and after 

installation and to protect installed work and materials of all other trades. 

 

PART 2 PRODUCTS  

2.1 MANUFACTURERS 

A. J.L. Industries, General Triplex, Larsen's Manufacturing Company or equal. 

2.2 FIRE EXTINGUISHERS  

A. Wall mounted with bracket  
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1. Provide Mark Bracket, MB 846 wall bracket as manufactured by J.L. Industries or 

equal.  

2. Provide one multi-purpose fire extinguisher, 10-pound capacity, 4A-80BC, Class 

ABC dry chemical type. 

 

PART 3 EXECUTION 

3.1 INSPECTION  

A. Examine substrates to which construction attaches or abuts, with Installer present, for 

compliance with requirements for installation tolerances and other conditions affecting 

performance of construction of the work of this section.   

B. Report conditions contrary to contract requirements that would prevent a proper 

installation.  Do not proceed with the installation until unsatisfactory conditions have 

been corrected. 

C. Failure to call attention to defects or imperfections will be construed as acceptance and 

approval of substrate conditions.  Installation indicates acceptance of substrates with 

regard to conditions existing at the time of installation and full responsibility for 

completed work. 

D. Correct conditions detrimental to the proper and timely completion of the work. 

3.2 INSTALLATION  

A. Install the work of this section in strict accordance with the manufacturer's 

recommendations as approved by the Owner. 

B. Anchor all components firmly into position for long life under hard use.   

C. Installation to be in operating condition in perfect adjustment. 

 

PART 4 QUANTITY 

A. Provide and install (2) fire extinguishers. Install in locations as noted on plans as unless 

directed otherwise by the local Authority Having Jurisdiction. 

 
**END OF SECTION** 
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SECTION 11000 

 

GENERAL REQUIREMENTS FOR EQUIPMENT 

 

 

PART 1--GENERAL 

 

1.01 DESCRIPTION 

 

 A. SCOPE: 

 

 This section specifies general requirements which are applicable to all mechanical 

equipment.  The CONTRACTOR is responsible for ensuring that all mechanical equipment meets 

the requirements of this section in addition to the specific requirements of each individual 

equipment specification section. 

 

 B. EQUIPMENT LISTS: 

 

 Equipment lists, presented in these specifications and as specified on the drawings, are 

included for the convenience of the CONSTRUCTION MANAGER and CONTRACTOR and are 

not complete listings of all equipment, devices and material required to be provided under this 

contract.  The CONTRACTOR shall prepare his own material and equipment takeoff lists as 

necessary to meet the requirements of this project manual. 

 

1.02 QUALITY ASSURANCE 

 

 A. ARRANGEMENT: 

 

 The arrangement of equipment shown on the drawings is based upon information available 

to the OWNER at the time of design and is not intended to show exact dimensions conforming to a 

specific manufacturer.  The drawings are, in part, diagrammatic, and some features of the illustrated 

equipment installation may require revision to meet actual submitted equipment installation 

requirements; these may vary significantly from manufacturer to manufacturer. The contractor shall, 

in determining the cost of installation, include these differences as part of his bid proposal.  

Structural supports, foundations, connected piping, valves, and electrical conduit specified may 

have to be altered to accommodate the equipment actually provided.  No additional payment shall 

be made for such revisions and alterations.  

 

 B. REFERENCES: 

 

 This section contains references to the documents listed below.  They are a part of this 

section as specified and modified.  Where a referenced document cites other standards, such 

standards are included as references under this section as if referenced directly.  In the event of 

conflict between the requirements of this section and those of the listed documents, the requirements 

of this section shall prevail. 
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 Unless otherwise specified, references to documents shall mean the documents in effect 

at the time of Advertisement for Bids or Invitation to Bid (or on the effective date of the 

Agreement if there were no Bids).  If referenced documents have been discontinued by the 

issuing organization, references to those documents shall mean the replacement documents 

issued or otherwise identified by that organization or, if there are no replacement documents, the 

last version of the document before it was discontinued.  Where document dates are given in the 

following listing, references to those documents shall mean the specific document version 

associated with that date, regardless of whether the document has been superseded by a version 

with a later date, has been discontinued or has been replaced. 

 

Reference Title 

ABMA Std 9 Load Ratings and Fatigue Life for Ball Bearings 

ABMA Std 11 Load Ratings and Fatigue Life for Roller Bearings 

ANSI B1.1 Unified Inch Screw Threads (UN and UNR Thread Form) 

ANSI B1.20.1 Pipe Threads, General Purpose (Inch) 

ANSI B16.1 Gray Iron Pipe Flanges and Flanged Fittings, (Classes 25, 

125, and 250) 

ANSI B18.2.1 Square and Hex Bolts and Screws (Inch Series) 

ANSI B18.2.2 Square and Hex Nuts (Inch Series) 

ANSI S2.19 Mechanical Vibration – Balance Quality Requirements of 

Rigid Rotors, Part 1: Determination of Permissible 

Unbalance, Including Marine Applications 

 

C. UNIT RESPONSIBILITY: 

 

 The CONTRACTOR shall cause equipment assemblies made up of two or more 

components to be provided as a working unit by the unit responsibility manufacturer, where 

specified.  The unit responsibility manufacturer shall coordinate selection, coordinate design, and 

shall provide all mechanical equipment assembly components such that all equipment components 

furnished under the specification for the equipment assembly, and all equipment components 

specified elsewhere but referenced in the equipment assembly specification, is compatible and 

operates reliably and properly to achieve the specified performance requirements.  Unless otherwise 

specified, the unit responsibility manufacturer shall be the manufacturer of the driven component 

equipment in the equipment assembly.  The unit responsibility manufacturer is designated in the 

individual equipment specifications found elsewhere in this project manual.  Agents, representatives 

or other entities that are not a direct division of the driven equipment manufacturing corporation 

shall not be accepted as a substitute for the driven equipment manufacturer in meeting this 

requirement.  The requirement for unit responsibility shall in no way relieve the CONTRACTOR of 

his responsibility to the OWNER for performance of all systems. 
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 The CONTRACTOR shall ensure that all equipment assemblies provided for the project are 

products for which unit responsibility has been accepted by the unit responsibility manufacturer(s), 

where specified. Unit responsibility for related components in a mechanical equipment assembly 

does not require or obligate the unit responsibility manufacturer to warranty the workmanship or 

quality of component products not manufactured by them.  Where an individual specification 

requires the CONTRACTOR to furnish a certificate from a unit responsibility manufacturer, such 

certificate shall conform to the content, form and style of Form 11000-C specified in Section 01999, 

shall be signed by an officer of the unit responsibility manufacturer's corporation and shall be 

notarized.  No other submittal material will be processed until a Certificate of Unit Responsibility 

has been received and has been found to be satisfactory.  Failure to provide acceptable proof that the 

unit responsibility requirement has been satisfied will result in withholding approval of progress 

payments for the subject equipment even though the equipment may have been installed in the work. 

 

 D. BALANCE: 

 

 Unless specified otherwise, for all machines 10 HP and greater, all rotating elements in 

motors, pumps, blowers and centrifugal compressors shall be fully assembled, including coupling 

hubs, before being statically and dynamically balanced.  All rotating elements shall be balanced to 

the following criteria: 

 

N

GW
U per

015.6=  

 

Where: 

 

 Uper   =  permissible imbalance, ounce-inches, maximum 

 

 G = Balance quality grade, millimeters per second 

 

 W   =  Weight of the balanced assembly, pounds mass 

 

 N   =   Maximum operational speed, rpm 

 

 Where specified, balancing reports, demonstrating compliance with this requirement, shall 

be submitted as product data.  Equipment balance quality grade shall be G 2.5 (G = 2.5 mm/sec) or 

better in accordance with ANSI S2.19. 

 

 

PART 2--PRODUCTS 

 

2.01 FLANGES AND PIPE THREADS 

 

 Flanges on equipment and appurtenances provided under this section shall conform in 

dimensions and drilling to ANSI B16.1, Class 125.  Pipe threads shall conform in dimension and 

limits of size to ANSI B1.1, coarse thread series, Class 2 fit. 
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 Threaded flanges shall have a standard taper pipe thread conforming to ANSI B1.20.1.  

Unless otherwise specified, flanges shall be flat faced. 

 

 Flange assembly bolts shall be heavy pattern, hexagonal head, carbon steel machine bolts 

with heavy pattern, hot pressed, hexagonal nuts conforming to ANSI B18.2.1 and B18.2.2.  Threads 

shall be Unified Screw Threads, Standard Coarse Thread Series, Class 2A and 2B, ANSI B1.1. 

 

2.02  BEARINGS 

 

 Unless otherwise specified, equipment bearings shall be oil or grease lubricated, ball or 

roller type, designed to withstand the stresses of the service specified.  Each bearing shall be rated in 

accordance with the latest revisions of ABMA Methods of Evaluating Load Ratings of Ball and 

Roller Bearings.  Unless otherwise specified, equipment bearings shall have a minimum L-10 rating 

life of 50,000 hours.  The rating life shall be determined using the maximum equipment operating 

speed. 

 

 Grease lubricated bearings, except those specified to be factory sealed and lubricated, shall 

be fitted with easily accessible grease supply, flush, drain and relief fittings.  Extension tubes shall 

be used when necessary.  Grease supply fittings shall be standard hydraulic alemite type. 

 

 Oil lubricated bearings shall be equipped with either a pressure lubricating system or a 

separate oil reservoir type system.  Each oil lubrication system shall be of sufficient size to safely 

absorb the heat energy normally generated in the bearing under a maximum ambient temperature of 

60 degrees C and shall be equipped with a filler pipe and an external level indicator gage.  

  

 All bearings accessible to touch, and located within 7 feet measured vertically from floor or 

working level or within 15 inches measured horizontally from stairways, ramps, fixed ladders or 

other access structures, shall either incorporate bearing housings with sufficient cooling to maintain 

surface temperature at 65 degrees C or less for continuous operation at bearing rated load and a 

50 degrees C ambient temperature or shall be provided with appropriate shielding shall be provided 

that will prevent inadvertent human contact. 

 

2.03 V-BELT ASSEMBLIES 

 

 Unless otherwise specified, V-belt assemblies shall be Dodge Dyna-V belts with matching 

Dyna-V sheaves and Dodge Taper-lock bushings, Wood's Ultra V-belts with matching Ultra-V 

sheaves and Wood's Sure-Grip bushings, or equal. 

 

 Sheaves and bushings shall be statically balanced.  Additionally, sheaves and bushings 

which operate at a peripheral speed of more than 5500 feet per minute shall be dynamically 

balanced.  Sheaves shall be separately mounted on their bushings by means of three pull-up grub or 

cap tightening screws.  Bushings shall be key seated to the drive shaft. 
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 Belts shall be selected for not less than 150 percent of rated driver horsepower and, where 

two sheaves sizes are specified, shall be capable of operating with either set of sheaves.  Belts shall 

be of the antistatic type where explosion proof equipment is specified. 

 

2.04 PUMP SHAFT SEALS 

 

 A. GENERAL: 

 

 Seals for water and wastewater pump shafts shall be mechanical seals. For industrial 

wastewater service, or for fluids other than water or municipal wastewater, the recommendations of 

the seal manufacturer shall be followed for selection of appropriate seals. Unless specified 

otherwise, stuffing boxes and mechanical seals shall conform to the requirements set forth in this 

paragraph. 

 

 B. MECHANICAL SEALS: 

 

 Unless otherwise specified in the detailed pump specifications, mechanical seals shall be 

split mechanical seals requiring no field assembly, other than assembly around the shaft and 

insertion into the pump.  They shall be self-aligning, and self-centering, single seals.  They shall be 

of a nondestructive (nonfretting) type requiring no wearing sleeve for the shaft.  Shafts for pumps 

specified with mechanical seals shall be furnished with no reduction in size through the seal area (no 

shaft sleeve).  Where the detailed specifications call for cartridge instead of split seals, all other 

requirements of this paragraph apply.   

 

Metal parts shall be Type 316 or 316L stainless steel.  Springs shall be Hastelloy C, Elgiloy, 

or other Duplex SS selected for resistance to chloride attack.   Rotary faces shall be silicon carbide 

or chrome oxide.  Stationary faces shall be silicon carbide for solids bearing fluid service and 

carbon for clean water service.  Elastomers shall be ethylene propylene or fluorocarbon.  

Mechanical seals shall be suitable for operation between full vacuum (0 psia) up to 200 percent of 

the maximum specified operating pressure, but in any event not less than 200 psig.   

 

Seal chambers shall be provided with vented solids removal restriction bushings except for 

enclosed line shaft pumps where the seal barrier fluid is used for line shaft bearing lubrication.  The 

bushing shall both control the amount of flushing water flow and restrict solids and gas 

accumulation from the seal face area. 

 

Candidate seals include:  

 

1. Chesterton 442 seals provided with Chesterton/SpiralTrac solids removal 

restriction bushings Version N or D, as recommended by EnviroSeal 

engineering Products, Ltd, Nova Scotia, Canada. 

 

2. AESSEAL RDS seals with Cyclops bushing. 

 

3. John Crane 3710 seals with Type 24SL bushing. 
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 Seals on pumps for contaminated water service (sludge, grit, wastewater, scum, reclaimed 

water, etc.) shall be drilled and tapped for connection of a clean water flushing supply.   

 

Seals for all vertical pumps (whether column or volute type) shall be provided with a second 

flush connection.  Vertical pumps shall have a vent valve attached to the mechanical seal to 

eliminate air from the seal chamber prior to pump start; start-up procedures shall include venting 

instructions; and for remotely started pumps, the vent system shall be automated.   Where specified 

in the detailed specifications, permissive confirmation automatic vent systems shall be provided.  

 

 C. SHAFT PACKING – NOT USED: 

 

 Where shaft packing is specified, stuffing boxes shall be tapped to permit introduction of 

seal liquid and shall hold a minimum of five rows of packing.  Stuffing boxes shall be face attached.  

Stuffing box and shaft shall be suitable for field installation, without machining or other 

modifications, of the mechanical seal specified in paragraph 11000-2.04.B for the applicable pump 

and operating conditions. 

 

 Unless otherwise specified, lantern rings shall be bronze or Teflon, packing shall be 

die-molded packing rings of non-asbestos material suitable for the intended service and as 

recommended by the manufacturer, and glands shall be bronze, two piece split construction.  

Lantern rings shall be of two-piece construction and shall be provided with tapped holes to facilitate 

removal.  Lantern rings shall be drilled and tapped 1/4 NC-20.  The impeller end of the packing on 

all but line shaft pumps with external source water lubricated bearings shall be fitted with a 

SpiralTrac, Version P packing protection system as manufactured by EnviroSeal engineering 

Products, Ltd, Nova Scotia, Canada.  

 

The section of each shaft or impeller hub that extends through or into the stuffing box shall be 

fitted with a replaceable stainless steel sleeve with a Brinell hardness of not less than 500.  The 

sleeve shall be held to the shaft to prevent rotation and shall be gasketed to prevent leakage 

between the shaft and the sleeve.  Minimum shaft sleeve thickness shall be 3/8 inch. 

 

2.05 COUPLINGS 

 

 Unless otherwise specified in the particular equipment sections, equipment with a driver 

greater than 1/2 HP, and where the input shaft of a driven unit is directly connected to the output 

shaft of the driver, shall have its two shafts connected by a flexible coupling which can 

accommodate angular misalignment, parallel misalignment and end float, and which cushions shock 

loads and dampens torsional vibrations.  The flexible member shall consist of a tire with synthetic 

tension members bonded together in rubber.  The flexible member shall be attached to flanges by 

means of clamping rings and cap screws, and the flanges shall be attached to the stub shaft by 

means of taper lock bushings which shall give the equivalent of a shrunk-on fit.  There shall be no 

metal-to-metal contact between the driver and the driven unit.  Each coupling shall be sized and 

provided as recommended by the coupling manufacturer for the specific application, considering 

horsepower, speed of rotation, and type of service. 



 General Requirements for Equipment  

 11000-7 

Dilkon Pass Booster 

Contract Issue 

 

 Where torque or horsepower capacities of couplings of the foregoing type is exceeded, 

Thomas-Rex, Falk Steel Flex, or equal, couplings will be acceptable provided they are sized in 

accordance with the equipment manufacturer's recommendations and sizing data are submitted.  

They shall be installed in conformance to the coupling manufacturer's instructions. 

 

2.06 GUARDS 

 

 Exposed moving parts shall be provided with guards which meet all applicable OSHA 

requirements.  Guards shall be fabricated of 14-gage steel, 1/2-13-15 expanded metal screen to 

provide visual inspection of moving parts without removal of the guard.  Guards shall be galvanized 

after fabrication and shall be designed to be readily removable to facilitate maintenance of moving 

parts.  Reinforced holes shall be provided.  Lube fittings shall be extended through guards. 

 

2.07 CAUTION SIGNS 

 

 Equipment with guarded moving parts which operates automatically or by remote control 

shall be identified by signs reading "CAUTION - AUTOMATIC EQUIPMENT MAY START AT 

ANY TIME".  Signs shall be constructed of fiberglass material, minimum 1/8 inch thick, rigid, 

suitable for post mounting.  Letters shall be white on a red background.  The sign size and pattern 

shall be as shown on the drawings.  Signs shall be installed near guarded moving parts. 

 

2.08 GAGE TAPS, TEST PLUGS AND GAGES 

 

 Gage taps shall be provided on the suction and discharge sides of pumps, blowers and 

compressors.  Pressure and vacuum gages shall be provided where specified.  Gage taps, test plugs, 

and gages shall be as specified in Divisions 15 and 17, respectively. 

 

2.09 NAMEPLATES 

 

 Nameplates shall be provided on each item of equipment and shall contain the specified 

equipment name or abbreviation and equipment number.  Equipment nameplates shall be engraved 

or stamped stainless steel and fastened to the equipment in an accessible and visible location with 

stainless steel screws or drive pins. 

 

2.10 LUBRICANTS 

 

 The CONTRACTOR shall provide for each item of mechanical equipment a supply of the 

required lubricant adequate to last through the specified commissioning period.  Lubricants shall be 

of the type recommended by the equipment manufacturer and shall be products of the OWNER's 

current lubricant supplier.  The CONTRACTOR shall limit the various types of lubricants by 

consolidating them, with the equipment manufacturer's approval, into the least number of different 

types.  Not less than 90 days before the date shown in his construction schedule for starting, testing 

and adjusting equipment (Section 01660), the CONTRACTOR shall provide the OWNER with 

three copies of a list showing the required lubricants, after consolidation, for each item of 
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mechanical equipment.  The list shall show estimated quantity of lubricant needed for a full year's 

operation, assuming the equipment will be operating continuously. 

 

2.11 ANCHOR BOLTS 

 

 Anchor bolts shall be 316 stainless steel and designed for lateral forces for both pullout and 

shear in accordance with the provisions of Section 05501.  Unless otherwise stated in the individual 

equipment specifications, anchor bolt materials shall conform to the provisions of Section 05501. 

 

2.12 SPARE PARTS 

 

 Spare parts, wherever required by detailed specification sections, shall be stored in 

accordance with the provisions of this paragraph.  Spare parts shall be tagged by project equipment 

number and identified by part number, equipment manufacturer, and subassembly component 

(if appropriate).  Spare parts subject to deterioration, such as ferrous metal items and electrical 

components, shall be properly protected by lubricants or desiccants and encapsulated in 

hermetically sealed plastic wrapping.  Spare parts with individual weights less than 50 pounds and 

dimensions less than 2 feet wide, or 18 inches high, or 3 feet in length shall be stored in a wooden 

box with a hinged wooden cover and locking hasp.  Hinges shall be strap type.  The box shall be 

painted and identified with stenciled lettering stating the name of the equipment, equipment 

numbers, and the words "spare parts."  A neatly typed inventory of spare parts shall be taped to the 

underside of the cover. 

 

 

PART 3--EXECUTION 

 

 Installation of equipment accessories included in this section shall be as recommended by 

the equipment manufacturer unless otherwise specified in the individual equipment specification 

section. 

 

 

**END OF SECTION** 



 

Rigid Equipment Mounts 

11002-1 

Dilkon Pass Booster 

Contract Issue 

SECTION 11002 

 

RIGID EQUIPMENT MOUNTS 

 

 

PART 1--GENERAL 

 

1.01 DESCRIPTION 

 

 A. SCOPE: 

 

1. This section specifies minimum requirements for rigid equipment mounts.  

Completed equipment mounts shall consist of equipment pads, equipment 

anchors, and mounting plates (baseplates, soleplates, or fabricated steel 

frames) set in grout.   

 

2. Equipment mounts shall conform to the requirements specified in the 

Equipment Mounting Schedule included in this specification.  Where 

equipment mounting requirements are not specifically identified in the 

Equipment Mounting Schedule, the default mounting configuration for 

equipment shall consist of Concrete Equipment Pads per details  on Sheet 

S-008 of the structural drawings, mounting plates leveled within 0.005 

inch/foot, anchored to the equipment pad with cast-in-place equipment 

anchors, equipment anchor sleeve length of 10 times the bolt diameter, 

and the mounting plate grouted in position using non-shrink grout.   

 

3. If a conflict exists between this section and requirements of individual 

equipment manufacturers, the more restrictive requirements shall prevail.   

4. Requirements for non-rigid equipment mounts (vibration isolation 

systems) are specified in individual equipment specifications.  Rigid 

equipment mounts conforming to the requirements of this Section shall be 

furnished for the equipment pad and other equipment mounting 

components supporting the vibration isolation system.   

 

5.  

 

B. DEFINITIONS: 

 

 Specific equipment mounting terminology used in this section conforms to the following 

definitions: 

 

1. Baseplate:  A mounting plate configured with a top plate and a perimeter 

edge of the mounting plate that is below the top plate.  Baseplates have a 

cavity between the top plate and a horizontal plane at the bottom edge of 

the perimeter of the mounting plate.   
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2. Soleplate:  A machined or pre-formed mounting plate with a uniform 

horizontal surface across the entire underside of the mounting plate, 

excepting shear lugs/keys, grout pour holes, vent holes, and attachment 

hardware (nuts, bolts, tapped holes, etc.).  Soleplates have a top plate but 

lack the perimeter bottom edge that extends below the underside of the top 

plate that is a defining feature of baseplates.   

 

3. Fabricated Steel Frame:  An equipment mounting plate constructed of 

rolled steel shapes and plates welded into a frame.  Fabricated steel frames 

do not have top plates.   

 

4. Equipment Pad:  Concrete foundation (block or slab) supporting and 

elevating mounting plates above the supporting structural floor slab or 

local grade.   

 

5. Mounting Pads:  Milled/machined areas of baseplates, soleplates, and 

fabricated steel frames where the feet or mounting surfaces of mounted 

equipment and drivers are bolted to the baseplate, soleplate, or fabricated 

steel frame.   

 

6. Leveling Blocks:  Steel blocks temporarily placed under baseplates, 

soleplates, or fabricated steel frames at leveling positions (at equipment 

anchors) for the purpose of leveling baseplates, soleplates, or fabricated 

steel frames prior to grouting.   

 

7. Shims:  Thin stainless steel plates of uniform thickness used for fine 

adjustment of level.  Shims are used on top of leveling blocks for 

mounting plate leveling or used between equipment drivers and 

baseplates, soleplates, or fabricated steel frames for equipment alignment.   

 

8. Wedges:  Pairs of uniformly tapered metal blocks that are stacked with the 

tapered surfaces reversed (relative to the other wedge) so that the top and 

bottom surfaces of the wedges are parallel.  Wedges are used between 

equipment pads and baseplates, soleplates, or fabricated steel frames for 

the purpose of leveling mounting plates.   

 

9. Mounting Stud:  Threaded rod or bolts anchored to baseplates, soleplates, 

or fabricated steel frames for the purpose of mounting equipment or 

ancillary devices onto baseplates, soleplates, or fabricated steel frames.   

 

10. Reinforcement Dowels or Reinforcement Hooks:  Steel reinforcement rods 

embedded in concrete, across a cold joint, for the purpose of transferring 

loads or force across the joint.   
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11. Leveling Position:  A location on the top of a concrete equipment pad 

where leveling tools and equipment will be temporarily installed or used 

for the purpose of leveling baseplates, soleplates, and fabricated steel 

frames prior to grouting.   

 

12. Grout Manufacturer:  Refers to the manufacturer of the grout product used 

for installation of rigid equipment mounts. 

 

13. Grout Manufacturer’s Technical Representative(s):  Refers to the technical 

representative(s) of the Grout Manufacturer.  The Grout Manufacturer’s 

Technical Representative shall not be an employee of the 

CONTRACTOR.   

 

1.02 QUALITY ASSURANCE 

 

A. REFERENCES: 

 

 This section contains references to the following documents.  Referenced documents are 

a part of this section as specified and modified.  In case of conflict between the requirements of 

this section and those of the listed documents, the requirements of this section shall prevail. 

 

 References to documents shall mean the documents in effect at the time of Advertisement 

for Bids or Invitation to Bid.  If referenced documents have been discontinued by the issuing 

organization, references to those documents shall mean the replacement documents issued or 

otherwise identified by that organization or, if there are no replacement documents, the last 

version of the document before it was discontinued.  Where document dates are given in the 

following listing, references to those documents shall mean the specific document version 

associated with that date, whether or not the document has been superseded by a version with a 

later date, discontinued or replaced. 

 

Reference Title 

ACI 318, Appendix D Building Code and Commentary, Anchorage to 

Concrete 

ANSI/HI 1.4 Centrifugal Pumps – Installation, Operation and 

Maintenance 

ANSI/HI 2.4 Vertical Pumps – Installation, Operation and 

Maintenance  

API RECOMMENDED 

PRACTICE 686 

Recommended Practices for Machinery Installation and 

Installation Design 

ASTM E329 Inspection and Testing Agencies for Concrete, Steel, 

and Bituminous Materials as Used in Construction 

ASTM F593 Stainless Steel Bolts, Hex Cap Screws, and Studs 
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Reference Title 

ASTM F1554 Anchor Bolts, Steel, 36, 55 and 105 ksi Yield Strength 

MIL-PRF-907E Anti-Seize Thread Compound, High Temperature 

SSPC Society for Protective Coatings Specifications, Vol. 2 

IBC 2012 International Building Code 2012 (including local 

amendments) 

 

B. QUALITY CONTROL BY CONTRACTOR: 

 

To demonstrate conformance with the specified requirements for rigid equipment 

mounts, the CONTRACTOR shall provide the services of an independent testing laboratory that 

complies with the requirements of ASTM E329.  The testing laboratory shall sample and test 

materials installed as part of rigid equipment mounts as specified in this Section.  Costs of testing 

laboratory services shall be borne by the CONTRACTOR.   

 

Where epoxy grout is specified in individual equipment specifications, the 

CONTRACTOR shall furnish the services of a grout manufacturer’s technical representative 

who has been factory trained by the grout manufacturer.  The grout manufacturer’s technical 

representative shall perform training and quality control of epoxy grout installation for rigid 

equipment mounts as specified in this section.   

 

C. SPECIAL INSPECTION FOR EQUIPMENT ANCHORS 

 

Equipment anchors shall comply with special inspection requirements specified in 

Section 05501. 

 

1.03 SUBMITTALS 

 

 The following information shall be provided in accordance with the submittal 

requirements specified in Section 01300.   

 

1. A copy of this specification section, including addendum updates, 

(referenced sections need not be included for Section 11002) with each 

paragraph check-marked to indicate specification compliance or marked to 

indicate requested deviations from specification requirements.  Check marks 

shall denote full compliance with a paragraph as a whole.  If deviations from 

the specifications are indicated, and therefore requested by the 

CONTRACTOR, each deviation shall be underlined and denoted by a 

number in the margin to the right of the identified paragraph, referenced to a 

detailed written explanation of the reasons for requesting the deviation.  The 

CONSTRUCTION MANAGER shall be the final authority for determining 

acceptability of requested deviations.  The remaining portions of the 

paragraph not underlined will signify compliance on the part of the 

CONTRACTOR with the specifications.  Failure to include a copy of the 
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marked-up specification sections, along with justification(s) for any 

requested deviations shall be sufficient cause for rejection of the entire 

submittal with no further consideration.  Copies of this specification section 

shall be numbered and marked (specification number and equipment 

number) for inclusion (filing) with submittal materials furnished for 

individual equipment specifications.   

 

2. Name, employer, and statement of qualification for mechanical contractor 

who will install rigid equipment mounts.  

 

3. Certificates or other documentation issued by the epoxy grout 

manufacturer that demonstrates that the grout manufacturer’s technical 

representative has been factory trained on installation of epoxy grout for 

equipment mounts, as specified in paragraph 11002-1.02 B. 2.   

 

4. Shop drawings for equipment pads, equipment anchors, and baseplate, 

soleplate or fabricated steel frame details.  Shop drawings shall depict size 

and location of equipment pads and reinforcement; equipment drains; 

equipment anchor, size, location, and projection; expansion joint 

locations; elevation of top of grout and grout thickness; elevation of top of 

baseplate, soleplate, or mounting block; size and location of electrical 

conduits; and any other equipment mounting features embedded in 

equipment pads.  Shop drawings for equipment pads, equipment anchors, 

and baseplate, soleplate, or fabricated steel frames shall be numbered and 

marked (specification number and equipment number) for inclusion 

(filing) with the associated equipment submittal requirements.   

 

 

PART 2—PRODUCTS 

 

2.01 GENERAL 

 

Equipment mounts shall conform to the requirements specified in the Equipment 

Mounting Schedule.   

 

Equipment and drivers shall be rigidly mounted on a common mounting plate and 

grouted into place on a concrete equipment pad unless alternate requirements are specified in the 

Contract Drawings or the Equipment Mounting Schedule in this section.  Unless otherwise 

specified in the individual equipment specification, mounting plates shall be anchored to 

equipment pads with a layer of grout between the equipment pad and the mounting plate.   

 

2.02 EQUIPMENT PADS 

 

A. MATERIALS 
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1. Equipment pads shall be reinforced concrete as shown in the structural 

drawings on Sheet S-006.   

 

2. Minimum dimensions for equipment pads are shown on structural 

drawings where the equipment pad is required to provide a minimum mass 

for vibration dampening.    

 

B. EQUIPMENT PAD DRAINAGE: 

 

1. Equipment pads shall be furnished with drains if required for equipment 

operation.   

 

2. Locate equipment pad drains at drainage outlets from equipment or 

mounting plates 

 

3. Route equipment drainage outlets or mounting plate drainage outlets to 

equipment pad drains 

 

4. Route equipment pad drains to the floor hatch drainage collection system.   

 

5. Drainage piping for equipment pads shall be routed below the finished 

floor elevation.   

 

6. Exposed drain lines mounted on the floor are not acceptable.  
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Equipment Mounting Schedule 

Equipment 

Number 

Equipment Pad 

Detail 

Mounting 

Plate 

Leveling 

Tolerance 

(inch/foot) 

Equipment Anchor 

Sleeve Length 
Grout Type Application Notes 

 Booster Pumps 
 Detail Type A / 

S-006 
0.02 

 

Per Manufacture 

Requirement 

Non – shrink   

Freestanding 

floor-mounted 

electrical panels 

and equipment 

Detail Type E / 

S-006 
0.02 Not Required 

Not 

Required 

Mounting for electrical 

equipment such as MCC, 

and PLC 
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2.03 EQUIPMENT ANCHORS: 

 

A. EQUIPMENT ANCHOR MATERIALS 

 

1. Equipment anchors shall be all thread rod with heavy hex welded nuts, 

heavy hex bolts, Post-installed anchors (wedge, sleeve, undercut, 

expansion, and adhesive anchors), or adjustable canister anchors as 

specified in the Equipment Mounting Schedule.   

 

2. Post-installed anchors (wedge, sleeve, undercut, expansion, and adhesive 

anchors) shall conform to the requirements of Section 05501.   

 

3. Adjustable canister anchors shall be cast-in-place pre-manufactured 

adjustable anchor inserts.  Adjustable canister anchors shall provide a 

minimum of 6 inches of vertical bolt height adjustment and lateral 

adjustment of the anchor bolt while maintaining the anchor bolt in a true 

vertical orientation.  Adjustable canister anchors shall be Jakebolts as 

manufactured by Unisorb, Heavy Duty Adjustable Anchors as 

manufactured by Deco, Rowan Adjustable Canister Anchor Bolt, or 

approved equal.   

 

4. Equipment anchor materials shall be 316 Stainless Steel, Condition CW 

per ASTM F593.  

 

 

B. EQUIPMENT ANCHOR DESIGN: 

 

1. The size (diameter) of anchors for clamping/fastening mounting plates to 

equipment pads shall be as specified by the equipment manufacturer.   

 

2. Equipment anchor size, embedment, and edge distance shall comply with 

the International Building Code (IBC 2015) and shall be sufficient to resist 

the maximum lateral and vertical forces specified in Section 01900.  

 

3. The CONTRACTOR shall furnish equipment anchor calculation 

submittals for all pumps, MCC, and Lighting Transformer. Equipment 

anchor calculations shall be furnished as product data and submitted with 

equipment submittals.  Equipment anchor calculations shall be sealed by a 

registered structural ENGINEER licensed in the State of Arizona.   

 

C. EQUIPMENT ANCHOR TENSION 

 

1. Unless alternate bolt torque/tension requirements are specified by the 

equipment manufacturer, equipment anchors shall be tightened to provide 
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a final clamping force that produces a tensile stress of 15,000 psi in each 

equipment anchor.  Adjustable canister anchors shall be tightened to the 

manufacturer’s maximum safe working load.  Equipment anchors 

consisting of Post-installed anchors shall be tightened to manufacturer’s 

recommendations.   

 

2. Bolt torque values required to produce the specified bolt tension based on 

well lubricated plain finish national coarse thread bolts are presented in 

the following table.  Revise bolt torque values per equipment 

manufacturer’s recommendations for alternate thread patterns, thread 

lubrication, bolt material, or bolt finish.   

 

Bolt diam. 

(in.) 
3/8 1/2 5/8 3/4 7/8 1 1-1/8 1-1/4 1-1/2 

Final bolt 

torque for 

15,000 psi 

bolt stress 

(ft*lbs) 

8 15 30 50 80 125 180 250 400 

 

3. Prior to leveling and grouting mounting plates, grouted equipment anchors 

shall be pull tested to the values specified in the following table. 

 

Anchor 

diam. (in) 
3/8 1/2 5/8 3/4 7/8 1 1-1/8 1-1/4 1-1/2 

Pull test 

load (kips) 
2.1 3.8 6.1 9.1 13 17 22 28 43 

 

D. ANCHOR SLEEVES 

 

1. Equipment anchors shall be fitted with sleeves as specified in the 

Equipment Mounting Schedule.  Sleeve length for equipment anchors 

shall be 15 times the bolt diameter unless otherwise specified in the 

Equipment Mounting Schedule.  Sleeves may be installed at the 

CONTRACTOR’S option if not specified in the Equipment Mounting 

Schedule. 

 

2. Not Used.   

 

3. Anchor sleeves shall be flexible polyurethane foam, steel cylinder/tubes, 

or ribbed plastic sleeves. 

 

4. Fill steel cylinders/tubes and ribbed plastic sleeves with a flexible room 

temperature vulcanizing (RTV) sealant prior to embedment/installation.     
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2.04 MOUNTING PLATES 

 

A. GENERAL: 

 

1. All baseplates, soleplates, and fabricated steel frames shall have edges of 

surfaces bearing on grout rounded to a radius of not less than 0.25 inch.   

2. Perimeter corners of baseplates, soleplates, or fabricated steel frames shall 

be rounded to a radius of not less than 2.0 inches to avoid producing stress 

risers on the grouted foundation.   

 

3. Grout pouring holes (minimum 4 inches in diameter for epoxy grout, 

minimum 2.5 inches in diameter for cementitious non-shrink grout) shall 

be provided in all baseplates and soleplates and all baseplates and 

soleplates shall have air release holes.   

 

4. Grout relief or vent holes (minimum 1 inch in diameter) shall be provided 

in all baseplates and soleplates.   

 

5. Mounting holes for equipment anchors shall be drilled through baseplates, 

soleplates, and fabricated steel frames.   

 

6. Mounting holes for equipment anchors shall be drilled.  Mounting holes 

shall not be burned out and they shall not be open slots.   

 

7. Terminations requiring connections to baseplates and soleplates shall be 

acorn nuts welded to the underside of the baseplate or soleplate or nuts 

welded to the underside of the baseplate or soleplate and plugged with 

cork, plastic plugs or grease.   

 

8. Where fasteners terminate only into the baseplate, soleplate, or fabricated 

steel frame, threaded lengths (tapped or embedded in mounting plates) 

shall be not less than the bolt diameter.   

 

9. Where baseplates, soleplates, or fabricated steel frames are leveled using 

jackscrews, jackscrew threads shall be tapped in thickened pads or 

otherwise in sufficient metal to provide ease in adjusting level.   

 

10. Mounting pads and/or mounting surfaces for baseplates, soleplates, and 

fabricated steel frames shall be milled flat after all welding and stress 

relieving and shall be coplanar within 0.0005 inch per foot in all 

directions.  Baseplates shall be pre-grouted prior to milling. 

 

11. Baseplates, soleplates, and fabricated steel frames shall provide common 

support for the equipment and driver (and flywheel, if one is specified).   
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12. Baseplates, soleplates, and fabricated steel frames for equipment with 

drivers 20 horsepower and greater shall be furnished with transverse 

alignment (horizontal) positioning jackscrews for alignment of equipment 

drivers on horizontal surfaces of baseplates.   

 

13. Alignment/positioning jackscrews shall be in perpendicular directions in a 

horizontal plane at the mounting position for each corner or foot of the 

equipment driver.  (Additional jackscrews shall be provided for transverse 

alignment of the flywheel, if flywheels are specified in the equipment 

specification.)   

 

14. Where specified in individual equipment specifications; baseplates, 

soleplates, and fabricated steel frames shall be fitted with RK Fixators as 

manufactured by Unisorb, or approved equal.   

 

a. Fixators shall be installed at mounting surfaces for drivers.   

b. Fixators shall be a three-piece wedge leveling adjustment device 

incorporating a spherical washer assembly to provide true level 

height adjustment at each mounting surface for the equipment 

driver.   

 

 B. FABRICATED STEEL FRAMES: 

 

1. Fabricated steel frames shall be plate or fabricated structural steel 

mounting plates with thickened steel mounting pads for bolting equipment 

to the mounting plate.   

 

2. Fabricated steel frames shall be rectangular in shape, excepting fabricated 

steel frames for centrifugal refrigeration machines and pumps which may 

be T- or L-shaped fabricated steel frames to accommodate the equipment 

driver and accessories.   

 

3. Fabricated steel frames for split case pumps shall include supports for 

suction and discharge elbows, if required by the specified configuration.   

4. Perimeter members shall be I-beams or C-channel with a minimum depth 

equal to 1/10 of the longest dimension of the fabricated steel frame.  Beam 

depth need not exceed 14 inches provided that the deflection and 

misalignment is kept within acceptable limits as determined by the 

manufacturer.   

 

5. Fabricated steel frames shall be furnished with mounting pads welded to 

the fabricated steel frame.   
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6. Surfaces of fabricated steel frames in contact with grout shall be 

sandblasted to white metal per SSPC SP-5.   

 

7. Apply a high-strength epoxy primer as specified in 11002-2.06 within 

8 hours of sandblasting the fabricated steel frame.   

 

C. BASEPLATES: 

 

1. Baseplates shall be welded steel, cast steel, or cast iron with thickened 

mounting pads for bolting equipment to the baseplate.   

 

2. Internal stiffeners shall be provided on all cast and fabricated baseplates 

and shall be designed to allow free flow of grout from one section of the 

baseplate to another.   

 

3. The minimum acceptable opening in cross bracing and stiffeners shall be 2 

inches high by 6 inches wide.   

 

4. All welds shall be continuous and free from skips, blowholes, laps and 

pockets.   

 

5. Baseplates shall be pre-grouted at the factory after all welding has been 

completed and prior to machining the mounting pads on the baseplate.  

Baseplates that have not been pre-grouted at the factory shall be pre-

grouted in the field by removing the equipment from the baseplate, 

inverting the baseplate, and pre-grouting as specified in this Section.   

 

6. The underside of baseplates shall be sandblasted to white metal per SSPC 

SP-5 prior to pre-grouting.   

 

7. Pre-grouting shall be completed within 8 hours of sandblasting.   

8. Pre-grouting shall fill the underside of the baseplate to the bottom edges of 

the baseplate.   

 

9. Cast iron baseplates shall be sealed to prevent surface bleeding prior to 

shipment to the project site.   

 

D. PLATE STEEL SOLEPLATES: 

 

1. Plate steel soleplates shall be not less than 1.0 inch thick for equipment 

with drivers greater than 30 horsepower.   

 

2. Plate steel soleplates shall be furnished with grout keys/lugs or stiffeners 

on the underside of the soleplate.   
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3. Excepting grout keys, grout pour holes, vent holes, and attachment 

hardware (nuts, bolts, tapped holes, etc.) the underside of plate steel 

soleplates shall be a flat uniform horizontal surface.   

 

4. The underside of plate steel soleplates shall be scribed with the words 

“THIS SIDE DOWN” using welding rod material prior to milling the 

mounting pads for equipment or mounting surfaces.   

 

5. Plate steel soleplates without grout pouring holes are acceptable provided 

that no dimension of the soleplate (width or length) exceeds 18 inches.   

 

6. Surfaces of plate steel soleplates in contact with grout shall be sandblasted 

to white metal per SSPC-SP-5 prior to shipment to the project site.   

 

7. Apply a high-strength epoxy primer as specified in 11002-2.06 within 

8 hours of sandblasting the underside of plate steel soleplates.   

 

8. Where equipment is fabricated or cast with feet or mounting surfaces that 

are not fastened to a common baseplate or soleplate, as in dry-pit bottom-

suction pumps, the equipment may be supported on individual concrete 

piers or equipment pads in lieu of mounting on a common equipment pad 

and soleplate.  In such instances, the equipment shall be supported at the 

feet or mounting surfaces on individual plate steel soleplates, which shall 

be leveled and grouted into place on the individual piers or equipment 

pads as specified in this section.  Where multiple soleplates are installed 

for an equipment installation, soleplates shall be installed coplanar within 

0.002 inch/foot.   

 

E. POLYMER CONCRETE SOLEPLATES: 

 

1. Polymer Concrete Soleplates shall be pre-cast soleplates consisting of 

polymer concrete with stainless steel inserts for equipment mounting.   

 

2. Mounting surfaces on Polymer Concrete Soleplates shall be coplanar 

within 0.002 inch/foot.  Polymer Concrete Soleplates shall be furnished 

with a uniform horizontal surface over the entire underside of the 

mounting plate.   

 

3. Excepting grout keys, grout pour holes and vent holes, the underside of 

soleplates shall provide a flat uniform horizontal surface.   

 

4. Polymer Concrete Soleplates shall be PoxyBase as manufactured by 

Basetek, Chembase as manufactured by Goulds, or approved equal.   



 

Rigid Equipment Mounts 

11002-14 

Dilkon Pass Booster 

Contract Issue 

F. CORROSION RESISTANT FRP BASEPLATES 

 

1. Corrosion Resistant FRP Baseplates shall be pre-formed fiber reinforced 

plastic fabrications.   

 

2. Corrosion Resistant FRP Baseplates shall be products of the manufacturer 

of the equipment that is mounted on the baseplate.     

 

2.05 GROUT FOR EQUIPMENT PADS 

 

 A. EPOXY GROUT FOR EQUIPMENT MOUNTING: 

 

 Where epoxy grout is specified in the Equipment Mounting Schedule, grout for setting 

bearing surfaces of baseplates, soleplates, and fabricated steel frames on equipment pads shall be 

Epoxy Grout for Equipment Mounting as specified in Section 03600.  Where the term epoxy 

grout is used in the context of details and specifications for equipment mounting it shall mean 

Epoxy Grout for Equipment Mounting as specified in Section 03600.   

 

 B. CEMENTITIOUS NONSHRINK GROUT: 

 

 Where non-shrink grout is specified in the Equipment Mounting Schedule, Cementitious 

Non-shrink Grout, specified in Section 03600, may be used for setting bearing surfaces of 

baseplates, soleplates, or fabricated steel frames.  Where the term non-shrink grout or 

cementitious grout is used in the context of details and specifications for equipment mounting it 

shall mean Cementitious Non-shrink Grout as specified in Section 03600.  Training and quality 

control by the grout manufacturer’s technical representative is not required for rigid equipment 

mounts installed with cementitious non-shrink grout.   

 

2.06 EPOXY PRIMER 

 

Epoxy primer shall be a high-strength, lead free, chrome free, and rust inhibiting two-

component epoxy primer specifically designed for use on metal substrates and in conjunction 

with epoxy grout.  The epoxy primer’s bond strength to sandblasted metal shall not be less than 

1500 psi.  Epoxy primer shall be Phillybond Phillyclad 1000 Series, or approved equal.   

 

2.07 ANTI-SEIZE/ANTI-GALLING COMPOUND 

 

 Anti-seize or anti-galling compound shall be a molybdenum disulfide and graphite 

combination in aluminum complex base grease conforming to MIL-PRF-907E.  Acceptable 

products include Jet Lube 550 by Jet Lube, Inc., E-Z Break by LA-CO, or approved equal.   

 

2.08 PRODUCT DATA  

 

 The following information shall be provided in accordance with the product data 

requirements specified in Section 01300:   
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1. Equipment anchor calculations demonstrating compliance with paragraph 

11002-2.03 B.   

 

2. Results of grout strength tests, as specified in paragraph 11002-3.03 C. 

 

3. Completed Rigid Equipment Mount Installation Inspection Checklist 

Forms (11002-A), as specified in paragraph 11002-3.02 B. 

 

4. List of CONTRACTOR’s equipment installation staff that has completed 

epoxy grout manufacturer’s grout installation training specified in 

paragraph 11002-3.02 A.   

 

 

PART 3--EXECUTION 

 

3.01 GENERAL 

 

A. GENERAL REQUIREMENTS: 

 

1. Roughen the underside of soleplates and fabricated steel frames and wipe 

with a residue-free solvent as recommended by the epoxy primer 

manufacturer before placement of the baseplate, soleplate, and fabricated 

steel frames on the equipment pad for leveling.  Roughen surfaces of 

mounting plates that will be in contact with grout by power tool 

cleaning.  Cleaning shall be performed by power wire brushing, power 

sanding, power grinding, power tool chipping or power tool descaling. 

Cleaning shall impart a minimum profile of 1.0 mil. 

 

2. Prior to placement on the equipment pad for leveling, exposed grout 

surfaces of pre-grouted baseplates shall be roughened and wiped with a 

residue-free solvent as recommended by the manufacturer of the epoxy 

grout used for pre-grouting.    

 

3. Prepare the underside of corrosion-resistant FRP baseplates and polymer 

concrete baseplates per the baseplate manufacturer’s recommendations 

prior to placement of the baseplate on the equipment pad for leveling.   

 

4. Grout for equipment mounting shall be as specified in the Equipment 

Mounting Schedule.   

5. Grouting for installation of equipment on equipment pads shall take place 

prior to connecting any field piping or electrical and instrumentation 

systems.   
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6. Unless the CONSTRUCTION MANAGER accepts an alternate 

installation procedure in writing, baseplates, soleplates, and fabricated 

steel frames shall be leveled and grouted with the equipment removed.   

 

7. Pumps shall be installed in accordance with this section and ANSI/HI 1.4 

or ANSI/HI 2.4, as appropriate for the type of pumping equipment 

installed.   

 

8. Connecting piping with flexible connections and/or expansion joints shall 

be anchored such that the intended function of these joints is maintained in 

the piping system without imposing strain on the equipment connections.   

 

B. ALTERNATE PIPING CONNECTIONS: 

 

Where an equipment manufacturer’s installation requirements include a rigid connection 

between the machine and connecting piping systems, the CONTRACTOR shall delete any 

flexible coupling (including equipment connection fittings) shown on the drawings and install 

the equipment in the following manner, in lieu of installing the flexible coupling:   

 

1. The equipment pad shall be installed as shown on the detail specified in 

the Equipment Mounting Schedule. 

 

2. The baseplate, soleplate, or fabricated steel frames supporting the 

equipment shall be installed, leveled, and grouted in place as specified in 

this section. 

 

3. The piping shall be installed and aligned to the equipment connections and 

the field piping connections without welding one of the joints for one 

section of pipe between the equipment connection and the field piping and 

all valving.  All flanged joints shall be bolted up and pressure-tested.   

 

4. All piping shall be fully supported by supports designed to accept their full 

weight and thrust forces. 

 

5. The final sections of piping shall be aligned with the equipment and field 

connections without the use of jacks, chain falls, or other devices to force 

it into alignment. 

 

6. The final piping joints shall be welded only after the previous steps have 

been completed and accepted by the CONSTRUCTION MANAGER. 
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3.02 EPOXY GROUT TRAINING AND QUALITY CONTROL 

 

 A. EPOXY GROUT TRAINING  

 

Prior to commencing rigid equipment mount installation work on equipment pads, the 

CONTRACTOR shall furnish the services of a grout manufacturer’s technical representative to 

conduct a training for the workers who will be using epoxy grout for rigid equipment mount 

installations.  The training shall be not less than 4 hours in length and shall cover all aspects of 

using the products, including form construction for each equipment installation, surface 

preparation, mixing, application, void prevention/elimination, and clean up.  This requirement, 

however, shall not be construed as relieving the CONTRACTOR of overall responsibility for this 

portion of the work.  The epoxy grout manufacturer shall furnish a list of training attendees who 

have been satisfactorily trained to perform epoxy grout installation for equipment mounting.  

 

B. EPOXY GROUT QUALITY CONTROL  

 

For equipment mounted with epoxy grout, the epoxy grout manufacturer’s technical 

representative shall provide quality control services for epoxy grout installation in rigid 

equipment mounts.  The epoxy grout manufacturer’s technical representative shall be on site to 

inspect and verify that the installation personnel have successfully performed surface 

preparation, epoxy grout application, and Quality Control Inspection in accordance with these 

specifications for a representative portion of the epoxy grout installation work. 

 

Specifically, the epoxy grout manufacturer’s technical representative shall perform the 

following services for at least one rigid equipment mount installation for each equipment type 

and size installed with epoxy grout: 

 

1. Inspect ambient conditions during various phases of epoxy grouting 

installation for conformance with the epoxy grout manufacturer’s 

requirements. 

 

2. Inspect the surface preparation of concrete substrates onto which epoxy 

grout materials are to be applied, for conformance to the specified 

application criteria, including but not limited to substrate profile, degree of 

cleanliness, and moisture.  

 

3. Inspect the surface preparation of the metallic substrates onto which the 

epoxy primer is to be applied. 

4. Inspect the epoxy-primed metallic substrate for coverage and adhesion. 

 

5. Inspect preparation and application of epoxy grout form work for 

conformance to the specifications. 

6. Inspect and record that the “pot life” of epoxy grout materials is not 

exceeded during installation. 
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7. Inspect epoxy grout for cure.  

 

8. Inspect and record that localized repairs made to grout voids conform to 

the specification requirements. 

 

9. Conduct a final review of completed epoxy grout installation for 

conformance to these specifications. 

 

10. Attest to conformance of the CONTRACTOR’s work by signing 

appropriate entries in the “Rigid Equipment Mount Inspection Checklist,” 

form 11002-A in Section 01999. 

 

3.03 INSTALLATION 

 

A. CONCRETE EQUIPMENT PAD PREPARATION: 

 

1. Roughen the top of the equipment pad after the concrete has reached its 

28-day compressive strength.   

 

2. Remove all laitance and defective or weak concrete. 

 

3. Roughened surface profile shall be 0.25inch amplitude, minimum.   

 

4. Expose broken aggregate without dislodging unbroken aggregate from the 

cement matrix and without fracturing concrete and aggregate below the 

concrete surface.   

 

5. Roughen using a light-duty (15 pounds or less), hand-held chipper with a 

chisel type tool.   

 

6. Abrasive blast, bush-hammer, jack hammers with sharp chisels, heavy 

chipping tools, or needle gun preparation of concrete surfaces to be 

grouted are not acceptable.   

 

7. Demonstrate removal of defective or weak concrete to the 

CONSTRUCTION MANAGER prior to leveling.   

 

8. The chipped surface of the concrete shall be such that the final elevation 

of the equipment pad provides the grout manufacturer’s recommended 

thickness between the surface of the equipment pad and the lower 

baseplate flange, underside of the soleplate, or underside of the fabricated 

steel frame.   

 



 

Rigid Equipment Mounts 

11002-19 

Dilkon Pass Booster 

Contract Issue 

9. All dust, dirt, chips, oil, water, and any other contaminants shall be 

removed and the surface protected with plastic sheeting until grout is 

installed.   

 

10. Concrete equipment pad surfaces that have been finished smooth and level 

for use as leveling positions shall be protected from damage during 

chipping activities.  Alternatively, leveling positions may be restored on 

chipped surfaces.  Leveling positions shall be restored by installing 

leveling blocks or leveling plates for jackscrews on a high compressive 

strength epoxy putty (Philadelphia Resins, Phillybond Blue 6A, or equal).  

Leveling blocks and leveling plates shall be installed level on the epoxy 

putty.   

 

 B. LEVELING: 

 

1. Except where union rules require installation by another trade, all 

equipment and machinery shall be mounted and leveled by a qualified 

mechanical contractor.   

 

2. Use precision surveying equipment for leveling.   

3. Machinists’ spirit levels will not be permitted for leveling purposes for 

any baseplate, soleplate, or fabricated steel frame with a plan dimension 

greater than 4 feet.   

 

4. Baseplates, soleplates, and fabricated steel frames shall be leveled to the 

tolerance specified in the Equipment Mounting Schedule or as otherwise 

required by the equipment manufacturer, if more stringent.   

 

5. An anti-seize or anti-galling compound specified in paragraph 11002-2.07 

shall be applied to all equipment anchor threads prior to beginning 

baseplate, soleplate, or fabricated steel frame leveling.   

 

6. All baseplates, soleplates, and fabricated steel frames shall be leveled 

against steel surfaces (jackscrew plates, leveling blocks, leveling nuts, 

support plates, or other steel surfaces).  Use of other materials for leveling 

purposes is strictly and specifically prohibited.   

7. Leveling equipment and tools shall be stainless steel leveling blocks and 

shims, steel wedges, or jackscrews bearing on leveling plates.   

 

8. Leveling nuts may be used for leveling baseplates, soleplates, and 

fabricated steel frames weighing less than 200 pounds (including the 

weight of the equipment if leveled with the equipment on the mounting 

plate).   
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9. Leveling blocks shall be stainless steel, 4 inches square and 1.5 inches 

thick with an open-ended slot terminating in the center for the equipment 

anchor.   

 

10. Leveling blocks shall be machined flat on all horizontal surfaces and 

placed under the baseplate or soleplate at each equipment anchor.   

 

11. Shims shall be pre-cut stainless steel, slotted for removal after grouting.  

Leveling blocks and shims shall be coated with a light oil just prior to 

beginning the leveling and grouting work.  Shims shall be placed so the 

tabs on the shims are easily accessible.   

 

12. Clamp baseplates, soleplates, or fabricated steel frames in position (after 

leveling) by installing the equipment anchor nuts and washers.   

 

13. Bolt tension to fix the position of mounting plates during grouting shall be 

30 to 60 percent of the final clamping force applied to clamp the mounting 

plate to the equipment pad.   

 

14. Prior to grouting, verify that the correct level and position of the baseplate, 

soleplate, or fabricated steel frame has been maintained after clamping it 

to the equipment pad.   

 

C. GROUTING: 

 

1. Design forms for a minimum of 6 inches hydrostatic head above the final 

elevation of the grout.   

 

2. Install grout expansion joints at 4 to 6 foot intervals, perpendicular to the 

centerline of baseplates.  Design expansion joints in accordance with the 

grout manufacturer’s written instructions.   

 

3. Coat forms with three coats of paste wax on all areas of the forms that will 

be in contact with the grout.   

 

4. Wax forms before assembly.   

 

5. Prevent accidental application of wax to surfaces where the grout is to 

bond.   

 

6. Remove any foreign material, such as oil, sand, water, wax, grease, etc., 

from concrete surfaces that will contact grout before forms are installed.   
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7. Forms shall be liquid-tight.  Seal any open spaces or cracks in forms, or at 

the joint between forms and the foundation using sealant, putty, or 

caulking compound.   

 

8. Vertical and horizontal edges of the grout shall have 45-degree chamfers 

as specified in equipment pad details.  The 45-degree perimeter chamfer 

strip shall be located at the final elevation of the grout.   

 

9. Match chamfers in concrete portions of the equipment pad.   

 

10. Install block outs at all leveling positions to allow removal of leveling 

equipment and leveling nuts to be backed off after the grout has cured.   

 

11. Coat jackscrews with a light oil or other acceptable bond-breaking 

compound prior to grouting. 

 

12. Final elevation of grout on fabricated steel frames shall be at the top of the 

lower flange of the perimeter I-beams or C-channel.   

 

13. Top of grout elevation for baseplates and soleplates shall be at least 0.125 

inch but not more than 0.5 inch above the bottom or underside of the 

perimeter edge of the baseplate or soleplate.   

14. Seal equipment anchor sleeves to protect the sleeved length of the anchor 

from contact with grout.   

 

15. Wrap exposed portions of equipment anchors with duct tape to protect 

them from grout splatter and to prevent bonding to grout.     

 

16. Adjust ambient temperature to maintain mounting plate, foundation, and 

grout temperatures to grout manufacturer’s recommended temperature.   

 

17. Mix grout for equipment mounting in accordance with the grout 

manufacturer’s written recommendations.   

 

18. Epoxy grout shall be placed in a manner that avoids air entrapment, using 

a head box to pour grout into the grout holes.   

 

19. Place grout at one end of the baseplate or soleplate and work grout toward 

the opposite end to force the air out from beneath the baseplate or 

soleplate.   

20. Pour grout through a head box into grout pouring holes.   

 

21. When the head box is moved to the next grout hole, a 6-inch standpipe 

shall be placed over the grout hole and filled with grout.   
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22. Use of vibrating tools and/or jarring (rapping or tapping) forms to 

facilitate grout flow is not permitted during placement of epoxy grout.   

 

23. Never allow the grout in the head box to fall below the top of the baseplate 

or soleplate once the grout has made contact with the baseplate or 

soleplate.   

 

24. Grout placement shall be continuous until all portions of the space beneath 

the baseplate, soleplate, or fabricated steel frame have been filled.   

 

25. Prepare subsequent batches of grout prior to depleting the preceding batch.   

 

26. Maintain grout height in standpipes after the space under the baseplate, 

soleplate, or fabricated steel frame has been filled.  

 

27. When the grout has started to take an initial set (typically this is 

determined by a noticeable increase in temperature and no flow of grout at 

the vent holes) the standpipes shall be removed and excess grout cleaned 

from all surfaces.    

 

28. Check for leaks throughout grout pours.  Leaks shall be repaired 

immediately to prevent formation of voids.   

29. Check baseplate, soleplate, or fabricated steel frame level and elevation 

before the grout sets.    

 

30. Cure grout in accordance with the grout manufacturer’s written 

instructions.   

 

31. Where specified in the individual equipment specifications, a grout sample 

shall be taken for each equipment pad.   

 

a. Samples shall be placed in a cylinder of sufficient size to yield 

three 2-inch cubes as test samples.   

b. Samples shall be tagged with project name, date, time, the 

equipment number, and ambient temperature at the time of 

placement.   

c. Place samples next to the foundation of the equipment being 

grouted and cure for 48 hours.   

d. Test grout samples in accordance with the grout manufacturer’s 

recommendations.   
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e. Grout samples shall be tested by the independent testing laboratory 

specified in paragraph 11002-1.02 B.   

f. Test results shall be reported directly to the CONSTRUCTION 

MANAGER.   

 

 D. COMPLETION: 

 

1. Upon acceptance by the CONSTRUCTION MANAGER and the 

equipment manufacturer’s representative and after the grout has reached 

sufficient strength, grout forms and block outs at leveling positions shall 

be removed.  Leveling blocks and shims or wedges and support plates 

shall be removed, and leveling nuts and jack screws shall be backed off to 

allow the grout to fully support the baseplate, mounting block, or 

soleplate.  Take care not to damage the grout during removal of extended 

shimming material or leveling equipment and tools.   

 

2. The equipment anchor nuts shall be tightened, using calibrated indicating 

torque wrenches, to develop the full bolt tension specified in 11002-

2.03 C.   

 

3. Equipment anchor nuts shall be tightened in increments of not more than 

25 percent of the final torque value in an alternating pattern to avoid stress 

concentration on the grout surface.  After tightening equipment anchor 

nuts to final values, apply additional wax, grease, or mastic to all exposed 

portions of the equipment anchor beneath the baseplate, soleplate, or 

mounting block.   

 

4. After applying additional wax or mastic to exposed portions of equipment 

anchors, block outs (pockets) for access to leveling nuts, leveling blocks 

and shims, or wedges shall be filled with the grout material installed under 

baseplates, soleplates, or fabricated steel frames and pointed after the 

equipment anchor nuts have been tightened to final values.  Jackscrews 

shall be removed and holes in the baseplate, soleplate, or fabricated steel 

frames filled with a flexible sealant (silicone rubber) or a short cap screw.   

 

5. Check for baseplate, soleplate, or fabricated steel frame movement (soft 

foot) by individually loosening and re-tightening each equipment anchor.  

Vertical movement at each equipment anchor shall be measured and 

recorded during loosening and retightening and shall not exceed 20 

micrometers (0.001 inch).  Vertical movement shall be measured using a 

magnetic-based dial indicator on the baseplate, soleplate, or fabricated 

steel frame referenced to the epoxy grout surface of the equipment pad or 

other approved method.  Soft foot conditions shall be sufficient cause for 

removal and reinstallation of grout and baseplates, soleplates, or fabricated 

steel frames.   
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6. Check for grout voids by tapping along the upper surfaces of the 

baseplate, soleplate, or mounting block.  Grout voids shall be sufficient 

cause for removal and reinstallation of grout and baseplates, soleplates, or 

fabricated steel frames.  Grout voids shall be marked.  At the discretion of 

the CONSTRUCTION MANAGER, grout voids may be repaired as 

specified in Chapter 5, Section 3.16 of API RP 686.   

 

3.04 FINAL INSPECTION 

 

The CONSTRUCTION MANAGER will conduct a final inspection with the 

CONTRACTOR for conformance to requirements of this section. 

 

 

**END OF SECTION** 
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SECTION 11020 

 

VIBRATION AND CRITICAL SPEED LIMITATIONS 

 

PART 1--GENERAL 

 

1.01   DESCRIPTION 

 

 This section specifies vibration and critical speed limitations for rotating mechanical 

equipment. Factory and/or field testing and vibration measurements shall be taken when specified in 

the individual equipment specification sections. 

 

1.02   VIBRATION LIMITATIONS 

 

 A.   GENERAL: 

 

 Vibration frequencies shall span the range from 5.0 to 5000 Hz.  Where specified, 

measurements shall be obtained while the installed equipment is operating within the specified 

speed range. 

 

 B.   CENTRIFUGAL: 

 

  1.   MACHINES WITH SLEEVE BEARINGS:  Unless otherwise specified, 

centrifugal machines with sleeve bearing shafts shall not exhibit unfiltered RMS readings for 

vibration displacement in excess of the following: 

 

Shaft speed 

range, rpm  

Displacement, peak 

to peak, mils 

Up to 900 3.5 

901-1800 3.0 

1801-3000 2.5 

3001-4500 2.0 

Above 4500 1.6 

 

 Displacement measurements shall be taken radially on the shaft at two points at each 

bearing, except for well pumps which shall be measured at top of motor.  Measuring points shall be 

90 degrees apart. 

 

  2.   MACHINES WITH ANTIFRICTION BEARINGS:  Unless otherwise 

specified, centrifugal machines with antifriction bearing shafts shall not exhibit unfiltered RMS 

readings for vibration velocity in excess of 0.12 inch per second.  Velocity measurements shall be 

taken on one point of each bearing housing. 
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 C.   POSITIVE DISPLACEMENT MACHINES: 

 

 Unless otherwise specified, positive displacement machines of the rotary, reciprocating and 

controlled volume types shall operate without any lateral or torsional vibration characteristics that 

may accelerate wear of the equipment.  The Contractor shall provide manufacturer's certification 

that the manufacturer has inspected the machine under operating conditions and found it to comply 

with the requirements of this paragraph. 

 

1.03   CRITICAL SPEED REQUIREMENTS 

 

 Unless otherwise specified, rotating mechanical equipment shall not exhibit critical speeds 

within the specified range of operating speeds.  Critical speeds for equipment with rigid rotor 

systems shall be at least 20 percent greater than maximum operating speed.  Critical speeds for 

equipment with flexible shaft-rotor systems shall be at least 15 percent below minimum operating 

speed and 20 percent above maximum operating speed. 

 

 

PART 2--PRODUCTS 

 

2.01   PRODUCT DATA 

 

 Manufacturer's certified data showing location of critical speeds in relation to operating 

speeds shall be provided as product data in accordance with Section 01300. 

 

 

**END OF SECTION** 
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SECTION 11727 

CHLORINE GAS FEED SYSTEM  

 

PART 1   GENERAL 

 

1.01 DESCRIPTION 

 

A. SCOPE: 

 

The chlorination system specified in this section shall be provided by a single 

supplier or manufacturer.  

 

Provide the provide labor, materials, tools, equipment and services required to 

furnish, install and test the chlorination system as shown on the Drawings, as specified 

herein, and as required for a complete functioning system. 

 

B. The chlorine gas feed system shall be a vacuum operated type consisting of: 

 

1. Two (2) cylinder-mount standard (with automatic switchover) vacuum 

regulators for 150 lb cylinders. (Note – Cylinders are “West Coast”)  

2. One (1) injector with ¾” inlet/outlet connections 

3. One (1) booster pumps sized appropriately for chlorine feed rates. 

4. Pressure gauges for water line to/from booster pumps and to/from 

injectors. 

5. Safety Equipment, Two (2) Self Contained Breathing Apparatuses 

(SCBAs) with 30 minute air tanks, and SCBA enclosure. 

6. One (1) dual cylinder weight scale with 4-20 mA signal output. 

7. One (1) Chlorine Gas Leak Detection system. 

8. Necessary vacuum & vent tubing, fittings, and wrenches. 

 

C. System shall have a maximum capacity of 25 pounds per day (PPD) of gaseous 

chlorine and sized to feed 10 PPD of chlorine for treatment residual application.  

 

D. System shall be manually controlled having a feed range of 20:1 and the 

capability to control within ±4% of the indicated feed rate. 
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1.02 QUALITY ASSURANCE 

 

A. REFERENCE STANDARDS: 

 

Comply with applicable provisions and recommendations of the following, except as 

otherwise shown or specified. 

 

1. Recommendations of The Chlorine Institute, Inc. 

2. Occupational Safety and Health Act 

3. Joint Industrial Council 

4. Instrumentation, Systems, and Automation Society 

5. International Building Code – 2006 

 

B. MANUFACTURER’S QUALIFICATIONS: 

 

 Equipment shall be the standard product in regular production by manufacturers of 

chlorination equipment and shall essentially duplicate equipment that has been in satisfactory 

operation in at least five (5) installations for a period of at least five (5) years.  

 

 The single supplier or manufacturer of the chlorination system will have to provide 

certain components, as noted, from other manufacturers in order to meet all the requirements of 

this Section. 

 

 

1.03 SUBMITTALS 

 

 The following information shall be provided in accordance with Section 01300. 

 

A. SHOP DRAWINGS: 

 

1. A copy of this specification section, with addendum updates included, and 

all referenced and applicable sections, with addendum updates included, 

with each paragraph check-marked to indicate specification compliance or 

marked to indicate requested deviations from specification requirements or 

those parts which are to be provided by the Contractor or others.  Check 

marks shall denote full compliance with a paragraph as a whole.  If 

deviations from the specifications are indicated, and therefore requested 

by the Contractor, each deviation shall be underlined and denoted by a 

number in the margin to the right of the identified paragraph, referenced to 

a detailed written explanation of the reasons for requesting the deviation.  

The Engineer shall be the final authority for determining acceptability of 
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requested deviations.  The remaining portions of the paragraph not 

underlined will signify compliance on the part of the Contractor with the 

specifications.  Failure to include a copy of the marked-up specification 

sections, along with justification(s) for any requested deviations to the 

specification requirements shall be cause for rejection of the entire 

submittal and no further submittal material will be reviewed.   

 

2. A copy of the contract Drawings M-100 and M-101 relating to the 

submitted equipment, with addendum updates that apply to the equipment 

in this section, marked to show specific changes necessary for the 

equipment proposed in the submittal.  If no changes are required, the 

drawing or drawings shall be marked "no changes required".  Failure to 

include copies of the relevant drawings with the submittal shall be cause 

for rejection of the entire submittal with no further review. 

 

3. Marked product literature for all the devices and components.  Include 

electrical connection diagrams.  

 

4. Equipment wiring diagrams identifying internal and face mounted 

components and connections to remote equipment.   

 

5. Pump motor data sheets. 

 

6. Shop drawings indicating construction and installation details, a complete 

detailing of the materials construction and equipment weights.  

 

7. Dimensioned drawings of all equipment an accessories as a complete 

system including cross-section views. 

 

8. List of spare parts and maintenance items to be provided. 

 

 

PART 2    PRODUCTS 

 

2.01 VACUUM REGULATORS 

 

A. The vacuum regulators shall be rated for 200 PPD of chlorine.   

 

B. They shall be designed to reduce full chlorine gas supply pressure to a vacuum 

without venting. 

  

C. A self-aligning yoke designed to Chlorine Institute recommendation per drawing 

189 shall be provided as an integral part of the vacuum regulators. 
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D. The units shall include a selector knob and icons to indicate the chlorine gas 

container status. Each regulator shall include easy to read indication of the 

following positions: 

  

 1. Operating 

 

 2. Empty 

 

 3. Off 

 

E. An off position shall be provided to isolate the diaphragm and internal 

components from atmospheric air when the operator changes containers. 

 

F. Vacuum regulators shall contain internal pressure relief capability. 

 

G. Vacuum regulators shall include automatic switchover capability (non-

switchover). 

 

G. The check valve assemblies shall close in the event of leakage past the primary 

valve. 

 

H. Vacuum regulators shall be Siemens (Wallace and Tiernan) S10K or approved 

equal. 

 

I.  Regulators for 150 lb. cylinders shall be cylinder mounted. 

 

2.02  AUTOMATIC SWITCHOVER 

 

A. An  automatic switchover module shall be furnished with the vacuum regulator to 

change over to new supply as the on-line supply is depleted.  

 

  

C. Switchover shall be non-isolating, such that when the switchover is accomplished 

gas shall continue to be drawn from the former source until the container is 

empty. 

 

D. Switchover shall have easy to read indication for indication of operation status, 

including indication of which source is active.  

 

 

2.03 ROTAMETER 

 

A. Rotameter shall have needle valve type or v-notch type rate control, with 

manually adjustment capability. 

 

B.  Rotameter shall be Siemens (Wallace and Tiernan) S10K or approved equal. 
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2.04 INJECTORS 

 

A. The gas feed system shall have one PVC 3/4” fixed throat injectors to generate the 

operating vacuum for the system. 

 

B. The injector shall be capable of feeding against a backpressure of 151 PSI with a 

projected operating pressure of 300 PSI, and a projected flow rate of 5 gpm to 

provide sufficient vacuum to inject up to 10 PPD chlorine gas.  

 

C. Injector shall include built-in double check valve protection to prevent water from 

back flooding into the vacuum regulator. 

 

E. A corp stop type injection quill for diffusing the chlorine solution created in the 

injector into the water piping, as shown in the project drawings shall also be 

furnished as a part of this system.  

 

F. The injector shall be mounted directly upstream of the injection quill. See 

Contract Drawings M-100 and M-101. 

 

G. Injector shall be capable of mounting in either the vertical or horizontal plane. 

 

H.  Injector shall be Siemens (Wallace and Tiernan) S10K 3/4” Standard Injector or 

approved equal. 

2.05  CHORINE INJECTOR SOLUTION BOOSTER PUMPS 

A.  The chlorine injector solution booster pump shall be Franklin Electric brand or 

approved equal. Contractor to coordinate booster pump size with chlorine 

equipment supplier.  

2.06  PRESSURE GAUGES, WATER/SOLUTION SERVICE 

A.  The pressure gauges for suction/discharge ends of the injector shall be 2 inch, 

270-degree movement and suitable for stem mounting. The pressure gauges shall 

have a 1/4 inch NPT process connection. 

2.07 SAFETY EQUIPMENT 

An emergency repair “Kit A” for 150 lb chlorine cylinders shall be supplied.  

2.08  SELF CONTAINED BREATHING APPARATUS (SCBA) 

The SCBA shall be an MSA Workmask, or approved equal, suitable for use with chlorine 

gas, with 30-minute air tank. 
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2. 09     SCBA ENCLOSURE      

The wall mounted enclosure for the 30 minute SCBA shall be constructed of fiberglass 

reinforced plastic (FRP) or other approved plastic.  

 

2.10    CHLORINE CYLINDER SCALE 

 

A. Chlorine cylinder scales shall be the CHLOR-SCALE model 150® with TUF-

COATTM coating and SOLO® G2 digital display, as manufactured by Force Flow 

Equipment or approved equal.  A quantity of one set of dual chlorine cylinder 

scales shall be provided as a part of the chlorination system and shall be of the 

digital readout/electronic load cell type.  Scale platforms shall be constructed of 

non-corrosive PVC plastic and sized to accept 150 lb. chlorine cylinders up to 

10.5 inches in diameter.  Platform height shall be no more than 1 5/8 inches 

higher than height to allow easy handling and unloading of cylinders.    Platform 

scale coating system shall be a minimum dry thickness of 80 mils and be resistant 

to moisture, chemicals, abrasion, impact and UV light.  Full scale accuracy shall 

be < 1%. 

 

B. Scale shall be of the single load cell design.  Weight shall be transferred via a 

pivoted platform to a single stainless steel canister load cell of the electronic 

strain gauge type.  Load cell shall be mechanically sealed with o-rings.  Potted-

type load cells shall not be accepted.  Flexible cable shall connect load cell to 

indicator to allow easy remote installation of the readout.  Cable length shall be 

10 feet.  Cylinder chaining bracket shall be wall mounted and use a double coil 

chain and a spring loaded snap hook to sure cylinder.  Chaining bracket shall have 

an integral tool rack for storing cylinder change-out tools. 

 

C. A remote mounted 4½ digit LCD indicator shall be housed in a NEMA 4X, UL 

approved enclosure.    LCD Indicator shall be backlit with .5" characters for ease 

of readability in low light conditions.  To allow indication of net weight, indicator 

shall be equipped with a sealed ten-turn knob for tare adjustment.    Indicator shall 

output net weight via a 4-20mA signal for remote monitoring.  Indicator shall 

have two adjustable set points for alarms or liquid level control.  Set points shall 

activate (2) 1/2A dry contact relays.  Power:  115 Vac. 

  

D. Scales shall carry a Full Five (5) Year Factory Warranty.  “Limited” Warranties 

shall be considered unacceptable.    

 

  

2.11 CHLORINE CONTROLLER 

 

A. A chlorine proportional controller shall be provided to control chlorine dosing. 

The controller will be capable of receiving a signal from the pump house flow meter and 

determining the signal for the dosing plump. The controller shall be capable of automatic 
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correction in the event of non-linearity of the gas feeder. The controller shall be a 

Wallace & Tiernan SFC SC Flow proportional control or approved equal.  

 

 

2.12 CHLORINE GAS LEAK DETECTOR 

  

A. SYSTEM PERFORMANCE REQUIREMENTS: 

 

The chlorine gas detection system shall measure and display gas concentration and 

provide alarms when preset limits are exceeded in Chlorine Room. The system shall consist of a 

NEMA 4X alarm module and a remote mounted gas sensor/transmitter.  

 

 The gas leak detection system shall meet the following performance requirements: 

 

1. Power Supply Module Requirements: 

 

  a. Input: 115 VAC, 60 Hertz with battery back-up 

  b. Output: Regulated, 13.7 VDC, 1A 

 

2. Operating Temperature Range: -40 to 55 C. 

 

3. Relative Humidity Rating: 0-99% non-condensing. 

 

4. Enclosures (Sensors and Monitor/Transmitter): Corrosion Resistant, 

NEMA 4X designed for wall mounting, UL approved. 

 

5. Gas Measuring Ranges: 

 

  a. Standard Range: 0-10 ppm. 

   

6. Accuracy: ± 5% of reading. 

 

7. Repeatability: ± 2% of reading. 

 

B. RECEIVER MODULE: 

 

Receiver module shall provide a high intensity digital LED display of gas concentration, 

plus alarm indicator LED's for Warning, Alarm, and Trouble.  Two programmable alarm 

setpoints shall be provided for warning personnel of differing levels of leakage.  Gas leak alarms 

shall be indicated by flashing LED indicators on the alarm receiver.   

 

The concentration of the gas shall be displayed directly in PPM units.  Three alarm relays 

shall be provided for external alarming functions.  Each alarm relay shall be independently 

assignable to either the low or the high alarm setpoint, and shall also be programmable for 

latching and/or fail-safe operation.   
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Alarm module shall consist of a NEMA 4X enclosure containing one modular receiver, 

and one power supply.  The enclosure shall contain a hinged window to allow access to controls 

without tools, and shall be suitable for wall or surface mounting. 

 

Each receiver shall provide an isolated 4-20 mA output signal proportional to gas 

concentration, and shall also contain remote reset input terminals to allow alarm 

acknowledgment from a remote location. 

 

1. Alarms: Two adjustable concentration alarms, set point adjustable from     

5-100%. 

 

2. Alarm indication: High Intensity LED Bars for Warning (low setpoint) 

and Alarm (high setpoint). Indicators shall operate as follows: 

 

  a. Warning level indicator shall be non-latching. 

  b. Alarm level indicator shall be latching. 

 

3. Alarm relays: Three assignable alarm relays.  

 

  a. Functions: Each relay shall be user-assignable for 

either “alarm” setpoint level (warning or alarm), and shall be 

configurable for normal/fail-safe, and latching/non-latching, and 

fast/slow operation. 

 

  b. Contact Rating: 10A at 120 VAC. 

 

4. Trouble Alarm: Front panel LED indicator and SPDT, factory set for fail-

safe operation. 

 

  a. Functions: Indicates loss of sensor/transmitter input 

or failure of sensor. 

 

  b. Contact Rating: 10A at 120 VAC. 

 

5. Gas Alarm Beacon: Red rotating flashing beacon to indicate gas leak 

mounted outside the building at the entrance door and a warning sign not 

enter and to call NTUA when Beacon is flashing – indicating a gas leak. 

 

C. POWER SUPPLY: 

 

The power supply in the receiver module shall be a modular design providing DC power 

to up to two receiver modules.  A third DC output shall be provided to float charge a standby 

battery system to provide battery backup to the entire detection system in the event of power 

failure.  The power supply shall operate from 115 volts AC, without adjustment, and shall also 

contain a power failure relay for remote power failure indication. 
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Battery backup module shall be housed in a NEMA 4X enclosure and shall be suitable 

for operating the detector for at least 4 hours in the event of power outage.  Battery backup units 

shall contain protective circuitry to isolate the battery in the event that battery voltage drops to 

levels where battery damage might result. 

 

D. ACCEPTABLE PRODUCT: 

 

The chlorine gas detector shall be Siemens (Wallace and Tiernan) or approved equal. 

 

2.13 SPARE PARTS 

 

Provide the following spare parts with the chlorine gas feed system: 

  

 1. One (1) spare booster pump (for booster pump). 

 

 2. One (1) spare educator/injector assembly. 

 

 3. One (1) spare pressure gauge (for each pressure range). 

 

 4. One (1) spare rotameter. 

 

5. One (1) complete set of all special tools required for maintenance of 

chlorine gas leak detection equipment. 

 

 

2.14 PRODUCT DATA 

 

 Provide the following in accordance with the requirements of Section 01300. 

 

1. Manufacturer's operation and maintenance information as specified in 

Section 01730, including: 

 

a.  Final reviewed submittal. 

 

 

2. Installation forms specified in Part 3. 

 

3. Training forms specified in Part 3. 

 

4. Training information as specified in Section 01664 

 

PART 3    EXECUTION 

 

3.01 INSTALLATION 
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A. The equipment shall be installed per the contract documents and manufacturer’s 

recommendations. 

 

B. Configure the leak detector leak alarm to be fail-safe and closed under normal 

conditions. 

 

3.02     FIELD SERVICES 

 

            A. A factory trained technician shall provide up to two on-site hours of start-up and 

training service for this system.  

 

            A. A factory trained technician shall provide monthly on-site chlorinator adjustment 

service for one year from date of initial service.  Service to be scheduled in 

advance with and witnessed by NTUA Operations personnel.    

 

3.02 WARRANTY 

 

A. In addition to the requirements of General Conditions, the equipment/system 

warranty, unless otherwise stated, shall be one year from start-up or 18 months 

after shipment. 

** END OF SECTION** 
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SECTION 15050 

 

PIPING SYSTEMS 

 

 

PART 1--GENERAL 

 

1.01 DESCRIPTION 

 

 A. SCOPE: 

 

 This section specifies systems of process piping and general requirements for piping 

systems.  Detailed specifications for the components listed on the Piping System Specification 

Sheets are found in other sections of Division 15.  This section shall be used in conjunction with 

those sections. 

 

 B. DEFINITIONS: 

 

 Pressure terms used in Section 15050 and elsewhere in Division 15 are defined as follows: 

 

  1. Maximum:  The greatest continuous pressure at which the piping system 

operates. 

 

  2. Test:  The hydrostatic pressure used to determine system acceptance. 

 

1.02 QUALITY ASSURANCE 

 

 A. REFERENCES: 

 

 This section contains references to the following documents.  They are a part of this section 

as specified and modified.  Where a referenced document contains references to other standards, 

those documents are included as references under this section as if referenced directly.  In the event 

of conflict between the requirements of this section and those of the listed documents, the 

requirements of this section shall prevail. 

 

 Unless otherwise specified, references to documents shall mean the documents in effect 

at the time of Advertisement for Bids or Invitation to Bid (or on the effective date of the 

Agreement if there were no Bids).  If referenced documents have been discontinued by the 

issuing organization, references to those documents shall mean the replacement documents 

issued or otherwise identified by that organization or, if there are no replacement documents, the 

last version of the document before it was discontinued.  Where document dates are given in the 

following listing, references to those documents shall mean the specific document version 

associated with that date, regardless of whether the document has been superseded by a version 

with a later date, discontinued or replaced. 
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Reference Title 

AASHTO 

M36/M36M 

Metallic (Zinc or Aluminum) Coated Corrugated Steel Culverts 

and Underdrains 

ANSI A13.1 Scheme for the Identification of Piping Systems 

ANSI B1.20.1 Pipe Threads, General Purpose (Inch) 

ANSI B16.1 Cast Iron Pipe Flanges and Flanged Fittings Class 25, 125, 250, 

and 800 

ANSI B16.3 Malleable Iron Threaded Fittings Class 150 and 300 

ANSI B16.5 Pipe Flanges and Flanged Fittings 

ANSI B16.9 Factory-Made Wrought Steel Buttwelding Fittings 

ANSI B16.11 Forged Steel Fittings, Socket Welding and Threaded 

ANSI B16.12 Cast Iron Threaded Drainage Fittings 

ANSI B16.22 Wrought Copper and Copper Alloy Solder Joint Pressure 

Fittings 

ANSI B16.26 Cast Copper Alloy Fittings for Flared Copper Tubes 

ANSI B31.1 Power Piping 

ASME Section IX Boiler and Pressure Vessel Code; Welding and Brazing 

Qualifications 

ASTM A47 Malleable Iron Castings 

ASTM A53 Pipe, Steel, Black and Hot Dipped, Zinc-Coated Welded and 

Seamless 

ASTM A74 Cast Iron Soil Pipe and Fittings 

ASTM A105/A105M Forgings, Carbon Steel, for Piping Components 

ASTM A106 Seamless Carbon Steel Pipe for High-Temperature Service 

ASTM A126 Standard Specification for Gray Iron Castings for Valves, 

Flanges, and Pipe Fittings 

ASTM A197 Cupola Malleable Iron 

ASTM A234/A234M Pipe Fittings of Wrought Carbon Steel and Alloy Steel for 

Moderate and Elevated Temperatures 

ASTM A312/A312M Seamless and Welded Austenitic Stainless Steel Pipe 

ASTM A403/A403M Wrought Austenitic Stainless Steel Piping Fittings 

ASTM A536 Ductile Iron Castings 

ASTM A570/A570M Hot-Rolled Carbon Steel Sheet and Strip, Structural Quality 

ASTM B88 Seamless Copper Water Tube 
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Reference Title 

ASTM C76 Reinforced Concrete Culvert, Storm Drain, and Sewer Pipe 

ASTM C443-REV A Standard Specification for Joints for Circular Concrete Sewer 

and Culvert Pipe, Using Rubber Gaskets 

ASTM C564 Rubber Gaskets for Cast Iron Soil Pipe and Fittings 

ASTM D1248 Polyethylene Plastics Molding and Extrusion Materials 

ASTM D1784 Rigid Poly (Vinyl Chloride) (PVC) Compounds and Chlorinated 

Poly(Vinyl Chloride) (CPVC) Compounds 

ASTM D1785 Poly (Vinyl Chloride) (PVC) Plastic Pipe, Schedules 40, 80, and 

120 

ASTM D2241 Poly (Vinyl Chloride) (PVC) Plastic Pipe (SDR-PR) 

ASTM D2665 Poly (Vinyl Chloride) (PVC) Plastic Drain, Waste, and Vent 

Pipe and Fittings 

ASTM D3034 Standard Specification for Type PSM Poly (Vinyl Chloride) 

(PVC) Sewer Pipe and Fittings 

ASTM D3261 Butt Fusion Polyethylene (PE) Plastic Fittings for Polyethylene 

(PE) Plastic Pipe and Tubing 

ASTM D4101 Propylene Plastic Injection and Extrusion Materials 

ASTM F441 Chlorinated Poly (Vinyl Chloride) (CPVC) Plastic Pipe, 

Schedules 40 and 80 

AWWA C105 Polyethylene Encasement for Ductile-Iron Piping for Water and 

Other Liquids 

AWWA C110 Ductile-Iron and Gray-Iron Fittings, 3 Inch Through 48 Inch, for 

Water and Other Liquids 

AWWA C111 Rubber-Gasket Joints for Ductile-Iron and Gray-Iron Pressure 

Pipe and Fittings 

AWWA C115 Flanged Ductile-Iron and Gray-Iron Pipe with Threaded Flanges 

AWWA C151 Ductile-Iron Pipe, Centrifugally Cast in Metal Molds or 

Sand-Lined Molds, for Water or Other Liquids 

AWWA C153 Ductile-Iron Compact Fittings, 3 Inches through 12 Inches, for 

Water and Other Liquids 

AWWA C200 Steel Water Pipe 6 Inches and Larger 

AWWA C205 Cement-Mortar Protective Lining and Coating for Steel Water 

Pipe--4 In. and Larger--Shop Applied 

AWWA C206 Field Welding of Steel Water Pipe 
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AWWA C207 Steel Pipe Flanges for Waterworks Services--Sizes 4 In. through 

144 In. 

AWWA C208 Dimensions for Fabricated Steel Water Pipe Fittings 

AWWA C209 Cold-Applied Tape Coating for Special Sections, Connections, 

and Fittings for Steel Water Pipelines 

AWWA C210 Liquid Epoxy Coating Systems for the Interior and Exterior of 

Steel Water Pipe 

AWWA C214 Tape Coating Systems for the Exterior of Steel Water Pipelines 

AWWA C600 Installation of Ductile-Iron Water Mains and Their 

Appurtenances 

AWWA C605 Underground Installation of Polyvinyl Chloride (PVC) and 

Molecularly Oriented Polyvinyl Chloride (PVCO) Pressure Pipe 

and Fittings 

AWWA C651 Disinfecting Water Mains 

AWWA C900 Polyvinyl Chloride (PVC) Pressure Pipe, 4 Inches Through 12 

Inches, for Water 

AWWA C901 Polyetheylene (PE) Pressure Pipe and Tubing, ¾ In. (19 mm) 

Through 3 In. (76 mm), for Water Services 

AWWA C906 Polyethylene (PE) Pressure Pipe and Fittings, 4 In. Through 65 

In. (100 mm Through 1,650 mm), for Waterworks 

AWWA M11 Steel Pipe--A Guide for Design and Installation 

CISPI 301 Specification Data for Hubless Cast Iron Sanitary System with 

No-Hub Pipe and Fittings 

FEDSPEC 

L-C-530B(1) 

Coating, Pipe, Thermoplastic Resin or Thermosetting Epoxy 

MIL-H-13528B Hydrochloric Acid, Inhibited, Rust Removing 

MIL-STD-810C Environmental Test Methods 

SAE J1227 Assessing Cleanliness of Hydraulic Fluid Power Components 

and Systems 

UPC  Uniform Plumbing Code 

NTUA Navajo Area Standards & Construction Requirements  

 

 B. FITTINGS AND COUPLING COMPATIBILITY: 

 

 To assure uniformity and compatibility of piping components, fittings and couplings for 

grooved end piping systems shall be furnished by the same manufacturers. 
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1.03 SUBMITTALS 

  

Submittals and product data for all piping materials shall be provided in accordance with 

Section 01300. 

 

 Piping layout drawings for all piping (including encased and above ground piping) shall be 

transmitted to the CONSTRUCTION MANAGER a minimum of 2 weeks prior to construction.  

Drawings shall be original layouts by the CONTRACTOR; photocopies of contract drawings are 

not acceptable. 

 

1.04 TEMPORARY ABOVEGROUND POTABLE WATER PIPE (HIGH LINE) 

 

 High line piping shall be provided where water service is to be maintained and as required 

by the CONSTRUCTION MANAGER. High line piping and appurtenances shall be furnished, 

installed, disinfected, connected, maintained, and removed by the CONTRACTOR. Bacteriological 

sampling and testing shall be performed by a certified testing laboratory approved by the Owner.  

The Contractor shall coordinate highlining activities with the Construction Manager. 

 

PART 2--PRODUCTS 

 

2.01 PIPING MATERIALS 

 

 Unless otherwise specified, piping materials, including pipe, gaskets, fittings, connection 

and joint assemblies, linings and coatings, shall be selected from those listed on the piping system 

specification sheets.  Piping materials shall conform to detailed specifications for each type of pipe 

and piping appurtenance specified in other sections of Division 15. 

 

2.02 PIPING IDENTIFICATION 

 

 A. PLASTIC CODING MARKERS: 

 

 Plastic markers for coding pipe shall conform to ANSI A13.1 and shall be as manufactured 

by W. H. Brady Company, Seton Name Plate Corporation, Marking Services Inc., or equal.  

Markers shall be the mechanically attached type that are easily removable; they shall not be the 

adhesive applied type.  Markers shall consist of pressure sensitive legends applied to plastic backing 

which is strapped or otherwise mechanically attached to the pipe.  Legend and backing shall be 

resistant to petroleum based oils and grease and shall meet criteria for humidity, solar radiation, 

rain, salt, fog and leakage fungus, as specified by MIL-STD-810C.  Markers shall withstand a 

continuous operating temperature range of -40 degrees F to 180 degrees F.  Plastic coding markers 

shall not be the individual letter type but shall be manufactured and applied in one continuous length 

of plastic. 

 

 Markers bearing the legends on the background colors specified in the PIPESPEC shall be 

provided in the following letter heights: 
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Outside pipe diameter,a 

inches 

Letter height, 

inches 

Less than 1-1/2 1/2 

1-1/2 through 3 1-1/8 

Greater than 3 2-1/4 

 
a Outside pipe diameter shall include insulation and jacketing. 

 

In addition, pipe markers shall include uni- and bi-directional arrows in the same sizes as the 

legend.  Legends and arrows shall be white on blue or red backgrounds and black on other specified 

backgrounds. 

 

 B. MAGNETIC TAPE: 

 

 Polyethylene magnetic tape shall be as manufactured by Allen Systems, W. H. Brady Co., 

Seton Name Plate Corporation, Marking Services Inc., or equal.  Tape shall be acid and alkali-

resistant, 3 inches wide, 0.005 inch thick, and have 1500 psi strength and 140 percent elongation 

value.  The tape shall be colored the same as the background colors as specified in paragraph 

15050-3.06 and shall be inscribed with the word "CAUTION--PIPE BURIED BELOW" and the 

name of the piping system. 

 

2.03 VALVES 

 

 Valves of the same size and service shall be provided by a single valve manufacturer.  

Packing shall be nonasbestos material.  Actual length of valves shall be within 1/16 inch (plus or 

minus) of the manufacturer's specified length.  Flanges shall meet the requirement of ANSI B16.5.  

Push-on and mechanical joints shall meet the requirements of AWWA C111.  Manual Valve 

operators are specified in Sections 15184. Motorized Valve operators are specified in Section 

11830. 

 

PART 3--EXECUTION 

 

3.01 INSTALLATION 

 

 A. LOCATION: 

 

 Piping shall be provided as specified except for adjustments to avoid architectural and 

structural features and shall be coordinated with electrical construction. 

 

 B. PIPING SIZES: 
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 Where the size of piping is not specified, the CONTRACTOR shall provide piping of the 

sizes required by UPC.  Unless specified otherwise, small piping (less than 1 inch in diameter) 

required for services not described by UPC shall be 1/2 inch. 

 

 C. PIPE SUPPORT, ANCHORAGE AND SEISMIC BRACING: 

 

  1. GENERAL:  Piping shall be supported by anchor brackets, guides, saddles 

or hangers.  Acceptable types of supports, guides, saddles, hangers and structure attachments for 

general pipe support, expansion/ contraction and for seismic bracing, as well as anchorage details, 

are shown on the drawings.  Minimum spacing shall be as specified for supports and for seismic 

bracing.  Where a specific type of support or anchorage is indicated on the drawings, then only that 

type shall be used there.  Piping shall be vertically supported by anchor brackets, guides, saddles or 

hangers and shall be seismically braced where indicated to resist lateral load.  Supports shall be 

provided on each run at each change of direction.  Pipe supports shall be hot-dip or mechanically 

galvanized.  Unless otherwise specified, existing pipes and supports shall not be used to support 

new piping. 

 

  2. PIPING CONNECTIONS TO MACHINES: Piping at machine 

connections shall be aligned in all planes to permit insertion of bolts at bolted connections or 

coupling screwed connections without using jacks, come-a-longs or other mechanical means to 

align field piping with the connections at the machines.  Bolts shall not be forced into mating 

flange bolt holes and shall be capable being withdrawn using finger pressure alone.  The use of 

‘dutchmen’ mitered sections or similar specials to achieve the required alignment with machine 

connections is strictly prohibited.  

 

 D. ANCHORAGE FOR BURIED PIPING: 

 

 All plugs, caps, tees and bends in buried pressure piping systems shall be anchored by 

means of reaction backing or restrained joints as specified. 

 

 E. BEDDING AND BACKFILL: 

 

 Bedding and backfill for buried piping shall be as specified in Section 02200 (Earthwork). 

 

F. EQUIPMENT CONNECTION FITTINGS 

 

Where shown, equipment connection fittings as specified in Section 15085 shall be 

provided between field piping systems and equipment inlet and outlet connections. 

 

G. FLEXIBILITY 

 

Pipe couplings or flexible joints shall be provided as specified. 

 

Unless otherwise specified, piping passing from concrete to earth shall be provided with two 

pipe couplings or flexible joints as specified in Section 15085.  
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3.02 PIPING IDENTIFICATION 

 

A. PIPE CODING: 

 

 After application of the specified coating and insulation systems, exposed piping, interior 

and exterior, and piping in ceiling spaces, pipe trenches, pipe chases and valve boxes shall be 

identified with plastic markers as specified in paragraph 15050-2.02 A.  Legend markers and 

directional arrows shall be located at each side of walls, floors and ceilings, at one side of each piece 

of equipment, at piping intersections, and at approximately 50-foot centers. 

 

 B. MAGNETIC TAPE: 

 

 Polyethylene magnetic tape shall be buried 12 to 18 inches below ground and shall be above 

and parallel to buried nonferrous, plastic and reinforced thermosetting resin pipelines.  For pipelines 

buried 8 feet or greater below final grade, the CONTRACTOR shall provide a second line of tape 

2.5 feet above and parallel to the buried pipe. 

 

3.03 VALVE IDENTIFICATION 

 

 Stainless steel tags bearing the specified valve number stamped in 1/4-inch high letters shall 

be installed on valve flanges in a position visible from floor level.  Flangeless valves 8 inches in 

diameter and larger shall have tags attached to the valve body by self-tapping corrosion resistant 

metal screws.  Flangeless valves 6 inches in diameter and smaller shall have tags attached to the 

valve stem by stainless steel wire.  Wire shall be 0.063 inch minimum. 

 

3.04 TESTING 

 

 A. GENERAL: 

 

 Upon completion of piping, but prior to application of insulation on exposed piping, the 

CONTRACTOR shall test the piping systems.  Pressures, media and test durations shall be as 

specified in Paragraph 3.09 of the Navajo Area Standards & Construction Requirements (See 

Appendix D) and paragraph 3.06 15050. Equipment which may be damaged by the specified test 

conditions shall be as specified Testing shall be performed using calibrated test gages and calibrated 

volumetric measuring equipment to determine leakage rates.  Each test gage shall be selected so that 

the specified test pressure falls within the upper half of the gage's range.  Unless otherwise 

specified, the CONTRACTOR shall notify the CONSTRUCTION MANAGER 24 hours prior to 

each test. 

 

 Unless otherwise specified, testing, as specified herein, shall include existing piping systems 

which connect with new pipe systems.  Existing pipe shall be tested to the nearest existing valve.  

Any piping which fails the test shall be repaired.  Repair of existing piping will be considered and 

paid for as extra work. 
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 B. GAS, AIR, AND VAPOR SYSTEMS: (NOT USED) 

 

 C. LIQUID SYSTEMS: 

 

Leakage shall be zero at the specified test pressure throughout the specified duration for the 

following systems:  exposed piping, buried insulated piping, and buried or exposed piping carrying 

liquid chemicals.  Testing procedures for chlorine systems are specified in paragraph 15050-3.04 D.    

Unless otherwise specified, leakage from other buried liquid piping systems shall be less than 0.02 

gallon per hour per inch diameter per 100 feet of buried piping. 

 

 

 D. CHLORINE SYSTEMS: 

 

1. GENERAL:  Chlorine systems include chlorine in gaseous and liquid phase under positive 

and negative pressure.  After cleaning, as specified in paragraph 15050-3.05 E, the system shall be 

pressure tested.  Pressure gages, relief valves, automatic control valves, and other components 

which may be damaged or exceeded by test pressures shall be removed and openings shall be 

blocked off prior to testing.  The Contractor shall not attempt to repair leaks until all pressure has 

dissipated from the system.  The system shall be repaired and retested as necessary until a 

successful test (zero leakage) is achieved. 

 

 For evaporator-supplied systems, Contractor shall disconnect the vent from the discharge 

side of the pressure relief valve of each evaporator, plug the resultant opening, inspect and secure all 

joints, close all valves which discharge to atmosphere, and open all in-line valves.  Contractor shall 

open the valve in the bypass line around the pressure reducing valve on the downstream side of each 

evaporator to provide a through path around this valve.  System piping shall then be tested to 150 

psig.  After testing, Contractor shall replace all equipment previously removed and close all in-line 

valves.  Contractor shall reconnect the vent line to the downstream side of the pressure relief valve 

of each evaporator and close the valve in the bypass line around the pressure reducing valve on the 

downstream side of each evaporator. 

 

 Steel pipelines shall be hydrostatically tested.  However, if drying after hydrostatic testing is 

impractical or cannot be accomplished, the Contractor may test steel lines with nitrogen gas or dry 

air providing he takes the necessary safety precautions to safeguard personnel and minimize the risk 

incurred when performing such a test at high pressures.  All PVC pipelines shall be hydrostatically 

tested.  Testing PVC lines with nitrogen or air is not permitted. 

 

2. HYDROSTATIC TESTING:  Steel piping lines and PVC solution lines hydrostatically 

tested shall be tested to 150 psig.  PVC vacuum lines shall be hydrostatically tested to 50 psig.  

After testing, all moisture absorbing gaskets and valve packing shall be replaced. 

 

  3. DRYING:  Chlorine and sulfur dioxide piping systems shall be dried prior to 

placing in service.  Even if water has not been purposely introduced into the system for hydrostatic 

testing or cleaning, drying is still required because moisture may enter the system from the 

atmosphere or other sources. 
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 For steel pipe, drying shall be accomplished by passing steam through the lines from the 

high end of the system until the lines are thoroughly heated.  While steaming, the Contractor shall 

allow condensate and foreign matter to drain out.  The steam supply shall then be disconnected and 

all pockets and low spots in the line drained.  While the line is still warm, dry oil-free air having a 

dew point of -40 degrees F, or below, shall be blown through the line until the exiting air dew point 

is the same as the supply air.  Valves shall be fixed in the half-open position during drying.  Valves 

removed temporarily from the system during drying operations must be free of moisture before 

being recoupled to the system piping. 

 

 Drying of PVC pipe applies solely to vacuum lines and consists of draining and removing 

all water and moisture from the system.  After draining the line, the Contractor shall first pig the 

pipe to remove excess water.  The Contractor shall then air dry the system in accordance with the 

requirements for steel pipe.  PVC pipe shall not be steamed. 

 

  4. NITROGEN OR AIR PRESSURE TESTING:  The Contractor may use 

nitrogen gas or oil-free dry air to test steel lines.  Testing consists of gradually introducing nitrogen 

gas or dry air up to 50 psig and maintaining this pressure while testing the line for leaks with soapy 

water.  When the system is free from leaks at this pressure, the test pressure shall then be increased 

in increments of 50 psig up to a maximum of 150 psig.  At each stepped increase in pressure, the 

Contractor shall check for leaks and take corrective action as necessary.  When the system is free 

from leaks at the final test pressure, the system shall then be depressurized, the test source 

disconnected, and the system capped to prevent the entrance of water. 

 

 For testing with nitrogen gas, the Contractor shall use cylinders of dry high purity nitrogen 

gas, nitrogen handling cylinder mounted pressure regulator 0 to 300 psig, and necessary fittings and 

adapters to complete connection between the source and system header.  Pressure regulator shall be 

self-relieving type which vents to the atmosphere and include a throttling valve. 

 

 For testing with air, the Contractor shall provide oil-free air with a relative humidity of zero.  

All fittings, adapters, and accessories, pressure regulator and throttling valve shall be suitable for 

pressure testing with air and rated for 300 psig service. 

 

  5. SERVICE GAS TESTING:  Immediately after the chlorine system has been 

dried and pressure tested, the service gas shall be gradually introduced and the entire system tested 

for leaks.  Time shall be allowed for the complete replacement of air from the piping with service 

gas. 

 

The Contractor shall use a liquid ammonia solution or chlorine gas detector to detect for chlorine 

leaks.  The Contractor shall spray the solution at the pipe connections and shall not squirt the liquid 

on the pipe or fittings.  In the event leaks are detected in the piping or the equipment, they shall not 

be repaired until all gas has been purged from the line.  The reaction of the two substances produces 

a dense white cloud.  Upon completion of repairs, the Contractor shall repeat the cleaning and 

drying process described in paragraphs 15050-3.04 D and 3.05 E and retest the lines with service 

gas. 
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 D. HYDRAULIC AND LUBE OIL SYSTEMS: (NOT USED) 

 

 E. DRAINS: 

 

 Drain systems, other than pumped drain systems, shall be tested in accordance with UPC 

and the local governing agency. 

 

 F. GRAVITY SEWER LINES: NOT USED 

 

3.05 CLEANING AND FLUSHING 

 

 A. GENERAL: 

 

 Piping systems shall be cleaned following completion of testing and prior to connection to 

operating, control, regulating or instrumentation equipment.  The CONTRACTOR may, at their 

option, clean and test sections of buried or exposed piping systems.  Use of this procedure, however, 

will not waive the requirement for a full pressure test of the completed system.  Unless specified 

otherwise, piping 24 inches in diameter and smaller shall first be cleaned by pulling a tightly fitting 

cleaning ball or swab through the system.  Piping larger than 24 inches in diameter may be cleaned 

manually or with a cleaning ball or swab. 

 

 B. TEMPORARY SCREENS: 

 

 Upon completion of the cleaning, the CONTRACTOR shall connect the piping systems to 

related process equipment.  Temporary screens, provided with locator tabs which remain visible 

from the outside when the screens are in place, shall be inserted in pipelines at the suction of pumps 

and compressors in accordance with the following table: 

 

Equipment suction or piping size, 

inches 

Maximum screen opening, 

inches 

0 –1 1/16 

1-1/4 – 3 1/4 

3-1/2 – 6 1/2 

Over 6 1 

 

 The CONTRACTOR shall maintain the screens during testing, initial start-up, and initial 

operating phases of the commissioning process.  In special cases, screens may be removed as 

required for performance tests.  The CONTRACTOR shall remove the temporary screens and make 

the final piping connections after the screens have remained clean for at least 24 consecutive hours 

of operation.  Systems handling solids are exempted. 

 

 C. GAS AND AIR SYSTEMS: NOT USED 
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 D. LIQUID SYSTEMS:  

 

After completion of cleaning, liquid systems, unless otherwise specified, shall be flushed 

with clean water.  With temporary screens in place, the liquid shall be circulated through the piping 

system using connected equipment for a minimum period of 15 minutes and until no debris is 

collected on the screens.  Liquid chlorine lines shall be cleaned in accordance with paragraph 

15050-3.05 E. 

 

 E. CHLORINE SYSTEMS: 

 

1. GENERAL:  All portions of the system shall be cleaned free of oil and 

grease. 

 

  2. PVC PIPE:  All solution lines shall be cleaned using water only.  Vacuum 

lines shall be cleaned with a detergent and water and thoroughly rinsed to remove all vestiges of 

detergent.  All lines shall be further purged of water by passing a cleaning ball or swab through the 

lines as specified in paragraph 15050-3.05 A. 

 

 

 F. STEAM SYSTEMS: NOT USED 

 

 G. HYDRAULIC AND FLUID POWER OIL SYSTEMS: NOT USED 

 

 H. POTABLE WATER SYSTEMS: 

 

 Potable water piping systems shall be flushed, tested and disinfected in accordance with 

NTUA requirements. Furnish test equipment, chemicals for chlorination, temporary valves, 

bulkheads and other water equipment control equipment and materials required. A Water Use 

Permit is required to obtain water for flushing. Coordinate water use permit with Navajo Nation 

Department of Water Resources (DWR) Technical, Construction and Operations Branch (TCOB) 

and NTUA – See Water Use Permit Application in Appendix D.   

  

 Indiscriminate onsite disposal or discharge of chlorinated water to sewer systems, storm 

drains, drainage courses or surface waters is prohibited.    

  

 Pipes, fittings, valves and all other components incorporated into tie-ins and connections 

with the existing system shall be spray disinfected or swabbed with a liquid chlorine solution in 

accordance with Hydrostatic Pressure Testing and Disinfection of Water Mains (see Appendix D) 

and AWWA C651 and as specified herein. Upon connection to the main, the line shall be flushed as 

directed by the CONSTRUCTION MANAGER. Disinfection by this method is generally limited to 

assemblies of 20' or less in length. Alternate methods such as "predisinfection" prior to installation 

in accordance with AWWA C651 may be required at the discretion of the CONSTRUCTION 

MANAGER. 
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3.06 PIPING SPECIFICATION SHEETS (PIPESPEC) 

 

 Piping and valves for groupings of similar plant processes or types of service lines are 

specified on individual piping specification sheets (PIPESPECS).  Piping services are grouped 

according to the chemical and physical properties of the fluid conveyed and/or by the temperature or 

pressure requirements.  Each grouping of services (PIPESPEC) is identified by a piping system 

number.  Piping services specified in the PIPESPECS are designated by service symbols as shown 

in Table A.  Table A also indicates the system number, fluid category, and pipe marker background 

color of each service. 
 

Table A, Piping Services 

 

Symbol Service System Fluid category 

Pipe marker 

color1 

     

CLG Chlorine Gas 20 Chemical Yellow 

CLV Chlorine Vacuum 21 Chemical Yellow 

D Drain 24 Drain/Vent Green 

OF Over Flow 24 Drain/Vent Green 

1W Potable Water (City water) 7 Water Blue 

2W Potable Water (downstream of air 

gap or backflow preventer) 

7 Water Blue 

 

3.06 PIPING SPECIFICATION SHEET--PIPESPEC 

 

 

Piping Symbol/Service 1W--Potable Water System--7 

  2W—Potable Water (downstream of air gap or backflow 

preventer) 

Test Requirements: 

 Medium: Water; ref. spec paragraph 15050-3.04 C. 

 Pressure: 200 psig (see Hydrostatic Test Pressure & Disinfection 

Requirements – Appendix D) 

 Duration: 120 minutes 

 

Gasket Requirements: 

 Flange: Compressed gasketing consisting of organic fibers (Kevlar) 

and neoprene binder 

 Push-on/Mech Cpl: EPDM 

 

Exposed Pipe and Valves: 

  (See IHS/NTUA Standard Drawings for pipe size and valve type.) 

 

(3” and smaller) 

 Pipe: Copper tube; ASTM B88, Type L, drawn.   
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  Conn; solder type with threaded or flanged adapters for 
valves. 

  Ftgs; wrought copper or bronze, ANSI B16.22. 
  Insulation:  
 
  PVC; ASTM D1784, Class 12454 B, NSF certified, ASTM 

D1785, Sch. 80.  Ref. spec Section 15064. 
  Conn; plain end; solvent weld. 
  Ftgs; PVC, Sch. 80, socket type. 
 
  Stainless Steel (S.S.) Pipe, Threaded. 
 
  Galvanized Iron Pipe (G.I.P.), Threaded. 
 
  O.D. Pipe, Brass 
 
 

Valves:    Ball; Jamesbury Fig. 351, Nibco T-580, or equal. 

  Globe; Crane 7TF or 17TF, Lunkenheimer 123 or 214, or 

equal. 

   

  Ball; PVC, true union, socket type, Chemtrol Tru Block TU 

Series, Asahi/ America Duo Bloc TU Series, GSR TU Series, 

or equal, with PTFE seats and Viton O-rings. 

  Diaphragm; PVC body, PTFE diaphragm, Chemtrol Series 

PD, Posacon 677, Asahi/ America, or equal. 

 

  Gate; F.I.P.T., N.R.S., R.H.T., Brass hand wheel 

 

  Gate; Brass, F.I.P.T. 

 

  Pressure Reducing CLA-VAL, threaded ends, stainless steel 

(S.S.) trim & pilot tubing, 90 series W/Options A,B,C,D,V & 

M 

   

  Hose Bib, Stainless steel (S.S._) 

 

  Hose Bib, MIPT Brass 

 

  Combination Air Release/Vacuum Valve 

 

  Curb Stop, FIPT, Mueller H-10287, OAE  (4" and larger) 

 Pipe: Ductile iron; AWWA C151 with NSF Compliant lining and 

coating. Polyethylene encasement per ANSI/AWWA 

A21.5/C105.  

  Conn; Flanged or PE pipe. Flanged adapters for valves.  
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  Ftgs; ductile iron;flanged, coating, lining, and ends to match 

pipe.    

   

  (3" and larger) 

 Valves: Pressure Reducing; Ref. spec Section 15154. 

   

  Butterfly; Ref. spec Section 15103.   

 

  Swing Check; Ref. spec Section 15118 

 

  Pressure Reducing CLA-VAL, threaded ends, stainless steel 

(S.S.) trim and pilot tubing, 90 series W/Options A, B, D, V 

& M 

 

  Gate; F.I.P.T., N.R.S., R.H.T., Brass hand wheel 

 

 

Buried Pipe and Valves: 

  (See drawings for pipe size and valve type.) 

 

(3” and smaller) 

 Pipe: HDPE; per ASTM D-2239, SIDR 7, 200 PSI 

 

  PVC; ASTM D1784, Class 12454 B, certified, ASTM 

D1785, Sch. 80. Ref. spec Section 15064. 

  Conn; plain end; solvent weld 

  Ftgs; PVC, Sch. 80 socket type. 

 

  G.I.; Coated or polywrapped 

  Ftgs; G.I., FIPT 

 

(2-1/2” and smaller) 

 Valves: 

  Gate; C.I., FIPT, RW, NRS, RHT, W/2” operating nut, 

Mueller A-2360-37 

 

 

  (4" to 12”) 

 Pipe: HDPE; per AWWA C901, DR as specified. Ref. spec 

Section 15065 

   

  PVC; per AWWA C900, DR as specified. Ref. spec Section 

15064. 

  Restrained push-on rubber gasket joint.  MJ adapters for 

valves and fittings.  
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  Ftgs; ductile iron; coating, lining and ends to match pipe. 

 

  Ductile iron; AWWA C151 with NSF Compliant lining and 

coating. Polyethylene encasement per ANSI/AWWA 

A21.5/C105. Ref, spec Section 15062. 

  Conn; Restrained mechanical joint pipe.  MJ adapters for 

valves. 

  Ftgs; ductile iron; restrained mechanical joint, coating, lining, 

and ends to match pipe. 

   

 Valves: Gate; Resilient Seated. ref. spec Section 15102, with 

extension stem and valve box.   

 

Remarks: 

 

1. Combination air valve shall be provided at the high points and drains provided at the low 

points of each reach of pipeline.  

 

2. Sleeves shall be installed of proper size for all pipes passing through walls as shown on the 

drawings. Where indicated on the drawings, or required for liquid or gas-tightness, the pipe 

shall be sealed with mechanical seal by Link Seal as manufactured by Thunderline Corp., 

Wayne, Michigan, or equal. 

 

3. All pipe and appurtenances connected to equipment shall be supported in such a manner as 

to prevent any strain being imposed on the equipment. 

 

4. System 7 piping installed in areas and locations subject to freezing (including ceiling areas 

which are not heated) shall be insulated. 

 

5. Water lines installed over suspended or other type ceilings shall be insulated for 

condensation control. 

 

6. Systems shall be disinfected per NTUA Testing and Disinfecting Water Mains – See 

Appendix D. 

 

7. Tape shall be spirally wrapped with a 55 percent overlap and sufficient tension and pressure 

to provide continuous adhesion without stretching the tape.  Edges of tape must be 

continuously smoothed and sealed by hand during wrapping.  On vertical application, 

contractor shall begin at bottom and proceed upward creating a weather board overlap.  

 

Smooth contours shall have a minimum thickness of 50 mils while nuts, bolts, and sharp 

projections shall be 100 mils. 
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3.06 PIPING SPECIFICATION SHEETS--PIPESPEC 

 

Piping Symbol/Service: CLG--Chlorine Gas System--20 

   

Test Requirements: 

 Medium: Ref. spec paragraph 15050-3.04 D. 

 Pressure: 150 psig 

 Duration: 120 minutes 

 

Gasket Requirements: 

 

 Flange: Gylon gasketing, Garlock Style 3500 or 3510 

 Push-on/Mech Cpl: N/A 

 

Exposed Pipe and Valves: 

  (See drawings for pipe size and valve type) 

 

  (1-1/2" and smaller) 

 Pipe: Steel; ASTM A106, seamless, Grade B, black, Sch. 80, no 

lining, pickled.   

  Conn; socket weld; forged steel, Class 3000, ANSI B16.5, 

flanged for valves. Ref. spec Section 15085. 

  Ftgs; forged steel, ASTM A105, ANSI B16.11, pressure 

Class 3000, pickled, ends to match pipe. 

 

 Valves: Ball; Jamesbury 530S-C31-2271MT, ITT Cam-Tite 3058-2-

4, or equal. 

 

Remarks: 

 

1. The cleaning (pickling) solution used shall comply with Mil-H-13528B.  Immediately 

following pickling and rinsing procedures, steel pipe and fittings shall be coated inside and 

outside with a rust and corrosion preventative system, and the ends sealed to prevent the 

entry of dirt.  Corrosion preventive coating shall not interfere with cleaning operations 

specified in paragraph 15050-3.05 E. 

2. Valves shall be provided with certification for use with chlorine by the Chlorine Institute, 

Inc. 

3. Valves shall be cleaned for chlorine service by the valve manufacturer prior to delivery to 

the job site. 

4. Following test completion, piping, valves, and fittings shall be dried as specified in 

paragraph 15050-3.04 D.
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3.06 PIPING SPECIFICATION SHEETS--PIPESPEC 

 

Piping Symbol/Service: CLV--Chlorine Vacuum System--21 

   

Test Requirements: 

 Medium: Water; ref. spec paragraph 15050-3.04 D. 

 Pressure: 50 psig 

 Duration: 1440 minutes 

 

Gasket Requirements: 

 Flange: PTFE bonded EPDM, full-face gaskets, ANSI B16.1.  

 Push-on/Mech Cpl: N/A 

 

Exposed Pipe and Valves: 

  (See drawings for pipe size and valve type) 

 

  (All sizes) 

 Pipe: PVC; ASTM D1784, Class 12454-B, NSF  certified, 

ASTM D1785, Sch. 80.  Piping and fittings exposed to 

sunlight shall be painted.  Ref. spec Section 15064. 

  Conn; plain end, solvent weld, flanged for valves 3 inches 

and larger. 

  Ftgs; PVC, Sch. 80, solvent weld. 

 

 Valves: Ball; PVC, Asahi/America Duo Bloc TU Series, Chemtrol 

Tru Bloc TU Series, GSR TU Series, or equal, with PTFE 

seats and Viton 0-rings. 

 

Remarks: 

 

1. Valves shall be provided with certification for use with chlorine by the Chlorine Institute, 

Inc. 

2. Valves shall be cleaned for chlorine service by the valve manufacturer prior to delivery to 

the job site. 

3. Following test completion, piping, valves, and fittings shall be dried as specified in 

paragraph 15050-3.04 D.



 

Piping Systems 

 15050-19 

  Dilkon Pass Booster 

Contract Issue 

3.06 PIPING SPECIFICATION SHEETS--PIPESPEC 

 

Piping Symbol/Service: D--Drain System--24 

  STD--Storm Drain 

  V--Vent 

 

Test Requirements: 

 Medium: In accordance with Section 712, Uniform Plumbing Code. 

 Pressure: In accordance with Section 712, Uniform Plumbing Code. 

 Duration: In accordance with Section 712, Uniform Plumbing Code. 

 

Gasket Requirements: 

 Flange: Compressed gasketing consisting of organic fibers (Kevlar) 

and neoprene binder 

 Push-on/Mech Cpl: Nitrile or neoprene 

 

Exposed Pipe and Valves: 

  (See drawings for pipe size.) 

 

  (3" and smaller) 

 Pipe: None 

 

 Valves: None 

 

  (4" thru 12") 

 Pipe: None 

 

 Valves: None 

 

Buried and Encased Pipe and Valves Under and 5 Feet Outside Building 

  (See drawings for pipe size.) 

 

  (12" and smaller) 

 Pipe: None 

 

 Valves: None 

 

  Buried and Encased Pipe and Valves Beyond 5 Feet Outside Building 

  (See drawings for pipe size.) 

 

  (3" and smaller) 

 Pipe: None 

 

 Valves: None 
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  (4” thru 12") 

 Pipe: HDPE; per AWWA C906 

 

 Valves: None 

 

   

Remarks: 

 

1. None 

 

 

**END OF SECTION** 
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SECTION 15062 

 

DUCTILE IRON PIPE 

 

 

PART 1--GENERAL 

 

1.01 DESCRIPTION 

 

 A. SCOPE: 

 

 This section specifies ductile iron pipe, ductile fittings and gaskets. 

 

 B. DEFINITION: 

 

 Where cast iron pipe is specified, the term and symbol shall mean ductile iron pipe. 

 

1.02 REFERENCES 

 

 This section contains references to the following documents.  They are a part of this section 

as specified and modified.  Where a referenced document contains references to other standards, 

those documents are included as references under this section as if referenced directly.  In the event 

of conflict between the requirements of this section and those of the listed documents, the 

requirements of this section shall prevail. 

 

 Unless otherwise specified, references to documents shall mean the documents in effect 

at the time of Advertisement for Bids or Invitation to Bid (or on the effective date of the 

Agreement if there were no Bids).  If referenced documents have been discontinued by the 

issuing organization, references to those documents shall mean the replacement documents 

issued or otherwise identified by that organization or, if there are no replacement documents, the 

last version of the document before it was discontinued.  Where document dates are given in the 

following listing, references to those documents shall mean the specific document version 

associated with that date, regardless of whether the document has been superseded by a version 

with a later date, discontinued or replaced. 

 

Reference Title 

ANSI A21.14 Ductile-Iron Fittings 3 In. Through 24 In., for Gas 

ANSI A21.52 Ductile-Iron Pipe, Centrifugally Cast, in Metal Molds or Sand 

Lined Molds for Gas 

ANSI B16.1 Cast Iron Pipe Flanges and Flanged Fittings Class 25, 125, 250, 

and 800 

ANSI B16.5 Pipe Flanges and Flanged Fittings 

ASTM A716 Ductile-Iron Culvert Pipe 
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Reference Title 

ASTM C150 Portland Cement 

AWWA C104  

(ANSI A21.4) 

Cement-Mortar Lining for Ductile- Iron and Gray-Iron Pipe and 

Fittings for Water 

AWWA C110 

(ANSI A21.10) 

Ductile-Iron and Gray-Iron Fittings, 3 In. Through 48 In., for 

Water and Other Liquids 

AWWA C111 

(ANSI A21.11) 

Rubber-Gasket Joints for Ductile- Iron and Gray-Iron Pressure 

Pipe and Fittings 

AWWA C115 

(ANSI A21.15) 

Flanged Ductile-Iron and Gray-Iron Pipe With Threaded 

Flanges 

AWWA C150 

(ANSI A21.50) 

Thickness Design of Ductile-Iron Pipe 

AWWA C151 

(ANSI A21.51) 

Ductile-Iron Pipe, Centrifugally Cast, in Metal Molds or Sand-

Lined Molds, for Water or Other Liquids 

AWWA C153 

(ANSI A21.53) 

Ductile-Iron Compact Fittings, 3 In. Through 12 In. for Water 

and Other Liquids 

AWWA C600 Installation of Ductile-Iron Water Mains and Their 

Appurtenances 

AWWA C606 Grooved and Shouldered Type Joints 

NTUA Navajo Area Standards & Construction Requirements  

 

 

1.03 SUBMITTALS 

 

 The following information shall be provided in accordance with Section 01300: 

 

1. A copy of this specification section, with addendum updates included, and 

all referenced and applicable sections, with addendum updates included, 

with each paragraph check-marked to indicate specification compliance or 

marked to indicate requested deviations from specification requirements. A 

check mark shall denote full compliance with a paragraph as a whole.  If 

deviations from the specifications are indicated, and therefore requested by 

the CONTRACTOR, each deviation shall be underlined and denoted by a 

number in the margin to the right of the identified paragraph, referenced to a 

detailed written explanation of the reasons for requesting the deviation.  The 

CONSTRUCTION MANAGER shall be the final authority for determining 

acceptability of requested deviations.  The remaining portions of the 

paragraph not underlined will signify compliance on the part of the 

CONTRACTOR with the specifications.  Failure to include a copy of the 

marked-up specification sections, along with justification(s) for any 



 Ductile Iron Pipe  

 15062-3 

Dilkon Pass Booster 

Contract Issue 

requested deviations to the specification requirements, with the submittal 

shall be sufficient cause for rejection of the entire submittal with no further 

consideration . 

 

  2. Shop fabrication drawings showing details of materials, piping, fittings, 

couplings, dielectric connections, joint locations and details, types and 

locations of supports. 

   

  3. CONTRACTOR's layout drawings as specified in paragraph 15050-1.03. 

 

  4. Certifications specified in the following documents:   

 

   ANSI A21.14, paragraph 14-4.2 

   ANSI A21.52, paragraph 52-4.2 

   ASTM A716, paragraph 4.2 

   AWWA C110, paragraph 10-5.3  

   AWWA C111, paragraph 11-7.1  

   AWWA C115, paragraph 15-4.2  

   AWWA C151, paragraph 51-5.2  

   AWWA C153, paragraph 53-6.3 

   AWWA C606, paragraph 4.1.1.1 

 

  5. Other data necessary to show conformance of the complete piping system to 

these specifications.  

 

 

PART 2--PRODUCTS 

 

2.01 GENERAL 

 

 Pipe design, materials and manufacture shall comply with the following documents: 

 

Item Document 

Thickness design AWWA C150 

Manufacturing requirements  

     Water or other liquid AWWA C151 

     Gas ANSI A21.52 

Gravity service pipe ASTM A716 

Joints  

     Rubber gasket AWWA C111 

     Threaded flange AWWA C115 
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Item Document 

Fittings  

     Water or other liquid AWWA C110/AWWA C153 

     Gas ANSI A21.14 

Cement mortar lining AWWA C104 

 

2.02 PIPE 

 

 Unless otherwise specified, ductile iron pipe shall be Class 50 and have nominal laying 

lengths of 18 or 20 feet.  For grooved-end pipe, wall thickness shall be minimum Class 53 except 

where the specified pressure requires heavier pipe. 

 

2.03 GASKETS 

 

 Use the manufacturer’s standard gasket for use in potable water systems. Gaskets shall 

comply with AWWA C111 for push-on and mechanical joints and with AWWA C606 for grooved 

end joints. 

 

 

2.04 FITTINGS 

 

 Unless otherwise specified, fittings shall conform to AWWA C110.  Ends shall be flanged, 

restrained mechanical joint, restrained push-on, or grooved to suit the conditions specified.  The 

AWWA C153 compact ductile iron fittings in sizes 3 through 12 inches are an acceptable substitute 

for standard fittings unless otherwise specified.  Long-radius elbows shall be provided where 

specified.  Grooved end fittings shall comply with paragraph 15050-1.02 B. 

 

2.05 JOINTS 

 

 A. UNRESTRAINED JOINTS: 

 

  1. PUSH-ON JOINTS:  Unrestrained joints, where specified, shall be the 

rubber ring compression, push-on type joint suitable for buried service.  Unrestrained joints shall be 

the Fastite Joint as manufactured by American Cast Iron Pipe Company, the Tyton Joint as 

manufactured by U.S. Pipe, or equal.  This joint is not permitted on fittings or specials, unless other-

wise specified.  Unless otherwise specified, joints shall have an allowable deflection up to 5 degrees 

at specified pressures.  Joint assembly and field cut joints shall be made in strict conformance with 

AWWA C600 and manufacturer's recommendations. 

 

  2. MECHANICAL JOINTS:  Where specified, mechanical joints for above or 

below ground service shall meet the requirements of ANSI/AWWA A21.10/C110 and 

ANSI/AWWA A21.11/C111.  Gaskets and bolts and nuts shall comply with paragraphs 15062-2.03 

and 2.05 D, respectively. 
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 B. RESTRAINED JOINTS: 

 

  1. GENERAL:  Unless otherwise specified, restrained joints are required for all 

exposed and buried piping.  Unless otherwise specified, restrained joints shall be flanged or grooved 

end for exposed service and restrained push-on for buried service. 

 

  2. PUSH-ON JOINTS:  Restrained push-on joints shall be as specified in 

paragraph 15062-2.05 A.1., modified for restraint. Joints shall be the Flex-Ring or Lok-Ring Joint 

as manufactured by American Cast Iron Pipe Company, TR Flex Joint as manufactured by US Pipe, 

or equal.  Restrained joints shall be capable of being deflected after full assembly.  Joint assembly 

shall be in strict conformance with AWWA C600 and manufacturer's recommendations.  No field 

cuts of restrained pipe are permitted without prior approval of the CONSTRUCTION MANAGER. 

 

  3. FLANGE ASSEMBLIES:  Unless otherwise specified, flanges shall be 

ductile iron and shall be threaded-on flanges conforming to ANSI/AWWA A21.15/C115 or cast-on 

flanges conforming to ANSI/AWWA A21.10/C110.  Flanges shall be adequate for 250 psi working 

pressure.  Bolt circle and bolt holes shall match those of ANSI B16.1, Class 125 flanges and ANSI 

B16.5, Class 150 flanges.  Where specified, flanges shall be threaded-on or cast-on flanges 

conforming to ANSI B16.1, Class 250. 

 

 Unless otherwise specified, bolts and nuts for flange assemblies shall conform with 

paragraph 15085-2.01 C.  Gaskets shall be as specified in paragraph 15085-2.01 B. 

 

  4. MECHANICAL JOINTS:  Where specified, restrained mechanical joints 

shall be the positive restraint type.  Mechanical joints with retainer glands are not acceptable. 

 

 Locked mechanical hydrant tees, bends and adapters are an acceptable substitute for 

anchoring fire hydrants and valves to the pipe main. 

 

 C. BALL AND SOCKET FLEXIBLE JOINT PIPE: 

 

 Ball and socket flexible joint pipe shall be the boltless type and shall allow a maximum joint 

deflection of 15 degrees.  Each joint shall be provided with a retainer lock to prevent rotation after 

assembly.  Joints shall be the Flex-Lok Joint as manufactured by American Cast Iron Pipe 

Company, USIflex as manufactured by U.S. Pipe, or equal. 

 

 D. BOLTS AND NUTS: 

 

 Corrosion-resistant bolts and nuts for use with ductile iron joints shall be high-strength, low-

alloy steel as specified in ANSI/AWWA C111/A21.11. 

 

2.06 PIPE COATING 

 



 Ductile Iron Pipe  

 15062-6 

Dilkon Pass Booster 

Contract Issue 

 Unless otherwise specified, pipe and fittings shall be coated with asphaltic material as 

specified in AWWA C151. 

 

2.07 PIPE LINING 

 

 A. ASPHALTIC LINING: 

 

 Unless otherwise specified, pipe and fittings shall be lined with asphaltic material as 

specified in AWWA C151. 

 

 B. CEMENT MORTAR LINING: 

 

 Where specified, interior surfaces of pipe and fittings shall be cement mortar lined in 

accordance with AWWA C104.  Cement shall be ASTM C150, Type II or V, low alkali, containing 

less than 0.60 percent alkalies. 

 

 C. GLASS LINING: (NOT USED) 

 

 

PART 3--EXECUTION 

 

3.01 INSTALLATION 

 

 A. GENERAL: 

 

 Piping runs specified on the drawings shall be followed as closely as possible.  Proposed 

deviations shall be submitted in accordance with Section 01300. 

 

 Pipe shall be installed in accordance with AWWA C600. 

 

 Connections to existing structures and manholes shall be made so that the finished work will 

conform as nearly as practicable to the requirements specified for the new manholes, including 

necessary concrete work, cutting and shaping.  Concrete mortar shaping within any structure and 

manhole shall be as specified. 

 

 B. INSULATING SECTIONS: 

 

 Where a metallic nonferrous pipe or appurtenance is connected to ferrous pipe or 

appurtenance, an insulating section shall be provided as specified in paragraph 15085-3.05. 

 

 C. ANCHORAGE: 

 

 Anchorage shall be provided as specified.  Calculations and drawings for proposed 

alternative anchorage shall be submitted in accordance with Section 01300. 
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3.02 ACCEPTANCE TESTING 

 

 Hydrostatic pressure tests shall be conducted in accordance with AWWA C600, Paragraph 

3.09 of the Navajo Area Standards & Construction Requirements (See Appendix D), and at test 

pressures listed in Section 15050. 

 

 The CONTRACTOR shall conduct the tests in the presence of the CONSTRUCTION 

MANAGER. 

 

 

**END OF SECTION** 
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SECTION 15064 

 

PLASTIC PIPE 

 

 

PART 1--GENERAL 

 

1.01 DESCRIPTION 

 

 A. SCOPE: 

 

 This section specifies polyvinylchloride, chlorinated polyvinylchloride, polyethylene, and 

polypropylene pipe and fittings.   High density polyethylene (HDPE) piping for trenchless 

installation shall be per specification Section 15065. 

 

The Contractor shall provide all necessary labor, materials, appurtenances, equipment, 

and services for a complete, in-place pipeline. 

 

 B. PIPE DESIGNATIONS: 

 

 For use in the Piping System Specification Sheets (PIPESPEC) in Section 15050 and in this 

section, the following plastic pipe designations are defined: 

 

Designation Definition 

PVC Polyvinylchloride 

CPVC Chlorinated polyvinylchloride 

PE Polyethylene 

PP Polypropylene 

 

1.02 QUALITY ASSURANCE 

 

 A. REFERENCES: 

 

 This section contains references to the following documents.  They are a part of this section 

as specified and modified.  Where a referenced document contains references to other standards, 

those documents are included as references under this section as if referenced directly.  In the event 

of conflict between the requirements of this section and those of the listed documents, the 

requirements of this section shall prevail. 

 

 Unless otherwise specified, references to documents shall mean the documents in effect 

at the time of Advertisement for Bids or Invitation to Bid (or on the effective date of the 

Agreement if there were no Bids).  If referenced documents have been discontinued by the 

issuing organization, references to those documents shall mean the replacement documents 
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issued or otherwise identified by that organization or, if there are no replacement documents, the 

last version of the document before it was discontinued.  Where document dates are given in the 

following listing, references to those documents shall mean the specific document version 

associated with that date, regardless of whether the document has been superseded by a version 

with a later date, discontinued or replaced. 

 

Reference Title 

ASTM D1248 Polyethylene Plastics Molding and Extrusion Materials 

ASTM D1784 Rigid Poly (Vinyl Chloride) (PVC) Compounds and 

Chlorinated Poly (Vinyl Chloride) (CPVC) Compounds 

ASTM D1785 Poly (Vinyl Chloride) (PVC) Plastic Pipe, Schedules 40, 80, 

and 120 

ASTM D2241 Poly (Vinyl Chloride) (PVC) Plastic Pipe (SDR-PR) 

ASTM D2464 Threaded Poly (Vinyl Chloride) (PVC) Plastic Pipe Fittings, 

Schedule 80 

ASTM D2466 Poly (Vinyl Chloride) (PVC) Plastic Pipe Fittings, Schedule 40 

ASTM D2467 Socket-Type Poly (Vinyl Chloride) (PVC) Plastic Pipe Fittings, 

Schedule 80 

ASTM D2564 Solvent Cements for Poly (Vinyl Chloride) (PVC) Plastic Pipe 

and Fittings 

ASTM D2657 Heat-Joining Polyolefin Pipe and Fittings 

ASTM D2665 Poly (Vinyl Chloride) (PVC) Plastic Drain, Waste, and Vent 

Pipe and Fittings 

ASTM D3034 Type PSM Poly (Vinyl Chloride) (PVC) Sewer Pipe and 

Fittings 

ASTM D4101 Propylene Plastic Injection and Extrusion Materials 

ASTM F402 Safe Handling of Solvent Cements and Primers Used for 

Joining Thermoplastic Pipe and Fittings 

ASTM F437 Threaded Chlorinated Poly (Vinyl Chloride) (CPVC) Plastic 

Pipe Fittings, Schedule 80 

ASTM F438 Socket-Type Chlorinated Poly (Vinyl Chloride) (CPVC) Plastic 

Pipe Fittings, Schedule 40 

ASTM F439 Socket-Type Chlorinated Poly (Vinyl Chloride) (CPVC) Plastic 

Pipe Fittings, Schedule 80 

ASTM F441 Chlorinated Poly (Vinyl Chloride) (CPVC) Plastic Pipe, 

Schedules 40 and 80 

ASTM F477 Elastomeric Seals (Gaskets) for Joining Plastic Pipe 
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Reference Title 

ASTM F493 Solvent Cements for Chlorinated Poly (Vinyl Chloride) 

(CPVC) Plastic Pipe and Fittings 

AWWA C110 Ductile-Iron and Gray-Iron Fittings 

AWWA C111 Rubber-Gasket Joints for Ductile-Iron 

AWWA C115 Flanged Ductile-Iron Pipe With Ductile-Iron 

AWWA C116 Protective Fusion-Bonded Epoxy Coatings 

AWWA C151 Ductile-Iron Pipe, Centrifugally Cast 

AWWA C153 Mechanical Joint Ductile Iron Fittings 

AWWA C210 Liquid-Epoxy Coatings and Linings for Steel Water Pipe and 

Fittings 

AWWA C605 Underground Installation of Polyvinyl Chloride (PVC) Pressure 

Pipe and Fittings 

AWWA C900 Polyvinyl Chloride (PVC) Pressure Pipe and Fabricated Fittings 

AWWA M23 PVC Pipe Design and Installation 

NTUA Navajo Area Standards & Construction Requirements  

 

 

 B. MANUFACTURER INSPECTION AND TESTS: 

 

1. Unless otherwise specified, all pipe manufacturing materials, pipe and 

fittings provided shall be tested in accordance with the applicable 

referenced standards. 

a. Perform material tests at no additional cost to the Owner. 

b. In addition to those tests specifically required, Construction 

Manager may request additional samples of any material for 

testing by Construction Manager. Additional samples and testing 

shall be furnished at no additional cost to Owner. 

2. Like pipe and fittings provided shall be furnished by a single 

manufacturer. 

1.03 SUBMITTALS 

 

 The following information shall be provided in accordance with Section 01300: 

 

1. A copy of this specification section, with addendum updates included, and 

all referenced and applicable sections, with addendum updates included, 

with each paragraph check-marked to indicate specification compliance or 
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marked to indicate requested deviations from specification requirements. A 

check mark shall denote full compliance with a paragraph as a whole.  If 

deviations from the specifications are indicated, and therefore requested by 

the CONTRACTOR, each deviation shall be underlined and denoted by a 

number in the margin to the right of the identified paragraph, referenced to a 

detailed written explanation of the reasons for requesting the deviation.  The 

CONSTRUCTION MANAGER shall be the final authority for determining 

acceptability of requested deviations.  The remaining portions of the 

paragraph not underlined will signify compliance on the part of the 

CONTRACTOR with the specifications.  Failure to include a copy of the 

marked-up specification sections, along with justification(s) for any 

requested deviations to the specification requirements, with the submittal 

shall be sufficient cause for rejection of the entire submittal with no further 

consideration. 

 

  2. Shop fabrication drawings showing details of materials, piping, fittings, 

couplings, mechanical restraint devices, dielectric connections, joint 

locations and details, types and locations of supports. 

 

3. CONTRACTOR's layout drawings as specified in paragraph 15050-1.03. 

   Contractor shall provide restraint calculations including required length for 

mechanical restraint, placement and/or sizing of thrust blocks, based on 

provided layout and Section 3.03. Calculations shall be stamped by a 

Registered Professional Engineer in the State of Arizona. 

 

  4. Manufacturer's certificates of compliance with the specified standards. 

 

5. Procedures for safe handling, transport and storage of HDPE piping, 

including maximum pipe stacking height to maintain the round pipe shape. 

 

6. Other data necessary to show conformance of the complete piping system to 

these specifications. 

 

 

PART 2--PRODUCTS 

 

2.01 PVC PIPE 

 

 A. PRESSURE PIPE: 

 

 PVC material for pipe and fittings shall conform to ASTM D1784, Class 12454-B with an 

established hydrostatic design basis (HDB) equal to or greater than 4000 psi at 73.4 degrees F.   
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Pressure pipe for water lines 4 through 60-inches shall be manufactured in accordance 

with AWWA C900.  Minimum Dimension ratio shall be as specified on the plans. Where not 

specified on plans, use DR18. 

Where specified, pipe and fittings shall be in accordance with ASTM D1785 or shall 

conform to ASTM D2241 for standard dimension ratios:  160 psi pipe--SDR 26; 200 psi pipe--SDR 

21; 250 psi--SDR 17.  Pressure rating for pipe shall be in excess of test pressure specified in Section 

15050.  Neoprene gaskets with push-on joints shall conform to ASTM F477. 

 

 Where specified, Schedule 80 PVC socket type fittings shall conform to ASTM D2467.  

Schedule 40 PVC fittings shall conform to ASTM D2466.  PVC solvent weld cement for socket 

connections shall meet the requirements of ASTM D2564.  Schedule 80 PVC threaded fittings shall 

conform to ASTM D2464.  Fittings for gasketed pipe shall be ductile iron or steel push-on 

IPS-sized pressure fittings rated for use with the specified class of PVC pipe.  Unless otherwise 

specified, fittings shall be lined and coated in accordance with Section 15062. 

 

 B. NONPRESSURE PIPE: 

 

1. GRAVITY SEWER PIPE:  NOT USED 

 

2. DRAIN, WASTE AND VENT PIPE:  NOT USED 

 

C. FITTINGS FOR PVC PRESSURE PIPE 

 

Fittings for PVC water lines shall be ductile-iron conforming to AWWA C110 or 

AWWA C153 with a minimum rated working pressure greater or equal to the provided pressure 

pipe. The fittings shall have restrained mechanical or push on joints manufactured specifically 

for the PVC pipe to be used with the fitting.  Fittings with repaired defects are not acceptable and 

will be rejected. 

Bolts and nuts for mechanical joints, or flanged ends will be of high strength corrosion 

resistant low-alloy steel and shall conform to AWWA C111.  Flange bolts and nuts for above 

ground installation shall conform to Appendix A of AWWA C115.  Restrained joint bolts and 

nuts for below ground installation shall be 316 stainless steel.  All fittings shall be fusion bonded 

epoxy lined and coated and lined unless stainless steel is used. 

Couplings shall meet the requirements of AWWA C900 as applicable, and be suitable for 

the working pressure. Deflection shall not exceed 50% of the manufacturer’s written maximum 

recommendation unless otherwise specified.   

2.02 CPVC PIPE 

 

 CPVC material for pipe and fittings shall conform to ASTM D1784, Class 23447-B.  Pipe 

and fittings shall be in accordance with ASTM F441.  Neoprene gaskets with push-on joints shall 

conform to ASTM F477. 
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 Schedule 80 CPVC socket type fittings shall conform to ASTM F439.  Schedule 40 CPVC 

socket type fittings shall conform to ASTM F438.  CPVC solvent weld cement for socket connec-

tions shall meet the requirements of ASTM F493.  Schedule 80 CPVC threaded type fittings shall 

conform to ASTM F437. 

 

2.03 PE PIPE 

 

 PE pipe shall meet the requirements of ASTM D1248, Type III, Grade P 34, Class C, 

100 psi or as specified in Section 15050, whichever is higher.  Fittings shall be of the same material, 

molded socket fusion for sizes 4 inch diameter and smaller and molded or fabricated butt fusion for 

sizes 6 inch and larger.  Fittings shall be 125 psi or as specified in Section 15050, whichever is 

higher.  Heat fusion welding shall be in conformance with ASTM D2657. 

 

2.04 PP PIPE 

 

 A. PRESSURE PIPE: 

 

 PP pipe and fittings shall be formulated of polypropylene conforming to ASTM D4101, 

SDR 11, butt fusion type.  Pipe shall be 150 psi rated in all sizes.  Heat fusion welding shall be in 

conformance with manufacturer's recommendation. 

 

 B. DRAIN, WASTE AND VENT PIPE: 

 

 PP drain, waste and vent (DWV) pipe and fittings shall be made from flame retardant, 

Schedule 40, polypropylene (PPFR) plastic as defined in ASTM D4101.  Pipe and fittings used for 

buried piping and in concealed locations shall be joined by electrical fusion coils energized by a 

variable low-voltage power supply to completely fuse the interface between the pipe and socket and 

form a completely homogenous structure.  Unless otherwise specified, mechanical joint fittings may 

be used under bench or in exposed locations where future disassembly is desired.  The mechanical 

method shall be in conformance with the manufacturer's recommendation. 

 

 

PART 3--EXECUTION 

 

3.01 STORAGE AND HANDLING 

Pipe shall be stored and handled in accordance with AWWA M23 and the manufacturer’s 

recommendations.  PVC pipe that has been gouged, scratched, or otherwise damaged shall be 

subject to rejection at the discretion of the Construction Manager. Rejected pipe shall be 

removed from the site and replaced at no additional cost to the Owner.  

Cover stored PVC pipe with an opaque material to protect it from the sun's ultraviolet 

radiation.  PVC pipe that has been subjected to excess ultraviolet radiation as identified by color 

fading or chalking shall not be used.  The determination as to the acceptability of PVC pipe shall 

rest solely with the Construction Manager.  
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PVC pipe that has been contaminated in any way with petroleum products (on the inside 

or outside of the pipe) shall not be used. 

3.02  INSTALLATION 

 

 PVC pipe 3 inches in diameter and smaller shall be joined by means of socket fittings and 

solvent welding in conformance with ASTM F402.  Solvent-cemented joints shall be made in strict 

compliance with the manufacturer's/supplier's instructions and recommended procedures.  Unless 

otherwise specified, PVC pipe 4 inches in diameter and greater shall be joined by means of gasketed 

push-on joints and steel or ductile iron push-on or mechanical joint fittings.  Fittings that are not 

plastic or stainless steel shall be lined and coated. Linings shall meet or exceed AWWA C-116 or 

AWWA C-210 and fully compliant with NSF requirements for potable water service, Ceramapure 

PL90 ceramic epoxy, or equal. Coatings shall be asphaltic material as specified in AWWA C151. 

Unless otherwise specified, PVC and CPVC piping exposed to sunlight shall be painted with an 

approved Latex coatings Tnemec Series 1028 or 1029,   Sherwin Williams, Sher Cryl HPA, or 

equal. 

 

 Connections to different types of pipe shall be by means of flanges, specified adapters or 

transition fittings.  Where sleeve type couplings are used, both shall be uniformly torqued in 

accordance with pipe manufacturer's recommendation.  Foreign material shall be removed from the 

pipe interior prior to assembly. 

 

 Unless otherwise specified, PE pipe and fittings 4 inch diameter and smaller shall be joined 

by means of thermal socket fusion and pipe 6 inch and larger by thermal butt fusion.  Butt-fusion 

joining of the pipes and fittings shall be performed with special joining equipment in accordance 

with procedures recommended by pipe manufacturer.  Tensile strength at yield of butt-fusion joints 

shall not be less than pipe.  Flanged adapters shall be provided for connection to valves and where 

specified. 

 

3.03  SUPPORTS, THRUST AND ANCHOR BOLTS 

 

All plugs, caps, tees and horizontal and vertical alignment changes greater than or equal to 11 ¼ 

degrees and as specified in buried pressure piping systems shall be anchored by means of 

reaction backing thrust blocks or mechanically restrained joints. Concrete support blocks shall be 

provided for all ductile-iron fittings and valves to prevent the fitting or valve weight from being 

carried by the PVC pipe. 

 

3.04 TESTING 

 

 Testing of plastic piping shall be in accordance with AWWA C605, Paragraph 3.09 of the 

Navajo Area Standards & Construction Requirements (See Appendix D), and at test pressures listed 

in Section 15050. 

 

 

**END OF SECTION** 
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SECTION 15065 

 

HIGH DENSITY POLYETHYLENE (HDPE) PIPE 

 

 

PART 1 -- GENERAL  

 

1.01 DESCRIPTION 

 

A. SCOPE:  

 

This section specifies high density polyethylene (HDPE) pipe, fittings, and appurtenances 

for piping 2 inches to 10 inches in nominal diameter.  

 

B. CHARACTERISTICS: 

 

Provided HDPE pipe shall conform to the following minimum requirements: 

 

Dimension Ratio (DR) 11 

 

Material Designation PE-4710 

 

Pipe Sizing System per AWWA C906 & ASTM F714 DPS 

 

Pressure Class in accordance with AWWA C906 200 psig 

 

C. REFERENCES: 

 

The publications listed below form part of this specification to the extent referenced and 

are referred to in the text by the basic designation only. References shall be made to the latest 

edition of said standards unless otherwise called for. 

 

References Title 

ANSI/AWWA C906 Polyethylene (PE) Pressure Pipe and Fittings, 4 In. 

Through 65 In. (100 mm Through 1,650 mm), for 

Waterworks 

ASTM D2321 Underground Installation of Thermoplastic Pipe for 

Sewers and Other Gravity-Flow Applications 

ASTM D2657 Heat Joining Polyolefin Pipe and Fittings 

ASTM D3350 Polyethylene Plastics Pipe and Fittings Material 

PPI TR 31 Underground Installation of Polyolefin Piping 
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1.02 QUALITY ASSURANCE 

 

A. INSPECTION AND TESTING: 

 

All HDPE materials, pipe and fittings shall be inspected and tested in accordance with the 

requirements of AWWA C906. 

 

B. AFFIDAVIT OF COMPLIANCE: 

 

The manufacturer shall furnish an affidavit of compliance conforming to the 

requirements of AWWA C906, Section 1.5, affirming that the piping components comply with 

the requirements of AWWA C906 and this section. 

 

1.03 SUBMITTALS 

 

Submittals shall be in accordance with Section 01300.  

 

Submit the following prior to commencement of the Work:  

 

A. A copy of this specification section, with addendum updates included, and all 

referenced and applicable sections, with addendum updates included, with each 

paragraph check-marked to indicate specification compliance or marked to 

indicate requested deviations from specification requirements.  Check marks (✓) 

shall denote full compliance with a paragraph as a whole.  If deviations from the 

specifications are indicated, and therefore requested by the Contractor, each 

deviation shall be underlined and denoted by a number in the margin to the right 

of the identified paragraph, referenced to a detailed written explanation of the 

reasons for requesting the deviation.  The Construction Manager shall be the final 

authority for determining acceptability of requested deviations.  The remaining 

portions of the paragraph not underlined will signify compliance on the part of the 

Contractor with the specifications.  Failure to include a copy of the marked-up 

specification sections, along with justification(s) for any requested deviations to 

the specification requirements, with the submittal shall be sufficient cause for 

rejection of the entire submittal with no further consideration. 

 

B. Detail drawings which show the type and location of all fittings, joints, and 

connections to other pipe materials.  

 

C. Design calculations demonstrating that the pipe is capable of sustaining service 

conditions and the maximum loads to be imposed during installation.  

 

D. Affidavit of Compliance specified in paragraph 15065 1.02 C. 

 

E. A report containing a copy of all manufacturer's test results for all tests conducted 

in accordance with paragraph 15065-1.02 B. 
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1.04 DESIGN REQUIREMENTS 

 

The design and layout of pipe shall meet the service and installation conditions and the 

criteria specified in this Section and as shown on the Plans are the responsibility of the 

Contractor.  This design shall be performed by or under the supervision of a Professional 

Engineer licensed by the State of Arizona. The Contractor shall submit design calculations for 

pipe with wall thickness and pressure class demonstrating that the pipe is capable of sustaining 

the maximum stresses to be imposed during installation and service.   

 

The calculations shall take into account ground loads, live loads such as traffic and 

railroad, and any other installation loads which may be reasonably anticipated.  

 

PART 2 -- PRODUCTS 

 

2.01 GENERAL 

 

HDPE materials, pipe and fittings shall be manufactured, marked, inspected, sampled and 

tested in accordance with the requirements of AWWA C906 and this section.   

 

The color of the pipe shall be black with a blue stripe designating potable water.  

 

2.02 MATERIALS 

 

HDPE piping components shall as a minimum be manufactured from materials that meet 

or exceed the requirements of the Plastic Piping Institute designation PE 4710 and that conform 

to the requirements of ASTM D3350 for a cell classification of PE 445474C.  

 

2.03 PIPE 

 

Pipe shall have the nominal pipe diameter shown, with the inside diameter based on the 

DR and pipe sizing system shown. Dimensions and tolerances shall be as specified in AWWA 

C906.  

 

2.04 FITTINGS 

 

Fittings shall meet the pressure requirements of the specified pipe.  Fittings shall conform 

to the applicable requirements of AWWA C906 for the joining methods specified in paragraph 

15065-3.02 B.  

Increase wall thickness to next nominal pressure rating/next lower DR for mitered bends. 

Mitered bends shall be segmented according to the following table: 
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Degree of bend Minimum number of miter segments 

45 or less 

Greater than 45 

2 

4 

 

 

PART 3 -- EXECUTION 

 

3.01 PIPE HANDLING AND STORAGE 

 

The Contractor shall use care in handling and storage of the pipe.  Pipe shall be stored on 

clean, level ground to prevent undue scratching or gouging of the pipe.  If the pipe must be 

stacked for storage, such stacking shall be done in accordance with the pipe manufacturer's 

recommendations.  The handling of the pipe shall be done in such a manner that it is not 

damaged by dragging over sharp objects or cut by chokers or lifting equipment.   

 

Sections of pipe with cuts, gouges, or scratches on the outside diameter (OD) surface that 

exceed 10-percent of the wall thickness of the pipe shall be removed completely and the ends of 

the pipeline rejoined.  The inside diameter (ID) surface shall be free of cuts, gouges, and/or 

scratches.   

 

3.02 INSTALLATION 

 

A. GENERAL: 

 

Unless otherwise specified, the piping system shall be installed in accordance with 

ASTM D2321, ASTM F1962, AWWA C906 and the manufacturer's recommendations. 

 

B. JOINING: 

 

Pipe and fittings shall be joined into continuous lengths on the job site above ground.  

Unless otherwise specified, joining shall by the butt-fusion method performed in accordance 

with the pipe manufacturer's recommendations and ASTM D2657.  Socket fusion, extrusion 

welding and hot gas welding shall not be used. 

 

The pipe supplier shall be consulted to obtain machinery and expertise for the joining by 

butt-fusion of HDPE pipe and fittings.  No pipe or fittings shall be joined by fusion by any of the 

Contractor's personnel unless they are adequately trained and qualified in the techniques 

involved.  Butt fusion joining shall yield a joint strength equal to or greater than the tensile 

strength of the pipe. 

 

Romac alpha, restrained joint couplings with standard gaskets will be used to make 

connections to PVC pipe where specified. 
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C. TRENCH EXCAVATION: 

 

Trenches shall be excavated to ensure that sides will be stable under all working 

conditions. Trench walls or supports shall comply with all local and national standards for safety. 

 

D. LOCATION AND ALIGNMENT: 

 

Pipe and fittings shall be placed in the trench with the invert conforming to the 

elevations, slopes, and alignments shown. 

 

E. BEDDING AND BACKFILL: 

 

Materials used for bedding and backfill shall be as specified in Section 02200 and as 

shown. 

 

Place materials by methods that will not disturb or damage the pipe.  All HDPE pipe shall 

be at the temperature of the surrounding soil at the time it is backfilled and compacted.  Work in 

and tamp the bedding material in the area under the pipe and up to the spring line before placing 

and compacting the remainder of the embedment.  Blocking under the pipe shall not be 

permitted. 

 

Use compaction equipment and techniques that are compatible with materials specified 

and location in the trench.  Before using heavy compaction or construction equipment directly 

over the pipe, place sufficient backfill to prevent damage, excessive deflections, or other 

disturbances of the pipe. 

 

3.03 TESTING 

 

A. HYDROSTATIC PRESSURE TESTING:  

 

HDPE piping systems shall be fully pressure tested prior to placing the line into service.  

Water shall be the test medium for hydrostatically testing the pipe.  Test procedures shall be 

conducted in accordance with Paragraph 3.09 of the Navajo Area Standards & Construction 

Requirements (See Appendix D), and at pressures listed in Section 15050.  In case of conflict, 

the following procedures shall apply. 

 

Cover the pipe at intervals and/or at curves if necessary to hold the pipe in place during 

testing.  Connections shall be left exposed for visual leak inspection. 

 

After all free air is removed from the test section, the pressure in the pipe shall be raised 

at a steady rate to the required pressure.  The pressure in the section shall be measured at the 

lowest point of the test section. Test pressure shall be as specified in Section 15050.  The initial 

pressure shall be applied and allowed to stand without makeup pressure for 2-3 hours to allow 
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for diametric expansion or pipe stretching to stabilize.  After the equilibrium period, the test 

section shall be returned to the required test pressure and held for 3 hours.  Amounts of makeup 

water allowable for expansion during the pressure test shall be as listed in the Plastic Pipe 

Institute Technical Report TR 31-88.  No visual leaks or pressure drops shall be observed during 

the final test period. 

 

B. DEFLECTION TESTING: 

 

1. GENERAL:  Deflection testing shall be performed on the entire length of 

installed pipe no sooner than 30 days after completion of work adjacent to and over the pipeline, 

including leakage tests, backfilling, placement of fill, grading, paving, concreting, and any other 

superimposed loads.  Deflection of pipe and fittings in the installed pipeline under external loads 

shall not exceed the maximum deflection specified in paragraph 15065-1.01 B.  Either of the 

following devices and procedures may be used to measure deflection. 

 

2. PULL-THROUGH DEFLECTION TESTING:  The Contractor shall 

determine whether the allowable deflection has been exceeded by use of a pull-through device. 

 

a. PULL-THROUGH DEVICE:  This device shall be a spherical, 

spheroidal, or elliptical ball, a cylinder, or circular sections fused to a common shaft.  Circular 

sections shall be so spaced on the shaft that distance from external faces of front and back 

sections will equal or exceed diameter of the circular section.  Pull-through device may also be 

of a design promulgated by the Uni-Bell Plastic Pipe Association, provided that the device meets 

the applicable requirements specified in this paragraph, including those for diameter of the 

device.  Ball, cylinder, or circular sections shall conform to the following:  

 

(1) A diameter, or minor diameter as applicable, equal to the 

average inside diameter of the pipe minus the dimension 

equivalent of the maximum installed deflection specified in 

paragraph 15065-1.01 B.  A tolerance of plus 0.5 percent in 

the diameter of the test device will be permitted. 

 

(2) A homogeneous material throughout, with a density greater 

than 1.0 as related to water at 39.2 degrees F, and a surface 

Brinell hardness of not less than 150.  

 

(3) Center bored and through bolted with a 1/4-inch minimum 

diameter steel shaft having a yield strength of not less than 

70,000 pounds per square inch, with eyes or loops at each 

end for attaching pulling cables. 

 

(4) Each eye or loop shall be suitably backed with a flange or 

heavy washer such that a pull exerted on opposite end of 

shaft will produce compression throughout remote end.   
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b. PULL-THROUGH DEVICE PROCEDURE:  Pass the pull-

through device through each run of pipe, either by pulling it through or flushing it through with 

water.  If the device fails to pass freely through a pipe run, replace pipe which has the excessive 

deflection and completely retest in same manner and under same conditions as specified. 

 

3. DEFLECTION DEVICE:  The Contractor shall determine whether the 

allowable deflection has been exceeded by use of a deflection measuring device. 

 

a. DEFLECTION MEASURING DEVICE:  This device shall be 

sensitive to 1.0 percent of the diameter of the pipe being tested and accurate to 1.0 percent of the 

indicated dimension.  The deflection measuring device shall be approved by the Construction 

Manager prior to use. 

 

b. DEFLECTION MEASURING DEVICE PROCEDURE:  Measure 

deflections through each run of installed pipe.  If deflection readings in excess of the maximum 

allowable specified in paragraph 15065-1.01 B are obtained, retest pipe by a run from the 

opposite direction.  If retest continues to show a deflection in excess of the allowable, remove 

pipe which has excessive deflection, replace with new pipe, and completely retest in the same 

manner and under the same conditions. 

 

 

3.05 DISINFECTION 

 

A. Disinfection of HDPE piping shall be in accordance with the Navajo Area 

Standards & Construction Requirements, AWWA C651, and as specified in Section 15050. 

 

** END OF SECTION ** 
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SECTION 15075 

 

JOINT GASKETS 

 

 

PART 1--GENERAL 

 

1.01 DESCRIPTION 

 

 This section specifies rubber gaskets for push-on compression type joints used with 

fabricated steel pipe, steel pipe, reinforced concrete pipe, concrete cylinder pipe, and cement mortar 

lined and coated steel pipe. 

 

1.02 QUALITY ASSURANCE 

 

 A. REFERENCES: 

 

 This section contains references to the following documents.  They are a part of this section 

as specified and modified.  Where a referenced document contains references to other standards, 

those documents are included as references under this section as if referenced directly.  In the event 

of conflict between the requirements of this section and those of the listed documents, the 

requirements of this section shall prevail. 

 

 Unless otherwise specified, references to documents shall mean the documents in effect 

at the time of Advertisement for Bids or Invitation to Bid (or on the effective date of the 

Agreement if there were no Bids).  If referenced documents have been discontinued by the 

issuing organization, references to those documents shall mean the replacement documents 

issued or otherwise identified by that organization or, if there are no replacement documents, the 

last version of the document before it was discontinued.  Where document dates are given in the 

following listing, references to those documents shall mean the specific document version 

associated with that date, regardless of whether the document has been superseded by a version 

with a later date, discontinued or replaced. 

 

Reference Title 

ASTM D395 Rubber Property--Compression Set, Test for 

ASTM D412 Rubber Properties in Tension, Test for 

ASTM D471 Rubber Property--Effect of Liquids, Test for 

ASTM D573 Rubber--Deterioration in an Air Oven, Test for 

ASTM D1149 Rubber Deterioration--Surface Ozone Cracking in a Chamber 

(Flat Specimens), Test for 

ASTM D2240 Rubber Property--Durometer Hardness, Test for 
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 B. TESTING: 

 

 Certified copies of test reports indicating that the gasket material has been tested and that the 

results of the tests comply with the requirements specified in paragraph 15075-2.02 shall be 

provided as product data. 

 

1.03 SUBMITTALS 

 

 Manufacturer's product data shall be provided in accordance with Section 01300.  

 

In accordance with Section 01300, the CONTRACTOR shall provide certified copies of test 

reports specified in paragraph 15075-1.02 B. 

 

 

PART 2--PRODUCTS 

 

2.01 MATERIALS 

 

 Gasket stock shall be a synthetic rubber compound in which the elastomer is neoprene.  The 

compound shall contain no less than 50 percent by volume neoprene and shall be free from factice, 

reclaimed rubber and other deleterious substances. 

 

2.02 PHYSICAL REQUIREMENTS 

 

 The compound shall meet the following physical requirements when tested in accordance 

with the specified ASTM standards. 

 

 A. TENSILE (ASTM D412): 

 

 The tensile strength shall be 1500 psi minimum and the ultimate elongation shall be 

350 percent minimum. 

 

 B. HARDNESS (ASTM D2240, TYPE A DUROMETER): 

 

 The compound shall have a hardness in the range of 35 to 50 for concrete spigots and 50 to 

65 for steel spigots. 

 

 C. COMPRESSION SET (ASTM D395): 

 

 The compression set shall not exceed 20 percent when compressed for 22 hours at 70 

degrees C. 

 

 The test specimens shall be circular discs cut from the gaskets.  Test specimens shall be 

0.500 (+ 0.005 - 0.025) inches in height.  The diameter of the test specimen shall be that of the 

gasket but not to exceed 1.129 + 0.010 inches in diameter. 
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 D. AGING (ASTM D573): 

 

 The test specimen deterioration shall be less than 20 percent reduction in tensile strength, 40 

percent reduction in ultimate elongation, and 15 points increase in hardness. 

 

 E. EFFECT OF LIQUIDS (ASTM D471): 

 

 The maximum volume change in oil and in water shall be as follows: 

 

  1. Oil:  100 percent in ASTM oil No. 3. 

 

  2. Water:  15 percent. 

 

The test specimens shall have a thickness of 0.080 +0.005 inches and shall be circular discs 

cut from the gasket. 

 

 F. OZONE CRACKING (ASTM D1149): 

 

 The test specimen shall be a gasket loop mounted to give at least 20 percent elongation.  

There shall be no cracking visible at two times magnification of the gasket after 100 hours exposure 

to 1 mg/l ozone at 40 degrees C. 

 

 

PART 3--EXECUTION 

 

 The gaskets shall be installed in accordance with the manufacturer's recommendations. 

 

 

**END OF SECTION** 
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SECTION 15085 

 

PIPING CONNECTIONS 

 

PART 1--GENERAL 

 

1.01 DESCRIPTION 

 

 This section specifies the following methods of connecting metallic piping:  flanges, 

threading, mechanical couplings, equipment connection fittings, dielectric unions, and welding. 

 

1.02 REFERENCES 

 

 This section contains references to the following documents.  They are a part of this section 

as specified and modified.  Where a referenced document contains references to other standards, 

those documents are included as references under this section as if referenced directly.  In the event 

of conflict between the requirements of this section and those of the listed documents, the 

requirements of this section shall prevail. 

 

 Unless otherwise specified, references to documents shall mean the documents in effect 

at the time of Advertisement for Bids or Invitation to Bid (or on the effective date of the 

Agreement if there were no Bids).  If referenced documents have been discontinued by the 

issuing organization, references to those documents shall mean the replacement documents 

issued or otherwise identified by that organization or, if there are no replacement documents, the 

last version of the document before it was discontinued.  Where document dates are given in the 

following listing, references to those documents shall mean the specific document version 

associated with that date, regardless of whether the document has been superseded by a version 

with a later date, discontinued or replaced. 

 

Reference Title 

ANSI Bl.1 Unified Inch Screw Threads (UN and UNR Thread Form) 

ANSI Bl.20.1 Pipe Threads, General Purpose (Inch) 

ANSI B16.1 Cast Iron Pipe Flanges and Flanged Fittings 

ANSI B16.5 Pipe Flanges and Flanged Fittings 

ANSI B18.2.1 Square and Hex Bolts and Screws Inch Series 

ANSI B18.2.2 Square and Hex Nuts (Inch Series) 

ANSI B31.1 Power Piping 

ANSI B31.3 Chemical Plant and Petroleum Refinery Piping 

ASME Section IX Boiler and Pressure Vessel Code; Welding and Brazing Procedures, 

Welders, Brazers, and Welding and Brazing Operators Qualifications 

ASTM B98 Copper-Silicon Alloy Rod, Bar and Shapes 
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Reference Title 

ASTM F37 Standard Test Methods for Sealability of Gasket Materials 

ASTM F104 Standard Classification System for Nonmetallic Gasket Materials 

ASTM F152 Standard Test Methods for Tension Testing of Nonmetallic Gasket 

Materials 

ASTM F593 Stainless Steel Bolts, Hex Cap Screws, and Studs 

AWWA C111 Rubber-Gasket Joints for Ductile-Iron Pressure Pipe and Fittings 

AWWA C206 Field Welding of Steel Water Pipe 

AWWA C207 Steel Pipe Flanges for Waterworks Service-Size 4 in. through 144 in. 

AWWA C219 Bolted, Sleeve-Type Couplings for Plain-End Pipe 

AWWA C550 Protective Epoxy Coatings for Valves and Hydrants 

AWWA C606 Grooved and Shouldered Joints 

AWWA M11 Steel Pipe-A Guide for Design and Installation 

NSF 61 Drinking Water System Components - Health Effects 
 

1.03 SUBMITTALS 

 

In addition to the material listed in the detailed specification, the following submittals 

shall be provided in accordance with Section 01300: 

 

1. For Equipment Connection Fittings used in pumping applications submit 

thrust rod stretch calculations in accordance with paragraph 2.01D. and 

dimensional layout data. 
 

PART 2--PRODUCTS 

 

2.01 FLANGE ASSEMBLIES 

 

 A. FLANGES: 

 

  1.  GENERAL:  Flanges shall either be flat flanges or convoluted ring flanges 

as specified in the following paragraphs.  

 

  2. FLAT FLANGES:  Cast iron flanges shall be faced in accordance with 

ANSI B16.1.  Where companion flanges are used, the flanges on pipe shall be refaced to be flush 

with the companion flange face.  Class 150 and Class 300 forged steel flanges shall be raised face 

conforming to ANSI B16.5.  Lightweight slip-on flanges shall be plain face conforming to AWWA 

C207, Class B and ANSI B16.5.  Unless otherwise specified, steel flanges shall be ANSI B16.5, 

Class 150 or AWWA C207, Class D.  Class E AWWA flanges shall be provided where test 

pressure exceeds 175 psi.  Plain faced flanges shall not be bolted to raised face flanges. 
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  3. CONVOLUTED RING FLANGES:  Convoluted ring flanges shall be 

ductile iron, forged steel or cast stainless steel, designed to bear on hubs welded to the pipe and shall 

be as manufactured by Improved Piping Products.  The Construction Manager knows of no equal.  

The flange joints shall be rated for not less than 150 percent of the test pressures listed in Section 

15050 and shall conform to the requirements of ANSI B 16.5 and AWWA C207.  The flange 

manufacturer shall be prepared to demonstrate, by certified pressure test that the flanges will meet 

these requirements.  

 

 B. GASKETS: 

 

 Gasket material shall be as specified in paragraph 15085-2.03. 

 

 Gaskets for plain faced flanges shall be the full face type.  Thickness shall be 1/16 inch for 

pipe 10 inches and less in diameter and 1/8 inch for pipe 12 inches and larger in diameter.  Unless 

otherwise specified, gaskets for raised face flanges shall match the raised face and shall be 1/16 inch 

thick for pipe 3-1/2 inches and less in diameter and 1/8 inch thick for pipe 4 inches and larger. 

 

 C. BOLTS: 

 

 Flange assembly bolts shall be ANSI B18.2.1 standard square or hexagon head bolts with 

ANSI B18.2.2 standard hexagon nuts.  Threads shall be ANSI Bl.1, standard coarse thread series; 

bolts shall be Class 2A, nuts shall be Class 2B.  Bolt length shall conform to ANSI B16.5. 

 

 Unless otherwise specified, bolts shall be carbon steel machined bolts with hot pressed 

hexagon nuts.  Bolts for submerged service shall be made of Type 316 stainless steel in 

conformance with ASTM F593, marking F593F.  Nuts for submerged service shall be made of 

copper-silicon alloy bronze conforming to ASTM B98, alloy C65100, designation H04 or alloy 

C65500, designation H04.  Bolts and nuts for buried service shall be made of noncorrosive high-

strength, low-alloy steel having the characteristics specified in ANSI/AWWA C111/A21, regardless 

of any other protective coating.  Where washers are required, they shall be of the same material as 

the associated bolts. 

 

2.02 MECHANICAL COUPLINGS 

 

 A. SLEEVE-TYPE COUPLINGS: 

 

 Unless otherwise specified, sleeve-type mechanical pipe couplings shall be Romac Style 

501, Dresser Style 38, or equal, with the stop removed from the middle ring.   

 

 Bolts for submerged service shall be made of Type 316 stainless steel in conformance with 

ASTM F593, markingF593F.  Nuts for submerged service shall be made of copper-silicon alloy 

bronze conforming to ASTM B98, alloy C65100, designation H04, or alloy C65500, designation 

H04.  Bolts and nuts for buried service shall be made of noncorrosive high-strength, low-alloy steel 
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having the characteristics specified in ANSI/AWWA C111/A21, regardless of any other protective 

coating.  Where washers are required, they shall be of the same material as the associated bolts. 

 

 Gaskets shall be as specified in paragraph 15085-2.03 and AWWA C111. 

 

B. EQUIPMENT CONNECTION FITTINGS 

 

Equipment connection fittings shall provide both lateral and angular misalignment 

adjustment between equipment connection flanges and the connection to field piping systems by 

providing individually adjustable flexible joints at each connection.  In addition, equipment 

connection fittings shall provide full pressure thrust restraint between the field piping connection 

and equipment connection flanges.   

 

Equipment connection fittings shall consist of two flanged coupling adapters, a plain end 

section of pipe and thrust restraint rods and associated fittings designed to transmit thrust without 

transmitting shear to the thrust restraint rods and without compromising provisions for 

accommodating angular and parallel misalignment.  Materials and features shall conform to the 

requirements established in this paragraph.  Standard “dismantling joints” incorporate only one 

flanged coupling adapter and are not acceptable substitutes.  Equipment connection fittings shall 

be Romac ECF Series, or Baker Coupling Company, Los Angeles or equal, modified as specified 

to provide the required features. 

  

Equipment connection fittings shall each consist of a single sleeve of plain end piping 

conforming to the requirements of the specified piping system of sufficient length to span the 

gap between the connection at the equipment and the connection at the field piping with gasketed 

flange adapters at each end.  Thrust restraint shall be provided by means of all threaded rod 

spanning between flanges and male rod nuts and female washers that are rounded to provide a 

ball-joint type self aligning feature.  All threaded restraint rod shall project through flange and 

mating flange coupling adapter bolt holes or through holes in restraint lug plates that extend 

above the flanges and are secured to the flanges with a minimum of two flange bolts.  Where the 

all threaded rods project through flange bolt holes, ball joint type nut and washer combinations 

and lock washers shall be provided at each face, each end.  Where restraint lug plates are 

employed, ball joint type nuts and washers shall be provided only on the outside faces of the 

plates and the nuts shall have a self locking feature that prevents nut movement due to vibration 

or other operational or environmental causes.  Double nutting with non-locking nuts shall not be 

an acceptable method of providing the self locking feature.  Thrust rod diameter and material 

shall be selected to provide sufficient freedom of movement through all bolt holes to allow 

unrestricted maximum adjustment of equipment connection fittings to accommodate piping 

misalignment without transmitting any shear to the thrust rods and also to permit full 

development of thrust restraint at all thrust rod tension take-ups.  Design of equipment 

connection fittings shall conform to AWWA C219. 

 

Thrust rods, restraint lug plates, nuts, washers and lock washers shall be Type 316 

stainless steel, all selected to develop full rated piping system pressure thrust forces.  Equipment 

connection fittings for pump applications shall have thrust rod number and diameter selected 
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such that thrust rod stretch under piping system operating pressure does not exceed 2 mils.  

Calculations shall be submitted.  Dry film molybdenum di-sulfide anti-galling compound shall 

be factory applied to ends of thrust rods, covering all threads subject to nut travel and tightening.  

Gaskets shall be as specified in paragraph 15085-2.03.  Flange gaskets shall be full face type.  

Follower gaskets shall be compression wedge type.   

 

Sleeves shall be carbon steel or as specified for the specific piping system.  Pressure 

rating of flange adapters shall equal or exceed the pressure rating of mating flanges. All metal 

portions of equipment connection fittings, with the exception of 316 stainless steel components, 

shall be coated and lined with fusion bonded epoxy conforming to AWWA C550 and NSF 61.  

  

 

C. FLEXIJOINT 

 

Where specified Flexijoint couplings shall be Flanged Romac Flexijoint couplings. The 

Flexijoint is a flexible, ductile iron joint that can accommodate expansion, contraction, rotation 

and bending and is rated at 350 psi working pressure.  The joint can accommodate 15 to 20 

degree deflection depending on size.  Body shall be ductile iron, lock rings Type 410 stainless 

steel, and ring gasket, casing, ball and cover shall be EPDM molded watertight construction.  All 

metal portions of Flexijoint coupling including the stainless steel lock rings shall be coated and 

lined with fusion bonded epoxy conforming to AWWA C550 and NSF 61.  For buried 

installations, install with polyethylene baggy cover in accordance with the manufacturer’s 

instructions. 

 

2.03 GASKETS 

 

 Gaskets designated in Section 15050 shall be as follows: 

 

  1. EPDM:  ethylene-propylene-diene-terpolymer.   

 

  2. Neoprene:  neoprene. 

 

  3. Nitrile:  nitrile (Buna N). 

 

  4. Compressed gasketing consisting of organic fibers (Kevlar) and neoprene 

binder; ASTM F104 (F712400), 2500 psi (ASTM F152), 0.2 ML/HR 

LEAKAGE FUEL A (ASTM F37). 

 

  5. Compressed gasketing consisting of organic fibers (Kevlar) and SBR binder; 

ASTM F104 (F712400), 2500 PSI (ASTM F152), 0.1 ml/hr leakage Fuel A 

(ASTM F37). 

 

  6. Gylon gasketing, Garlock Style 3500, 2000 psi (ASTM F152), 0.22 ml/hr 

Fuel A (ASTM F37). 
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  7. Gylon gasketing, Garlock Style 3510, 2000 psi (ASTM F152), 0.04 ml/hr 

Fuel A (ASTM F37). 

 

  8. Gylon gasketing, Garlock Style 3504, 2000 psi (ASTM F152), 0.12 ml/hr 

Fuel A (ASTM F37). 

 

  9. TFE:  noncreeping tetrafluoroethylene (TFE) with insert filler. 

 

  10. PTFE bonded EPDM:  PTFE bonded to EPDM in full-face gasket having 

concentric-convex molded rings; Garlock Stress Saver 370 or equal. 

 

2.04 THREAD 

 

 Pipe thread dimensions and size limits shall conform to ANSI Bl.20.1. 

 

2.05 DIELECTRIC INSULATING JOINT 

 

 Dielectric insulating joints and flange spacers shall be Spears or approved equal with bolt 

insulators. 

 

2.06 COATINGS 

 

 Unless otherwise specified, flange assemblies and mechanical type couplings for buried 

installation shall be field coated with System M-1 as specified in Section 09900. 

 

 

PART 3--EXECUTION 

 

3.01 PIPE CUTTING, THREADING AND JOINTING 

 

 Pipe cutting, threading and jointing shall conform to the requirements of ANSI B31.1. 

 

3.02 PIPE WELDING – NOT USED 

 

  

 

3.03 TAKEDOWN COUPLINGS 

 

 Takedown couplings shall be screw unions, flanged or grooved end mechanical coupling 

type joints and shall be provided as specified.  Flanged or grooved end joints shall be employed on 

pipelines 2-1/2 inches in diameter and larger.  Where piping passes through walls, takedown 

couplings shall be provided within 3 feet of the wall, unless specified otherwise. 

 

 A union or flanged connection shall be provided within 2 feet of each threaded end valve. 
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3.04 FLEXIBILITY 

 

 Unless otherwise specified, piping passing from concrete to earth shall be provided with two 

pipe couplings or flexible joints (or a single Flexijoint) as specified on the buried pipe within 2 feet 

of the structure for 2-inch through 6-inch diameter pipe; within 3 feet of the structure for 8-inch 

through 24-inch diameter pipe; and within one and one-half pipe diameters of the structure for 

larger pipe.  Where required for resistance to pressure, mechanical couplings shall be restrained in 

accordance with Chapter 13 of AWWA M11, including Tables 13-4, 13-5 and 13-5A, and Figure 

13-20. 

 

 

3.05 EQUIPMENT CONNECTION FITTINGS 

 

Where shown, equipment connection fittings shall be provided between field piping 

systems and equipment inlet and outlet connections.   

 

** END OF SECTION** 
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SECTION 15096 

 

PIPE HANGERS AND SUPPORTS 

 

 

PART 1--GENERAL  

 

1.01 DESCRIPTION  

 

 A. SCOPE:  

 

 This section specifies hangers and supports for all piping systems specified in Section 

15050.  This section does not include pipe supports for fire sprinkler systems, pipe anchors, guides 

or seismic restraints.  

 

 B. OPERATING CONDITIONS:  

 

 The hangers and supports specified in this section are provided to resist pipe loads occurring 

primarily in the downward (gravity) direction.  For the purpose of pipe hanger and support 

selection, this section establishes pipe support classifications based on the operating temperatures of 

the piping contents.  Pipe support classifications are as follows:  

 

  1. Hot Systems  

 

   A - 1.  120 degrees F to 450 degrees F 

   A - 2.  451 degrees F to 750 degrees F 

   A - 3.  Over 750 degrees F  

 

  2.   Ambient Systems  

 

   B.  60 degrees F to 119 degrees F 

 

  3.   Cold Systems  

 

   C - 1.  33 degrees F to 59 degrees F  

   C - 2.  -20 degrees F to 32 degrees F  

 

 C.   HANGER AND SUPPORT SELECTION: 

 

 The CONTRACTOR shall select pipe hangers and supports as specified in the project 

manual.  Selections shall be based upon the pipe support classifications specified in this section, the 

piping insulation thickness specified in Section 15250, and any special requirements which may be 

specified in the project manual. 
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 The CONTRACTOR shall review the piping layout in relation to the surrounding structure 

and adjacent piping and equipment before selecting the type of support to be used at each hanger 

point. 

 

 Hangers and supports shall withstand all static and specified dynamic conditions of loading 

to which the piping and associated equipment may be subjected.  As a minimum, consideration shall 

be given to the following conditions: 

 

1. Weights of pipe, valves, fittings, insulating materials, suspended hanger 

components, and normal fluid contents. 

 

2. Weight of hydrostatic test fluid or cleaning fluid if normal operating fluid 

contents are lighter. 

 

  3. Reaction forces due to the operation of safety or relief valves. 

 

  4. Wind, snow or ice loadings on outdoor piping. 

 

 Hangers and supports shall be sized to fit the outside diameter of pipe, tubing, or, where 

specified, the outside diameter of insulation.  

 

 Where negligible movement occurs at hanger locations, rod hangers shall be used for 

suspended lines, wherever practical.  For piping supported from below, bases, brackets or structural 

cross members shall be used.  

 

 Hangers for the suspension of size 2 1/2 inches and larger pipe and tubing shall be capable 

of vertical hanger component adjustment under load.  

 

 The supporting systems shall provide for and control the free or intended movement of the 

piping including its movement in relation to that of connected equipment. 

 

 Where there is horizontal movement at a suspended type hanger location, hanger 

components shall be selected to allow for swing.  The vertical angle of the hanger rod shall not, at 

any time, exceed 4 degrees.  

 

 There shall be no contact between a pipe and hanger or support component of dissimilar 

metals.  Prevent contact between dissimilar metals when supporting copper tubing by use of copper-

plated, rubber, plastic or vinyl coated, or stainless steel hanger and support components. 

 

 Unless otherwise specified, existing pipes and supports shall not be used to support new 

piping. 

 

 Unless otherwise specified, pipe support components shall not be attached to pressure 

vessels. 
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 Stock hanger and support components shall be used wherever practical. 

 

1.02   REFERENCES 

 

 This section contains references to the following documents.  They are a part of this section 

as specified and modified.  Where a referenced document contains references to other standards, 

those documents are included as references under this section as if referenced directly.  In the event 

of conflict between the requirements of this section and those of the listed documents, the 

requirements of this section shall prevail. 

 

 Unless otherwise specified, references to documents shall mean the documents in effect 

at the time of Advertisement for Bids or Invitation to Bid (or on the effective date of the 

Agreement if there were no Bids).  If referenced documents have been discontinued by the 

issuing organization, references to those documents shall mean the replacement documents 

issued or otherwise identified by that organization or, if there are no replacement documents, the 

last version of the document before it was discontinued.  Where document dates are given in the 

following listing, references to those documents shall mean the specific document version 

associated with that date, regardless of whether the document has been superseded by a version 

with a later date, discontinued or replaced. 

 

Reference Title 

AISC Manual of Steel 

Construction 

American Institute of Steel Construction, Manual of 

Steel Construction, Allowable Stress Design - 9th Ed. 

FEDSPEC WW-H-171e-78 Hangers and Supports, Pipe  

MFMA-2-91 Metal Framing Standards Publication 

MSS SP-69-91 Pipe Hangers and Supports - Selection and 

Application  

MSS SP-58-93 Pipe Hangers and Supports - Materials, Design and 

Manufacture 

 

1.03   SUBMITTALS 

 

 Hanger and support locations and components shall be indicated on the piping layout 

drawings required by paragraph 15050-1.03. 

 

 

PART 2--PRODUCTS  

 

2.01   ACCEPTABLE PRODUCTS  

 

 Standard pipe supports and components shall be manufactured by B-Line, Carpenter & 

Patterson, Kin-Line, Grinnell, Michigan, Pipe Shields Incorporated, Superstrut, Unistrut, or equal.  
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Pipe support components shall conform to the requirements of MSS SP-69 and FEDSPEC WW-H-

171e.  Pipe support materials shall conform to the requirements of MSS SP-58.  Metal framing 

system components shall conform to the metal framing manufacturers' Association Standard 

MFMA-2. 

 

2.02   MATERIALS  

 

 A. GENERAL: 

 

 Unless otherwise specified, pipe hangers and supports, structural attachments, fittings and 

accessories shall be hot-dip or mechanically galvanized after fabrication.  Nuts, bolts and washers 

may be zinc-plated except for those subject to moisture or corrosive atmosphere, as specified in 

paragraph 16000-1.05 B, which shall be type 304 stainless steel. 

 

  B.   PIPE HANGERS AND SUPPORTS:  

 

  1.   TYPE 1 - CLEVIS PIPE HANGER:  Clevis hangers shall be carbon steel 

with configuration and components equivalent to MSS and FEDSPEC Type 1.  

 

a. Steel pipe (insulated) - shall be B-Line B3100, Grinnell Fig. 260, or 

equal, with insulation shield. 

 

b. Steel pipe (uninsulated) - shall be B-Line B3100, Grinnell Fig. 260, 

or equal. 

 

c. Cast and ductile iron pipe - shall be B-Line B3102, Grinnell Fig. 590, 

or equal. 

 

d. Copper pipe (uninsulated) - shall be B-Line B3104 CT, Grinnell Fig. 

CT-65, or equal. 

 

e. Copper pipe (insulated) - shall be B-Line B3100, Grinnell Fig. 260, 

or equal, with insulation shield. 

 

f. Plastic pipe - shall be B-Line B3100 C, Carpenter & Patterson Fig. 

100PVC, or equal. 

 

  2.   TYPE 2 - "J" PIPE HANGER:  Hangers shall be carbon steel with 

configuration and components equivalent to MSS Type 5. 

  

a. Steel pipe - shall be B-Line B3690, Grinnell Fig. 67, Michigan 

model 418, or equal. 

 

b. Copper and plastic pipe - shall be Michigan model 419, Unistrut J 

1205N series, or equal. 
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  3.   TYPE 3 - DOUBLE BOLT PIPE CLAMP:  Pipe clamp shall be carbon 

steel, with configuration and components equivalent to MSS and FEDSPEC Type 3. 

 

a. Steel pipe (insulated) - shall be B-Line B3144, Grinnell Fig. 295, or 

equal, with insulation shield.  Insulation shield is optional for hot and 

ambient systems. 

 

b. Steel pipe (uninsulated) - shall be B-Line B3144, Grinnell Fig. 295, 

or equal. 

 

c. Copper pipe (insulated only) - shall be B-Line B3144, Grinnell 

Fig. 295, or equal, with insulation shield. 

 

  4.   TYPE 4 - ADJUSTABLE ROLLER HANGER:  Rollers shall be cast iron, 

yoke and cross bolt shall be carbon steel.  Configuration and components shall be equivalent to 

MSS Type 43 and FEDSPEC Type 44. 

 

a. Steel pipe (insulated) - shall be B-Line B3110, Grinnell Fig. 181, or 

equal, with insulation shield.  

 

b. Steel pipe (uninsulated) - shall be B-Line B3110, Grinnell Fig. 181, 

or equal. 

 

c. Copper pipe (insulated only) - shall be B-Line B3110, Grinnell Fig. 

181, or equal, with insulation shield. 

 

   d. Plastic pipe - shall be B-Line B3110, Grinnell Fig. 181, or equal. 

 

  5.   TYPE 5 - SINGLE PIPE ROLL:  Rollers and sockets shall be cast iron, 

cross rod shall be steel.  Configuration and components shall be equivalent to MSS Type 41 and 

FEDSPEC Type 42. 

 

a. Steel pipe (insulated) - shall be B-Line B3114, Grinnell Fig. 171, or 

equal, with insulation shield. 

 

b. Steel pipe (uninsulated) - shall be B-Line B3114, Grinnell Fig. 171, 

or equal. 

 

   c. Plastic pipe - shall be B-Line B3114, Grinnell Fig. 171, or equal. 

 

  6.   TYPE 6 - FRAMING CHANNEL PIPE CLAMP:  Pipe clamps shall be steel 

with galvanized finish and material thickness as listed below: 

 



 Pipe Hangers and Supports  

 15096-6 

Dilkon Pass Booster 

Contract Issue 

a. Steel pipe (uninsulated) - Pipe size 3/8 inch and 1/2 inch shall be 16 

gage; 3/4 inch through 1 1/4 inches shall be 14 gage; 1 1/2 inches 

through 3 inches shall be 12 gage; 3 1/2 inches through 5 inches shall 

be 11 gage; 6 and 8 inches shall be 10 gage; Michigan model 431, 

Powerstrut PS 1100, Unistrut P 1109 series, or equal. 

 

b. Steel pipe (insulated) - Pipe clamp shall be as described in paragraph 

15096-2.02 B.6.a with insulation shield. 

 

c. Copper (uninsulated) and plastic pipe - Pipe size 3/8 inch and 1 inch 

shall be 16 gage; 1-1/4 inches and 1-1/2 inches shall be 14 gage; 

2 inches through 3 inches shall be 12 gage; 4 inches shall be 11 gage; 

clamp shall be copper-plated, plastic coated or lined with dielectric 

material; Michigan model 432, Powerstrut PS 1200, Unistrut P 

2024C and P 2024PC series, or equal. 

 

d. Copper pipe (insulated) - Pipe clamp shall be as described in 

paragraph 15096-2.02 B.6.a with insulation shield. 

 

  7.   TYPE 7 - U-BOLT:  U-bolts shall be carbon steel with configuration 

equivalent to MSS and FEDSPEC Type 24. 

 

a. Steel pipe (uninsulated) - shall be Grinnell Fig. 137, B-Line B3188, 

or equal. 

 

b. Steel pipe (insulated) - shall be Grinnell Fig. 137, B-Line B3188, or 

equal, with insulation shield. 

 

c. Cast and ductile iron pipe - shall be Grinnell Fig. 137, B-Line B3188, 

or equal. 

 

d. Copper pipe (uninsulated) - shall be Carpenter & Patterson Fig. 222 

CT, B-Line B3501 CT, Grinnell Fig. 137C, or equal. 

 

e. Copper pipe (insulated) - shall be Grinnell Fig. 137, B-Line B3188, 

or equal, with insulation shield. 

 

f. Plastic pipe - shall be Grinnell Fig. 137C, Michigan model 151, B-

Line B3188 C, or equal. 

 

  8.   TYPE 8 - ADJUSTABLE DOUBLE ROLLER SUPPORT:  Rollers shall be 

non-metallic with hot-dip galvanized sockets and stainless steel hardware. 

 

a. Stainless Steel pipe - shall be B-Line B3122ANM adjustable double 

roller guide, or equal. 
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  9. TYPE 9 - WELDED PIPE STANCHION:  Minimum material thickness 

shall be standard schedule carbon steel pipe, cut to match contour of the pipe elbow.  Use of this 

support shall be limited to ambient systems only.  

 

  10.   TYPE 10 - PIPE STANCHION SADDLE:  Saddles and yokes shall be 

carbon steel and comply with MSS Type 37 and FEDSPEC Type 38. 

 

a. Steel pipe (insulated) - shall be Carpenter & Patterson Fig. 125, B-

Line B3090, or equal, with insulation shield.  

 

b. Steel pipe (uninsulated) - shall be Carpenter & Patterson Fig. 125, B-

Line B3090, or equal. 

 

c. Cast and ductile iron pipe - shall be Carpenter & Patterson Fig. 125, 

B-Line B3090 NS, or equal. 

 

d. Copper pipe (uninsulated) - shall be Carpenter & Patterson Fig. 125, 

B-Line B3090, or equal, with insulation shield or lined with 

dielectric material. 

 

e. Copper pipe (insulated) - shall be Carpenter & Patterson Fig. 125, B-

Line B3090, or equal, with insulation shield.  

 

f. Plastic pipe - shall be Carpenter & Patterson Fig. 125, B-Line B3090, 

or equal. 

 

  11.   TYPE 11 - OFFSET PIPE CLAMP:  Pipe clamp shall be carbon steel with 

configuration and components as specified and shall be of standard design manufactured by a pipe 

hanger component manufacturer. 

 

a. Steel pipe (insulated) - shall be B-Line B3148, Grinnell Fig. 103, or 

equal, with insulation shield. 

 

b. Steel pipe (uninsulated) - shall be B-Line B3148, Grinnell Fig. 103, 

or equal. 

 

c. Cast and ductile iron pipe - shall be B-Line B3148 NS, Grinnell Fig. 

103, or equal. 

 

d. Copper pipe (insulated) - shall be B-Line B3148, Grinnell Fig. 103, 

or equal, with insulation shield. 

 

e. Copper pipe (uninsulated) - shall be B-Line B3148, Grinnell Fig. 

103, or equal, lined with dielectric material. 



 Pipe Hangers and Supports  

 15096-8 

Dilkon Pass Booster 

Contract Issue 

 

   f. Plastic pipe - shall be B-Line B3148, Grinnell Fig. 103, or equal. 

 

 Vertical pipe support applications shall be as specified above except that insulation shields 

shall not be used for insulated pipe. 

 

  12.   TYPE 12 - RISER CLAMP:  Riser clamp shall be carbon steel with 

configuration and components equivalent to MSS and FEDSPEC Type 8. 

 

a. Steel pipe (insulated) - shall be B-Line B3373, Grinnell Fig. 261, or 

equal. 

 

b. Steel pipe (uninsulated) - shall be B-Line B3373, Grinnell Fig. 261, 

or equal. 

 

c. Cast and ductile iron pipe - shall be B-Line B3373, Grinnell Fig. 261, 

or equal. 

 

d. Copper pipe (insulated) - shall be B-Line B3373 CT, Grinnell Fig. 

CT-121, Michigan model 511, or equal. 

 

e. Copper pipe (uninsulated) - shall be B-Line B3373 CT, Grinnell Fig. 

CT-121, Michigan model 511, or equal. 

 

   f. Plastic pipe - shall be B-Line B3373, Grinnell Fig. 261c, or equal. 

 

  13.   TYPE 13 - FRAMING CHANNEL PIPE STRAP:  Pipe strap shall be 

carbon steel, with configuration equivalent to MSS Type 26. 

 

a. Steel pipe (uninsulated) - shall be Superstrut No. C-708-U, 

Powerstrut PS 3126, Kin-Line No. 477, or equal. 

 

b. Steel pipe (insulated) - shall be Superstrut No. C-708-U, Powerstrut 

PS 3126, Kin-Line No. 477, or equal, with insulation shield. 

 

c. Copper pipe (uninsulated) - shall be Superstrut No. C-708-U, 

Powerstrut PS 3126, Kin-Line No. 477, or equal, with insulation 

shield or lined with dielectric material. 

 

d. Copper pipe (insulated) - shall be Superstrut No. C-708-U, 

Powerstrut PS 3126, Kin-Line No. 477, or equal, with insulation 

shield. 

 

e. Plastic pipe - shall be Superstrut No. C-708-U, Powerstrut PS 3126, 

Kin-Line No. 477, or equal. 
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 C. RACK AND TRAPEZE SUPPORTS: 

 

  1.   GENERAL:  Unless otherwise specified, trapeze and pipe rack components 

shall have a minimum steel thickness of 12 gage, with a maximum deflection 1/240 of the span. 

 

  2. TYPE 20 - TRAPEZE PIPE SUPPORT:  Trapeze pipe support cross 

members shall be framing channel as specified in paragraph 15096-2.02 E.5.  Flat plate fittings shall 

be 1 5/8-inch square carbon steel of standard design manufactured by framing channel 

manufacturer, Unistrut P2471, B-Line B202-2, or equal. 

 

  3. TYPE 21 - PIPE RACK SUPPORT:  Post and cross members shall be 

framing channel as specified in paragraph 15096-2.02 E.5.  Pipe rack fittings shall be carbon steel, 

of standard design manufactured by framing channel manufacturer.  90-degree fittings shall be 

gusseted Unistrut P2484, B-Line B844, or equal.  Post base fittings shall be as specified in 

paragraph 15096-2.02 D.5. 

 

 D.   STRUCTURAL ATTACHMENTS:  

 

  1. TYPE A - MALLEABLE IRON CONCRETE INSERT:  Concrete inserts 

shall be malleable iron and comply with MSS and FEDSPEC Type 18.  Grinnell Fig. 282, 

Carpenter & Patterson Fig. 108, or equal. 

 

  2. TYPE B - SIDE BEAM BRACKET:  Bracket shall be malleable iron and 

comply with MSS Type 34 and FEDSPEC Type 35.  Grinnell Fig. 202, B-Line B3062, or equal. 

 

  3. TYPE C - MALLEABLE BEAM CLAMP WITH EXTENSION PIECE:  

Clamp and extension piece shall be malleable iron, tie rod shall be steel.  Beam clamp shall comply 

with MSS and FEDSPEC Type 30.  Grinnell Fig. 218 with Fig. 157 extension piece, B-Line B3054, 

or equal. 

 

  4. TYPE D - STEEL BEAM CLAMP WITH EYE NUT:  Beam clamp and eye 

nut shall be forged steel.  Configuration and components shall comply with MSS and FEDSPEC 

Type 28.  Grinnell Fig. 292, Carpenter & Patterson Fig. 297, or equal. 

 

  5.   TYPE E - FRAMING CHANNEL POST BASE:  Post bases shall be carbon 

steel, of standard design manufactured by framing channel manufacturer.  Single channel:  Unistrut 

P2072A, B-Line B280, or equal.  Double channel:  Unistrut P2073A, B-Line B281, or equal. 

 

  6.   TYPE F - WELDED BEAM ATTACHMENT:  Beam attachment shall be 

carbon steel and comply with MSS and FEDSPEC Type 22.  B-Line B3083, Grinnell Fig. 66, or 

equal. 
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  7.   TYPE G - WELDED STEEL BRACKET:  Bracket shall be carbon steel and 

comply with MSS Type 32 and FEDSPEC Type 33 for medium welded bracket. Heavy welded 

bracket shall comply with MSS Type 33 and FEDSPEC Type 34. 

 

  8.   TYPE H - CAST IRON BRACKET:  Bracket shall be cast iron, Carpenter & 

Patterson Fig. 340, or equal. 

 

  9.   TYPE J - ADJUSTABLE BEAM ATTACHMENT:  Beam attachment shall 

be carbon steel, Carpenter & Patterson Fig. 151, B-Line B3082, or equal. 

 

  10.   TYPE K - DOUBLE CHANNEL BRACKET:  Wall channel shall be single 

channel framing channel as specified in paragraph 15096-2.02 E.5.  Cantilever bracket shall be a 

carbon steel double framing channel assembly, Unistrut P2542 through P2546, B-Line B297-12 

through B297-36, or equal. 

 

  11.   TYPE L - SINGLE CHANNEL BRACKET:  Wall channel shall be single 

channel framing channel as specified in paragraph 15096-2.02 E.5.  Cantilever bracket shall be a 

carbon steel single framing channel assembly, Unistrut P2231 through P2234, B-Line B198-6, 

B198-12, B196-18 and B196-24, or equal. 

 

  12.  TYPE M - WALL MOUNTED CHANNEL:  Wall channel shall be single 

channel framing channel as specified in paragraph 15096-2.02 E.5. 

 

  13.   TYPE N - PIPE STANCHION FLOOR ATTACHMENT:  Baseplate shall 

be carbon steel with 1/2 inch minimum thickness.  Anchor bolt holes shall be 1/16 inch larger than 

the anchor bolt diameter.  The space between the baseplate and the floor shall be filled with 

nonshrink grout.  

 

 E.   ACCESSORIES:  

 

  1.   HANGER RODS:  Rods shall be carbon steel, threaded on both ends or 

continuous threaded and sized as specified. 

 

  2.   WELDLESS EYE NUT:  Eye nut shall be forged steel and shall comply 

with MSS and FEDSPEC Type 17.  Eye nut shall be Grinnell Fig. 290, B-Line B3200, or equal. 

 

  3.   WELDED EYE ROD:  Eye rod shall be carbon steel with eye welded 

closed.  Inside diameter of eye shall accommodate a bolt diameter 1/8 inch larger than the rod 

diameter.  Eye rod shall be Grinnell Fig. 278, B-Line B3211, or equal. 

 

  4.   TURNBUCKLE:  Turnbuckle shall be forged steel and shall comply with 

MSS and FEDSPEC Type 13.  Turnbuckle shall be Grinnell Fig. 230, B-Line B3202, or equal. 

 

  5.   FRAMING CHANNEL:  Framing channel shall be 1 5/8 inches square, roll 

formed, 12-gage carbon steel.  Channel shall have a continuous slot along one side with in-turned 
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clamping ridges.  Single channel:  Unistrut P1000, B-Line B22, or equal.  Double channel:  Unistrut 

P1001, B-Line B22A, or equal.  Triple channel:  Unistrut P1004A, B-Line B22X, or equal. 

 

2.03   THERMAL PIPE HANGER SHIELD 

 

 Thermal shields shall be provided at hanger, support and guide locations on pipe requiring 

insulation.  The shield shall consist of an insulation layer encircling the entire circumference of the 

pipe and a steel jacket encircling the insulation layer.  The thermal shield shall be the same 

thickness as the piping system insulation specified in Section 15250.  The standard shield shall be 

used for hot systems and the vapor barrier shield shall be used for cold systems.  Stainless steel band 

clamps shall be used where specified to ensure against slippage between the pipe wall and the 

thermal shield. 

 

 A.   STANDARD SHIELD: 

 

  1.   INSULATION: 

 

   a. Hydrous calcium silicate, high density, waterproof 

   b. Compressive strength:  100 psi average 

   c. Flexural strength:  75 psi average 

   d. K factor:  0.38 at 100 degrees F mean 

   e. Temperature range:  20 degrees F to 500 degrees F 

 

  2.   STEEL JACKET:  Galvanized steel.  Gage shall be the manufacturer's 

standard supplied for the given pipe size. 

 

  3.   CONNECTION:  Shield shall have butt connection to pipe insulation.  Steel 

jacket and insulation shall be flush with end. 

 

 B. VAPOR BARRIER SHIELD: 

 

  1.   INSULATION: 

 

   a. Hydrous calcium silicate, high density, waterproof 

   b. Compressive strength:  100 psi average 

   c. Flexural strength:  75 psi average 

   d. K factor:  0.38 at 100 degrees F mean 

   e. Temperature range:  20 degrees F to 500 degrees F 

 

  2.   STEEL JACKET:  Galvanized steel.  Gage shall be the manufacturer's 

standard supplied for the given pipe size. 

 

  3. CONNECTION:  Shield shall have butt connection to pipe insulation.  

Insulation shall extend 1 inch each side of steel jacket for vaportight connection to pipe insulation 

vapor barrier.  
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PART 3--EXECUTION 

 

3.01   HANGER AND SUPPORT LOCATIONS 

 

 The CONTRACTOR shall locate hangers and supports as near as possible to concentrated 

loads such as valves, flanges, etc.  Locate hangers, supports and accessories within the maximum 

span lengths specified in the project manual to support continuous pipeline runs unaffected by 

concentrated loads. 

 

 At least one hanger or support shall be located within 2 feet from a pipe change in direction. 

 

 The CONTRACTOR shall locate hangers and supports to ensure that connections to 

equipment, tanks, etc., are substantially free from loads transmitted by the piping. 

 

 Where piping is connected to equipment, a valve, piping assembly, etc., that will require 

removal for maintenance, the piping shall be supported in such a manner that temporary supports 

shall not be necessary for this procedure. 

 

 Pipe shall not have pockets formed in the span due to sagging of the pipe between supports 

caused by the weight of the pipe, medium in the pipe, insulation, valves and fittings. 

 

3.02   INSTALLATION 

 

 Welded and bolted attachments to the building structural steel shall be in accordance with 

the requirements of the AISC Manual of Steel Construction.  Unless otherwise specified, there shall 

be no drilling or burning of holes in the building structural steel. 

 

 Hanger components shall not be used for purposes other than for which they were designed. 

 They shall not be used for rigging and erection purposes. 

 

 The CONTRACTOR shall install items to be embedded before concrete is poured.  Fasten 

embedded items securely to prevent movement when concrete is poured. 

 

 Embedded anchor bolts shall be used instead of concrete inserts for support installations in 

areas below water surface or normally subject to submerging. 

 

 The CONTRACTOR shall install thermal pipe hanger shields on insulated piping at 

required locations during hanger and support installation.  Butt joint connections to pipe insulation 

shall be made at the time of insulation installation in accordance with the manufacturer's 

recommendations. 

 

 Hanger and support components in contact with plastic pipe shall be free of burrs and sharp 

edges. 
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 Rollers shall roll freely without binding. 

 

 Finished floor beneath Type N structural attachments and framing channel post bases shall 

be roughed prior to grouting.  Grout between base plate and floor shall be free of voids and foreign 

material. 

 

 Baseplates shall be cut and drilled to specified dimensions prior to welding stanchions or 

other attachments and prior to setting anchor bolts. 

 

 Plastic or rubber end caps shall be provided at the exposed ends of all framing channels that 

are located up to 7 feet above the floor. 

 

3.03   ADJUSTMENTS 

 

 The CONTRACTOR shall adjust hangers and supports to obtain required pipe slope and 

elevation.  Shims made of material that is compatible with the piping material may be used.  

Stanchions shall be adjusted prior to grouting their baseplates. 

 

 

**END OF SECTION** 
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SECTION 15102 

 

RESILIENT-SEATED GATE VALVES 
 

 

PART 1--GENERAL 
 

1.01   DESCRIPTION 
 

This section specifies iron-body, resilient-seated gate valves.  

 

1.02   QUALITY ASSURANCE 
 

A.   REFERENCES: 

 

This section contains references to the following documents.  They are a part of this 

section as specified and modified.  In case of conflict between the requirements of this section 

and those of the listed documents, the requirements of this section shall prevail. 
 

Reference Title 

ANSI B16.1-89 Cast Iron Pipe Flanges and Flanged Fittings Class 25, 125, 250 

and 800 

ASTM A126-84 Gray Iron Castings for Valves, Flanges, and Pipe Fittings 

AWWA C-111-17 Rubber Gasket Joints for Ductile-Iron Pressure Pipe and 

Fittings 

AWWA C-509-87 Resilient-Seated Gate Valves for Water and Sewerage Systems 

AWWA C550 Protective Interior Coatings for Valves and Hydrants 

NTUA Navajo Area Standards & Construction Requirements  

 

 

PART 2--PRODUCTS 
 

2.01   GATE VALVES FOR WATER MAINS 
 

Gate valves 3 through 12 inches in size shall comply with AWWA C509, including 

applicable hydrostatic testing.  The seal shall be drop-tight.  All internal and external surfaces of 

the valve including the interior of the gate shall be coated with a two part epoxy coating in 

accordance with AWWA C550. 

 

Valve working pressure rating shall the greater of 235 psi minimum or equal to or greater 

than the rated pressure of the waterline on which the valve is installed.   

 

Gate valves shall be supplied by a single manufacturer.   
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2.02   MATERIALS 
 

The body of the valve shall be cast iron, with a full round port opening equal to or exceeding the 

diameter of the corresponding pipe.  The body shall have integrally cast guides to insure the gate is 

properly guided through complete travel, and shall be free of pockets and bridges in the valve bottom. 

 

The sealing mechanism shall consist of a free draining bi-directional compression seating gate, 

which ensures a 100 percent bubble tight seal in the closed position against the line flow.  The gate shall 

be constructed with a rubber seal mechanically retained between two epoxy coated gate halves which are 

securely fastened with stainless steel recessed capscrews. 

 

Gate valves shall be of the nonrising stem type. The stem shall be 400 series stainless steel and 

shall be independent of the bronze stem nut.  A four bolt bonnet cover shall contain a grit and dust cap 

protecting two O-ring stem seals and the nylon bushing located above the stem collar.  A teflon washer 

shall be located between the stem collar and bonnet as an antifriction device. 

 

End connections shall be furnished as specified in Section 15050 and shown on the drawings.  

Mechanical joints are to be per ANSI/AWWA C111/A21.11; flanged joints shall conform to ANSI 

standard B16.1, Class 150. End connections shall be restrained. 

 

2.03.   MANUAL OPERATORS: 
 

Gate valves shall be provided with counter clockwise opening geared operators.   

 

Exposed valves shall be supplied with an enclosed bevel gear and handwheel to permit 

side operation.  

 

Buried valves shall be provided with enclosed spur gears and 2" square operating nuts to 

permit operation through a valve box from above.  

 

2.04  VALVE BOXES 

 

Valve boxes shall be installed on all buried valves and shall be 5-1/4-inch Nominal 

diameter shaft, two-piece adjustable screw type equal to Tyler no. 6850 series.  The length of the 

box shall be sufficient to permit access to the valve at the specified depth of bury.  Tyler series 

extensions will be utilized to extend the valve box when required.  The word "water" shall be 

cast onto the Lid. 

 

2.05   SUBMITTAL DATA 
 

The following information shall be provided in accordance with Contractor submittal 

requirements:  
 

1.   Full product submittal including manufacturer’s cut sheets, details of 

construction, and product information. 
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PART 3--EXECUTION 
 

3.01 VALVE INSTALLATION 

 

Gate valves shall be installed in the closed position. 
 

Before installing the valve, care shall be taken to see that all foreign material and objects are 

removed from the interior of the valve.  The valve shall be opened and closed to see that all moving parts 

are in working order.  

  

All valves shall be set and jointed to the pipe in the manner as set forth in the AWWA Standards 

for the type of connecting ends furnished.  All valves shall be set in and tied to poured in-place concrete 

support blocks as per the NTUA Standard Detail, WS-14.   

 

Valves and valve boxes shall be set plumb and valves boxes shall be placed over the valve in such 

a manner that the valve box does not transmit shock or stress to the valve.  The cast iron valve box cover 

shall be set flush with, or slightly above, the finished grade.  A 2-foot by 2-foot by 4-inch reinforced 

concrete pad shall be poured around each valve box.  Before the concrete has hardened, the Contractor 

shall neatly scribe in the concrete pad the valve size and a line representing the direction of flow of water 

through the valve. 

 

**END OF SECTION** 
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SECTION 15103 

 

BUTTERFLY VALVES 

 

 

PART 1--GENERAL 

 

1.01 DESCRIPTION 

 

 A. SCOPE: 

 

 This section specifies butterfly valves for water service. 

 

  1. TYPE A:  Valves used in the following piping systems for sizes 3 inches and 

larger shall be designated Type A.   

 

Piping systems 

7 

  

 

1.02 REFERENCES 

 

 This section contains references to the following documents.  They are a part of this section 

as specified and modified.  Where a referenced document contains references to other standards, 

those documents are included as references under this section as if referenced directly.  In the event 

of conflict between the requirements of this section and those of the listed documents, the 

requirements of this section shall prevail. 

 

 Unless otherwise specified, references to documents shall mean the documents in effect 

at the time of Advertisement for Bids or Invitation to Bid (or on the effective date of the 

Agreement if there were no Bids).  If referenced documents have been discontinued by the 

issuing organization, references to those documents shall mean the replacement documents 

issued or otherwise identified by that organization or, if there are no replacement documents, the 

last version of the document before it was discontinued.  Where document dates are given in the 

following listing, references to those documents shall mean the specific document version 

associated with that date, regardless of whether the document has been superseded by a version 

with a later date, discontinued or replaced. 

 

 

 

 

 

 

 

 



Butterfly Valves 

 15103-2 

Dilkon Pass Booster 

Contract Issue 

Reference Title 

ANSI B16.1 Cast Iron Pipe Flanges and Flanged Fittings Class 25, 

125, 250 and 800 

ANSI B16.5 Pipe Flanges and Flanged Fittings  

ASTM A48 Gray Iron Castings 

ASTM A108 Steel Bars, Carbon, Cold-Finished, Standard Quality 

ASTM A126 Gray Iron Castings for Valves, Flanges, and Pipe Fittings 

ASTM A216/A216M Steel Castings, Carbon, Suitable for Fusion Welding, for 

High Temperature Service 

ASTM A276 Stainless and Heat-Resisting Steel Bars and Shapes 

ASTM A436 Austenitic Gray Iron Castings 

ASTM A536 Ductile Iron Castings 

AWWA C504 Rubber-Seated Butterfly Valves 

NTUA Navajo Area Standards & Construction Requirements  

 

 

PART 2--PRODUCTS 

 

2.01 MATERIALS 

 

 A. TYPE A: 

 

 Type A valves are specified according to size as follows: 

 

1. TYPE A, SIZE 2 THROUGH 24 INCHES:  Type A valves from 2 through 

24 inches in size shall be constructed of the following materials unless 

otherwise specified: 

 

Component Material 

Shaft Stainless steel, ASTM A276, Type 304 

Carbon steel, ASTM A108, with stainless steel journals 

Disc Ductile iron, ASTM A536, or cast iron, ASTM A436, type 

1 (Ni-Resist); or ASTM A48, Class 40, or ASTM A126, 

Class B 

Seat mating surface Stainless steel, ASTM A276, Type 304, mounted in body or 

on disc edge; or Ni-Chrome on the disc edge 

Seat sealing surface Neoprene, EPDM or Buna N 
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Component Material 

Body Cast iron, ASTM A126, Class B 

 

 

 

2.02 MANUFACTURE 

 

 A. GENERAL: 

 

 Valves shall be flanged.  Wafer type valves are not acceptable.  Unless otherwise specified, 

valve flange drilling shall be per ANSI B16.1, Class 125. 

 

 B. TYPE A: 

 

 Type A valves shall be designed in accordance with AWWA C504.  Shafts shall be turned, 

ground and polished.  Shaft dimensions and operator torque shall be chosen for the pressure 

specified in Section 15050 and Class B as specified in AWWA C504.  When carbon steel shafts and 

stainless steel journals are used, static seals shall be provided to isolate the interior of the disc and 

the shaft from the process fluid. 

 

 Type A valves shall have seats that are vulcanized, bonded, mechanically secured, or 

clamped to the body or disc. 

 

  

2.03 MANUAL OPERATORS 

 

 A. GENERAL: 

 

 Manual operators shall be designed in accordance with AWWA C504 and shall have a disc 

position indicator designating the opened and closed position of the valve. 

 

 B. TYPE A: 

 

 Operators for valves 6 inches in diameter and smaller shall be latch lock levers.  Valves shall 

be capable of being locked in at least five intermediate positions between fully open and fully 

closed. 

 

Manual operators larger than 6 inches shall be of the traveling nut, rack and pinion, or worm 

gear type.  Operators shall be equipped with adjustable mechanical stop-limiting devices to prevent 

overtravel of the disc in the open and closed positions and shall be self-locking and designed to hold 

the valve in any intermediate position between full open and full closed.  Valve operator 

components shall withstand an input torque of 300 ft-lbs at the extreme operator positions without 

damage. 
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 Operator for buried service shall include an AWWA operating nut and shall be gasketed and 

grease packed for submerged operation at water pressures to 10 psig.  Operators for exposed service 

shall include a handwheel and be gasketed for weatherproof service. 

 

 2.04 PRODUCT DATA 

 

 Affidavits of compliance with AWWA C504 for Type A valves shall be provided in 

accordance with Section 01300. 

 

 

PART 3--EXECUTION 

 

 Valves shall be installed in accordance with the manufacturer's recommendations. 

 

 

**END OF SECTION** 
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SECTION 15118 

 

SPRING-LOADED SWING CHECK VALVES 

 

 

PART 1--GENERAL 

 

1.01 DESCRIPTION 

 

 This section specifies spring-loaded swing check valves. 

 

1.02 REFERENCES 

 

 This section contains references to the following documents.  They are a part of this section 

as specified and modified.  Where a referenced document contains references to other standards, 

those documents are included as references under this section as if referenced directly.  In the event 

of conflict between the requirements of this section and those of the listed documents, the 

requirements of this section shall prevail. 

 

 Unless otherwise specified, references to documents shall mean the documents in effect 

at the time of Advertisement for Bids or Invitation to Bid (or on the effective date of the 

Agreement if there were no Bids).  If referenced documents have been discontinued by the 

issuing organization, references to those documents shall mean the replacement documents 

issued or otherwise identified by that organization or, if there are no replacement documents, the 

last version of the document before it was discontinued.  Where document dates are given in the 

following listing, references to those documents shall mean the specific document version 

associated with that date, regardless of whether the document has been superseded by a version 

with a later date, discontinued or replaced. 

 

Reference Title 

ASTM A126 Gray Iron Castings for Valves, Flanges, and Pipe Fittings 

ASTM A276 Stainless and Heat-Resisting Steel Bars and Shapes 

ASTM A536 Ductile Iron Castings 

ASTM B148 Aluminum-Bronze Sand Castings 

AWWA C508 Swing-Check Valves for Waterworks Service, 2 In. Through 

24 In. NPS 

 

 

PART 2--PRODUCTS 

 

2.01 MANUFACTURERS 

 

Candidate manufacturers include Golden Anderson,  APCO or equal. 
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2.02 MATERIALS 

 

 Materials of construction shall be as follows: 

 

Component Material 

Body, cover Cast iron, ASTM A126, Class B 

Disc Ductile iron, ASTM A536 

Seat rings Aluminum bronze, ASTM B148 or Stainless 

steel, ASTM A276, Type 316 

Hinge shafts and hinge pins Stainless steel, ASTM A276, Type 301 or 304 

Shaft bushings Bronze, AWWA C508 

 

Materials specified are considered the minimum acceptable for the purposes of durability, 

strength, and resistance to erosion and corrosion.  The Contractor may propose alternative materials 

for the purpose of providing greater strength or to meet required stress limitations.  However, 

alternative materials must provide at least the same qualities as those specified for the purpose.  

 

2.03 MANUFACTURE 

 

 Disc, disc arm, shaft, keyways, lever and spring shall be capable of closing within .05 

seconds of pump stoppage and fluid moving at velocity of 8 feet per second.  Spring tension shall be 

adjustable.  The valve design shall permit mounting levers and springs on either side of the valve.  

The design of the spring attachment shall permit adjustment of closing force by tensioning the 

spring or replacement with different active length springs. 

 

 Valves shall be provided with a clear opening equal to or greater than the connecting piping, 

with no raised seating surface.  Seats shall be threaded onto the body or fitted with an O-ring seal 

and locked in place with stainless steel screws or pins and shall be replaceable.  Shafts shall be 

provided with stuffing box and packing or O-ring seals at each end.  Seals shall be externally 

replaceable.  Minimum shaft diameters shall be as follows:  

 

Valve Inlet Connection 

Size, inches Shaft diameter, inches 

3 0.75 

4 0.825 

6 1.0 

             

 The pivot arm shall be secured to the disc with either twin bolted connections with 

lockwashers or a pinned nut.  In either instance, the connection shall be designed to prevent disc 

movement relative to the arm.  Shaft bearings shall extend the entire length of the shaft other than 

the section required for the disc arm attachment.  Disc and lever arms shall be keyed to the shaft and 
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retained by bushings or pins. 

 

 Unless otherwise specified, valves shall, as a minimum, conform to the following pressure 

ratings: 

 

 Size, inches 

Working pressure, 

pressure, psig Hydrostatic test 

2 through 12 175 350 

 

Check valves wetted parts shall be coated with fusion bonded epoxy. 

 

2.04 SUBMITTAL DATA 

 

 Manufacturer's catalog information including dimensions, cross-sectional views, details of 

construction and materials list shall be provided in accordance with Section 01300. 

 

 

PART 3--EXECUTION 

 

 Spring loaded swing check valves shall be installed in accordance with the manufacturer's 

recommendations. 

 

 

**END OF SECTION**
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SECTION 15150 

 

AIR RELEASE AND VACUUM VALVES FOR CLEAN WATER SERVICE 

 

 

PART 1--GENERAL 

 

1.01 DESCRIPTION 

 

 A. SCOPE: 

 

 This section specifies air release valves, air and vacuum valves, and combination air valves 

for clean water service, pumping, and storage applications. 

 

 B. TYPES: 

 

  1. AIR RELEASE VALVES:  Air release valves (ARV) shall have a small 

venting orifice to vent the accumulation of air and other gases with the line or system under 

pressure.  Size and capacity shall be as specified. 

 

  2. AIR AND VACUUM VALVES:  Air and vacuum valves (AVV) shall have 

a large venting orifice to permit the release of air as the line is filling or relieve the vacuum as the 

line is draining or is under negative pressure.  Size and capacity shall be as specified. 

 

  3. COMBINATION AIR VALVES:  Combination air valves (CAV) shall have 

operating features of both the air and vacuum valve and the air release valve.  They include both 

single- and dual-body construction.  Size and capacity shall be as specified. 

 

  4. AIR VALVES FOR VERTICAL TURBINE PUMPS:  Air valves for 

vertical turbine pumps (ATP) shall consist of an air and vacuum valve with throttling device for 

sizes 3-inch and less, and a dual body construction combination air valve mounted on top of a surge 

check for sizes 4-inch and larger.  Size and capacity shall be as specified. 

 

1.02 REFERENCES 

 

 This section contains references to the following documents.  They are a part of this section 

as specified and modified.  Where a referenced document contains references to other standards, 

those documents are included as references under this section as if referenced directly.  In the event 

of conflict between the requirements of this section and those of the listed documents, the 

requirements of this section shall prevail. 

 

 Unless otherwise specified, references to documents shall mean the documents in effect 

at the time of Advertisement for Bids or Invitation to Bid (or on the effective date of the 

Agreement if there were no Bids).  If referenced documents have been discontinued by the 

issuing organization, references to those documents shall mean the replacement documents 
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issued or otherwise identified by that organization or, if there are no replacement documents, the 

last version of the document before it was discontinued.  Where document dates are given in the 

following listing, references to those documents shall mean the specific document version 

associated with that date, regardless of whether the document has been superseded by a version 

with a later date, discontinued or replaced. 

 

Reference Title 

ASTM A126 Gray Iron Castings for Valves, Flanges, and Pipe Fittings 

ASTM A240 Heat-Resisting Chromium and Chromium Nickel Stainless 

Steel Plate, Sheet, and Strip for Pressure Vessels 

 

 

PART 2--PRODUCTS 

 

2.01 ACCEPTABLE PRODUCTS 

 

 Air release and vacuum valves shall be APCO as manufactured by Valve and Primer 

Corporation, Crispin as manufactured by Multiplex Manufacturing Company, or equal, modified to 

provide the specified features and to meet the specified operating conditions. 

 

2.02 MATERIALS 

 

Component Material 

Body, cover Cast iron, ASTM A126, Grade B 

Float Type 316 SS, ASTM A240 

Seat Buna-N or Type 316 SS 

Trim Type 316 SS, ASTM A240 

 

Materials specified are considered the minimum acceptable for the purposes of durability, 

strength, and resistance to erosion and corrosion.  The Contractor may propose alternative 

materials for the purpose of providing greater strength or to meet required stress limitations.  

However, alternative materials must provide at least the same qualities as those specified for the 

purpose.  

 

2.03 CONSTRUCTION 

 

Air release valves shall be float operated, compound lever type, except air release valves 

less than 1-inch may be simple lever type. 

 

 Air and vacuum valves shall be designed to protect the float from direct contact of the 

rushing air and water to prevent the float from closing prematurely in the valve.  The seat shall be 
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fastened into the valve cover and shall be easily removed if necessary.  The float shall be center or 

peripheral guided for positive shutoff into the seat. 

 

 Combination air valves, unless otherwise specified, shall be single-body construction in 

sizes 1- through 6-inch and dual-body construction in sizes 8-inch and larger.  Single-body 

construction shall be designed to provide all functions within one housing.  The body inlet shall be 

baffled to protect the float and the large and small orifices shall be designed so that during large 

orifice closure, the small air release orifice will open to allow small amounts of air to escape.  Dual-

body construction shall combine one air and vacuum valve and one air release valve with 

interconnecting piping and gate valve. All combination air valves shall be 1-inch in size. 

 

 Air valves for vertical turbine pumps (sizes 3-inch and less) shall be designed and 

constructed as specified for air and vacuum valves except the discharge orifice shall be fitted with a 

throttling device to regulate and restrict air venting and establish a pressure loading on the rising 

column of water on pump start.  Unless otherwise specified, air valves, 4-inch and larger, shall be 

dual body combination air valves except the inlet shall be fitted with a surge check to prevent water 

column entering the valve on pump start. 

 

 Valves shall be suitable for pressures up to 150 psi. 

 

2.04 PRODUCT DATA 

 

 The following information shall be provided in accordance with Section 01300: 

 

 1. Manufacturer's product data. 

 

  2. Applicable O&M instruction manuals per Section 01730. 

 

 

PART 3--EXECUTION 

 

 Air release and vacuum valves shall be installed in accordance with the manufacturer's 

recommendations.  Unless otherwise specified, isolation valves per Section 15050 shall be provided 

below each air valve. Piping from air release and vacuum valves shall be provided to equipment 

drains or floor drains, located in the Pump Houses for the disposal of nuisance water releases.  

 

 

**END OF SECTION**



Air Release and Vacuum Valves for Clean Water Service 

15150-4 

Dilkon Pass Booster 

Contract Issue 

THIS PAGE LEFT INTENTIONALLY BLANK 



Manual Valve and Gate Operators and Operator Appurtenances 

 15184-1 

Dilkon Pass Booster 
Contract Issue 

SECTION 15184 

 

MANUAL VALVE AND GATE OPERATORS AND 

OPERATOR APPURTENANCES 

 

 

PART 1--GENERAL 

 

1.01 DESCRIPTION 

 

 This section specifies manual operators for valves and operator appurtenances. 

 

1.02 REFERENCES 

 

 This section contains references to the following documents.  They are a part of this section 

as specified and modified.  Where a referenced document contains references to other standards, 

those documents are included as references under this section as if referenced directly.  In the event 

of conflict between the requirements of this section and those of the listed documents, the 

requirements of this section shall prevail. 

 

 Unless otherwise specified, references to documents shall mean the documents in effect 

at the time of Advertisement for Bids or Invitation to Bid (or on the effective date of the 

Agreement if there were no Bids).  If referenced documents have been discontinued by the 

issuing organization, references to those documents shall mean the replacement documents 

issued or otherwise identified by that organization or, if there are no replacement documents, the 

last version of the document before it was discontinued.  Where document dates are given in the 

following listing, references to those documents shall mean the specific document version 

associated with that date, regardless of whether the document has been superseded by a version 

with a later date, discontinued or replaced. 

 

Reference Title 

AWWA C500 Gate Valves 3 through 48-inch NPS, for Water and Sewage 

Systems 

NTUA Navajo Area Standards & Construction Requirements  

 

 

PART 2--PRODUCTS 

 

2.01 GENERAL 

 

 Except as specified in valve specification sections, manual operators shall be as specified 

herein.  Operators shall be mounted on the valve and provided as a unit.  Each valve body or 

operator shall have cast thereon the word "OPEN," an arrow indicating the direction to open, and 

flow direction arrows. 
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2.02 OPERATORS 

 

 A. GENERAL: 

 

 Manual operators shall have operating torques less than 80 foot-pounds.  Unless specified 

otherwise, each manual operator shall be provided with an operating wheel.  Unless specified 

otherwise, the direction of rotation of the operator shall be counterclockwise for opening. 

 

 B. WRENCH NUTS: 

 

 Wrench nuts shall comply with Section 3.15 of AWWA C500.  A minimum of two 

operating keys, but no less than one key per every ten valves, shall be provided for operation of the 

wrench nut operated valves. 

 

 C. CHAIN WHEELS: 

 

 Chain wheels shall be ductile iron.  Operating chains shall be galvanized. 

 

2.03 OPERATOR APPURTENANCES 

 

 A. VALVE BOXES: 

 

 Valve boxes shall be cast iron and shall have suitable base castings to fit properly over the 

bonnets of their respective valves and heavy top sections with stay-put covers.  Covers shall be hot-

dip galvanized. 

 

 B. FLOOR BOXES: 

 

 Floor boxes shall be hot-dip galvanized.  Where the operating nut is in the concrete slab, the 

floor box shall be bronze bushed.  Where the operating nut is below slab, the opening in the bottom 

of the box shall be sufficient for passage of the operating key. 

 

 C. ADJUSTABLE SHAFT VALVE BOXES: 

 

 Adjustable shaft valve boxes shall be concrete or cast iron Brooks No. 3RT, Christie G5, 

Empire 7-1/2 valve extension box, or equal.  Box covers on water lines shall be impressed with the 

letter "W." 

 

2.04 PRODUCT DATA 

 

 Manufacturer's catalog information and other data confirming conformance to design and 

material requirements shall be provided in accordance with Section 01300. 

 

PART 3--EXECUTION 
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3.01 GENERAL 

 

 Installation shall be as specified herein.  Valve operators shall be located so that they are 

readily accessible for operation and maintenance.  Valve operators shall be mounted for 

unobstructed access, but mounting shall not obstruct walkways.  Valve operators shall not be 

mounted where shock or vibration will impair their operation.  Support systems shall not be 

attached to handrails, process piping, or mechanical equipment. 

 

3.02 OPERATORS 

 

 A. GENERAL: 

 

 Valves shall be provided with manual operators, unless specified otherwise.  Where 

possible, manual operators shall be located between 48 inches and 60 inches above the floor or a 

permanent work platform. 

 

 B. WRENCH NUTS: 

 

 Wrench nuts shall be provided on buried valves, on valves which are to be operated through 

floor boxes, and where specified.  Extended wrench nuts shall be provided if necessary so that the 

nut will be within 6 inches of the valve box cover. 

 

 C. CHAIN WHEELS: 

 

 Unless otherwise specified, valves with centerlines more than 7 feet, 6 inches above the 

specified operating level shall be provided with chain wheels and operating chains.  Chain wheel 

operated valves shall be provided with a chain guide.  Operating chains shall be looped to extend 

within 4 feet of the specified operating level below the valve.  For plug-type valves 8 inches and 

larger, the operator shall be provided with a hammer blow wheel.  Hooks shall be provided for 

chain storage where the chain may hang in a walkway. 

 

3.03 OPERATOR APPURTENANCES 

 

 A. VALVE BOXES: 

 

 Valve boxes extending to finished surfaces shall be provided for buried valves. 

 

 B. FLOOR BOXES: 

 

 Floor boxes shall be provided for wrench operation of valves located below concrete slabs.  

Each floor box and cover shall be of the depth required for installation in the slab. 

 

 

**END OF SECTION**
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SECTION 15632 

 

ELECTRIC UNIT HEATERS 

 

 

PART 1--GENERAL 

 

1.01 DESCRIPTION 

 

 A. SCOPE: 

 

 This section specifies electric unit heaters for indoor space heating applications.  

 

 B. TYPE: 

 

 Unit heaters shall be fan-forced, horizontal or vertical discharge type designed for 

continuous operation.  

 

 C. EQUIPMENT LIST: 

 

Item Equipment No. 

Chlorine Room Unit Heater 1 UH-1 

Pump Room Unit Heater 2 UH-2 

 

 D. OPERATING REQUIREMENTS: 

 

Equipment 

No. Type CFM 

Heating, 

kW 

Voltage 

and 

phase 

Fan motor 

HP 

Fan motor 

rpm 

UH-1 Horizontal, 

Washdown/Corrosion 

Resistant 

380 3 208/1 1/40 1725 

UH-2 Horizontal, 

Washdown/Corrosion 

Resistant 

380 3 208/1 1/40 1725 

 

1.02 QUALITY ASSURANCE 

 

 A. REFERENCES: 

 

 This section contains references to the following documents.  They are a part of this section 

as specified and modified.  Where a referenced document contains references to other standards, 

those documents are included as references under this section as if referenced directly.  In the event 
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of conflict between the requirements of this section and those of the listed documents, the 

requirements of this section shall prevail. 

 

 Unless otherwise specified, references to documents shall mean the documents in effect 

at the time of Advertisement for Bids or Invitation to Bid (or on the effective date of the 

Agreement if there were no Bids).  If referenced documents have been discontinued by the 

issuing organization, references to those documents shall mean the replacement documents 

issued or otherwise identified by that organization or, if there are no replacement documents, the 

last version of the document before it was discontinued.  Where document dates are given in the 

following listing, references to those documents shall mean the specific document version 

associated with that date, regardless of whether the document has been superseded by a version 

with a later date, discontinued or replaced. 

 

Reference Title 

NFPA National Electrical Code (NEC) 

UL 823 Electric Heaters for Use in Hazardous (Classified) Locations 

UL 1025 Electric Air Heaters 

 

 B. APPROVAL AND CONFORMANCE: 

 

 Unit heaters shall bear the UL label and conform to NEC requirements. 

 

 

PART 2--PRODUCTS 

 

2.01 MATERIALS 

 

Component Material 

Fan Aluminum 

Cabinet Stainless Steel 

Heating element 304 Stainless Steel 

Hardware Stainless steel 

 

Materials specified are considered the minimum acceptable for the purposes of durability, 

strength, and resistance to erosion and corrosion.  The Contractor may propose alternative 

materials for the purpose of providing greater strength or to meet required stress limitations.  

However, alternative materials must provide at least the same qualities as those specified for the 

purpose.  

 

2.02 STANDARD UNIT HEATERS 

 

A. ACCEPTABLE PRODUCTS: 
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 Unit heaters shall be Indeeco, Modine, or equal, modified to meet specified requirements.  

 

 B. EQUIPMENT FEATURES: 

 

  1. CABINET:  Unit heater cabinet shall be heavy 16 gauge stainless steel 

shroud. Adjustable stainless steel discharge louvers shall be mounted horizontally across the cabinet 

discharge opening. The cabinet construction shall incorporate a means for mounting the unit heater 

by either suspension rods or mounting brackets. A stainless steel swivel mounting bracket which 

can be used for either wall or ceiling mount. 

 

  2. MOTOR:  The fan motor shall be permanently lubricated and thermally 

protected.  Motor voltage and phase shall be as specified in paragraph 15632-1.01 D.  The fan motor 

assembly shall be totally enclosed, UL recognized, factory wired to NEMA 4X enclosure. 

 

  3. HEATING COIL:  The heating coil shall be composed of tubular finned 

heating elements in a shock proof mounting and enclosed within the unit heater cabinet.  The 

heating coil shall be overheat protected. 

 

 C. CONTROLS: 

 

 The controls shall be line voltage up to 24 volts.  Integral contactors and transformer shall be 

provided on each unit heater using control voltage other than line voltage. 

 

 Unless otherwise specified, a remote, single stage thermostat shall be provided for each unit 

heater.   

 

 Tie controls into owner’s SCADA system for remote temperature monitoring and 

adjustment. 

 

2.03 PRODUCT DATA 

 

 The following product data shall be provided in accordance with Section 01300: 

 

  1. Applicable operating and maintenance information specified in Section 

01730. 

 

  2. Control wiring diagram. 

 

  3. Manufacturer's catalog data confirming conformance to specified design, 

material and equipment requirements. 

 

 

PART 3--EXECUTION 
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 Unit heaters shall be installed where specified and in accordance with the manufacturer's 

recommended clearances from combustibles. 

 

 

**END OF SECTION** 
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SECTION 15863 

 

INLINE EXHAUST FANS 

 

 

PART 1--GENERAL 

 

1.01 DESCRIPTION 

 

A. SCOPE: 

 

 This section specifies wall-mounted fans complete with fans, motors, dampers and 

accessories required for ventilation systems.  

 

 B. EQUIPMENT LIST: 

 

Item Equipment No. 

Chlorine Room Exhaust Fan 1 EF-1 

Pump Room Exhaust Fan 2 EF-2 

 

 C. OPERATING REQUIREMENTS: 

 

 Fan motors shall be nonoverloading on all points of the operating curve.  Fans shall be 

designed for continuous duty service and to comply with the following:  

 

Equipment 

No. 

Capacity, 

scfm1 

Static 

pressure, in., 

w.c. 

Maximum fan 

speed, rpm Motor HP Drive type 

Operating 

voltage/phase 

EF-1 110 0.35 1750 1/6 Direct 120/1 

EF-2 1750 0.35 900 0.5 Belt 120/1 

Notes: 

1. Fans performance shall be derated for the elevation at the site. 

 

 D. SOUND AND VIBRATION: 

 

 Fans specified in this section shall operate at noise levels below 30 sones, as defined by 

AMCA Standard 300, and at tip speeds below 10,000 fpm. 

 

1.02 QUALITY ASSURANCE 

 

 A. REFERENCES: 

 

 This section contains references to the following documents.  They are a part of this section 

as specified and modified.  Where a referenced document contains references to other standards, 
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those documents are included as references under this section as if referenced directly.  In the event 

of conflict between the requirements of this section and those of the listed documents, the 

requirements of this section shall prevail. 

 

 Unless otherwise specified, references to documents shall mean the documents in effect 

at the time of Advertisement for Bids or Invitation to Bid (or on the effective date of the 

Agreement if there were no Bids).  If referenced documents have been discontinued by the 

issuing organization, references to those documents shall mean the replacement documents 

issued or otherwise identified by that organization or, if there are no replacement documents, the 

last version of the document before it was discontinued.  Where document dates are given in the 

following listing, references to those documents shall mean the specific document version 

associated with that date, regardless of whether the document has been superseded by a version 

with a later date, discontinued or replaced. 

 

Reference Title 

AMCA Standard 210 Laboratory Methods of Testing Fans for Rating  

AMCA Standard 300 Test Code for Sound Rating 

 

 B. CERTIFICATION: 

 

 Fans shall bear the AMCA rating seal. 

 

1.03 SUBMITTALS 

 

 The following information shall be provided in accordance with the requirements of section 

01300: 

 

1. A copy of this specification section, with addendum updates included, and 

all referenced and applicable sections, with addendum updates included, 

with each paragraph check-marked to indicate specification compliance or 

marked to indicate requested deviations from specification requirements.  

Check marks shall denote full compliance with a paragraph as a whole.  If 

deviations from the specifications are indicated, and therefore requested by 

the Contractor, each deviation shall be underlined and denoted by a number 

in the margin to the right of the identified paragraph, referenced to a detailed 

written explanation of the reasons for requesting the deviation.  The 

Construction Manager shall be the final authority for determining 

acceptability of requested deviations.  The remaining portions of the 

paragraph not underlined will signify compliance on the part of the 

Contractor with the specifications.  Failure to include a copy of the marked-

up specification sections, along with justification(s) for any requested 

deviations to the specification requirements, with the submittal shall be 

sufficient cause for rejection of the entire submittal with no further 

consideration. 
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2. A copy of the contract document HVAC Drawings and Drawings H-101 and 

H-501 relating to the submitted equipment, with addendum updates that 

apply to the equipment in this section, marked to show specific changes 

necessary for the equipment proposed in the submittal.  If no changes are 

required, the drawing or drawings shall be marked "no changes required".  

Failure to include copies of the relevant drawings with the submittal shall be 

cause for rejection of the entire submittal with no further review. 

 

  3. Fan performance curves for the specified operating conditions. 

 

  4. Motor data form 11060-A as required in Section 11060. 

 

1.04 ENVIRONMENTAL CONDITIONS 

 

The environmental conditions are specified in section 01300. 

 

 

PART 2--PRODUCTS 

 

2.01 ACCEPTABLE PRODUCTS 

 

 Fans shall be the wall mounted, V-belt or direct driven propeller type.  Fans shall be 

manufactured by Aerovent, Cook, Greenheck, Penn Ventilator, or equal, modified to provide the 

specified features and to meet the specified operating conditions.  

 

2.02 MATERIALS 

 

Component Material 

Fan wheel Aluminum 

Casing  Steel 

Wall panel Steel 

Fan shaft Steel 

Fasteners Stainless steel 

Pillow blocks  Cast iron 

Sheaves Cast iron 

 

Materials specified are considered the minimum acceptable for the purposes of durability, 

strength, and resistance to erosion and corrosion.  The Contractor may propose alternative 

materials for the purpose of providing greater strength or to meet required stress limitations.  

However, alternative materials must provide at least the same qualities as those specified for the 

purpose.  
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2.03 EQUIPMENT 

 

 A. FAN: 

 

 The fan shall be V-belt or direct driven as specified in paragraph 15863-1.01 C.  The fan 

shaft, on belt-driven fans, shall be mounted in heavy-duty ball bearing pillow blocks with grease 

fittings.  Bearings shall be rated for a minimum AFBMA L-10 bearing life of 50,000 hours.  

 

 Belt-driven fans shall be furnished with adjustable pitch sheaves and adjustable motor bases 

suitable for a plus or minus 5 percent adjustment in operating speed.  The V-belt drive shall be as 

specified in paragraph 11000-2.03. 

 

 B. MOTOR: 

 

 Unless otherwise specified, motors shall operate at 1750 rpm and shall be TEFC or TENV.  

Motors 1 HP and larger shall be the high efficiency type.  Motors 1/12 HP and smaller shall be the 

fan manufacturer's standard motor. 

 

 C. FAN PANEL: 

 

 Each fan panel shall have a manufactured inlet to direct air smoothly to the fan.  The fan, 

drive motor and fan guard shall be securely attached to the fan panel by means of a four-legged 

angle or tubular frame and mounting pads.  The fan panel, frame, and mounting pads shall receive 

the manufacturer's standard enamel coating unless otherwise specified. 

 

 D. ACCESSORIES: 

 

 The fan shall be provided with a steel mounting collar, and a spring-loaded aluminum 

backdraft damper where specified.  Mounting collars shall be protected with a baked epoxy finish. 

Fans shall be provided with inlet guards constructed of steel wire with lacquer finish. Inlet guards 

shall conform to OSHA standards and shall be removable to provide motor access.  

 

 Where the motor and drive assembly are specified to be installed in a weather-exposed 

location, such as the exterior side of an exterior wall, a sheet metal shroud or weather hood shall be 

provided for the fan.  This shroud shall protect the fan and drive assembly from direct exposure to 

the elements without restricting airflow to the fan.  A bird screen shall be provided with the shroud. 

 

2.04 SPARE PARTS 

 

 One set of V-belts shall be provided for each belt-driven fan. 

 

2.05 PRODUCT DATA 

 

 The following information shall be provided in accordance with Section 01300: 
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    1. Certification that the units have been tested and rated in 

accordance with the applicable AMCA Standard Test Code and Certified 

Ratings Program.  

 

  2. Applicable operating and maintenance data in accordance with Section 

01730, including final reviewed submittal. 

 

 

PART 3--EXECUTION 

 

3.01 INSTALLATION 

 

 Each fan shall be installed as specified and in accordance with manufacturer's 

recommendations. 

 

3.02 FIELD TESTING 

 

 Each fan shall be completely field tested in accordance with Section 15990 to guarantee 

compliance with the project manual. 

 

 

**END OF SECTION**
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SECTION 15944 

 

LOUVERS 

 

 

PART 1--GENERAL 

 

1.01 DESCRIPTION 

 

 A. SCOPE: 

 

 This section specifies intake and exhaust air louvers and accessories. 

 

 B. PERFORMANCE AND DESIGN REQUIREMENTS: 

 

1. GENERAL:  Louver shall be suitable for air supply or discharge service and 

shall be sized as specified. 

 

Equipment 

Description 

Louver dimension, inches Minimum 

free area, 

sq ft 

Airflow, 

cfm Remarks Width Height Depth 

Pump Room 

Exhaust Fan 2 

34 34 6 4.0 1,750 Intake for EF-2,  

Pump Room 

Exhaust Fan 2 

34 34 6 4.0 1,750 Exhaust for EF-2,  

Chlorine 

Room Exhaust 

Fan 1 

12 12 6 0.4 110 Intake/Exhaust for EF-

1 

 

  

1.02 QUALITY ASSURANCE 

 

 A. REFERENCE: 

 

 This section contains references to the following documents.  They are a part of this section 

as specified and modified.  Where a referenced document contains references to other standards, 

those documents are included as references under this section as if referenced directly.  In the event 

of conflict between the requirements of this section and those of the listed documents, the 

requirements of this section shall prevail. 

 

 Unless otherwise specified, references to documents shall mean the documents in effect 

at the time of Advertisement for Bids or Invitation to Bid (or on the effective date of the 

Agreement if there were no Bids).  If referenced documents have been discontinued by the 

issuing organization, references to those documents shall mean the replacement documents 

issued or otherwise identified by that organization or, if there are no replacement documents, the 

last version of the document before it was discontinued.  Where document dates are given in the 
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following listing, references to those documents shall mean the specific document version 

associated with that date, regardless of whether the document has been superseded by a version 

with a later date, discontinued or replaced. 

 

Reference Title 

AA 45 Designation System for Aluminum Finishes 

AMCA Standard 500 Test Methods for Louvers, Dampers, and Shutters 

ASTM B221 Aluminum and Aluminum Alloy Extruded Bars, Rods, 

Wire, Shapes, and Tubes 

ASTM C1071 Standard Specification for Thermal and Acoustical 

Insulation (Mineral Fiber, Duct Lining Material) 

 

 B. CERTIFICATION: 

 

 Louvers shall bear the AMCA certified ratings seal for both air performance and water 

penetration. 

 

 

PART 2--PRODUCTS 

 

2.01 ACCEPTABLE PRODUCTS 

 

 Louvers shall be Airolite, Cook, Greenheck, Pottorf, Ruskin, or equal, modified to provide 

the specified features. 

 

2.02 MATERIALS 

 

 

Component Material 

Blades ASTM B221, 6063-T52 extruded aluminum alloy 

Frame ASTM B221, 6063-T52 extruded aluminum alloy 

Fasteners Stainless steel or aluminum 

Bird screen Aluminum 
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2.03 EQUIPMENT FEATURES 

 

 A. BLADES: 

 

 Blades shall be of the fixed, drainable type with interlocking blade braces to provide an 

uninterrupted horizontal line.  Blades for all louvers shall be minimum 0.081 inch (12 gage) thick.  

Slideable interlocked mullions shall have provisions for expansion and contraction. 

 

 B. FRAME: 

 

 The frame shall be minimum 0.081 inch (12 gage) thick for all louvers.  The louver frame 

shall be assembled by welding.  The head, sill, and jamb shall be one-piece structural members and 

shall have an integral calking slot and retaining bead. 

 

 C. SCREEN: 

 

 The louver shall be furnished with a removable bird screen constructed of 1/2-inch mesh, 

16-gage (0.063 inch) wire and secured within a 10-gage extruded aluminum frame.  The screen 

shall be mounted on the interior louver face but independent of the louver. 

 

 D. FINISH: 

 

 Unless otherwise specified, all louvers shall receive a 215-R1, Aluminum Association 

Code AA-C22A41, clear anodized finish after assembly.  Minimum coating thickness shall be 

0.7 mil. 

 

2.05 AUTO DAMPERS 

 

 The damper blades shall be extruded 6063T5 aluminum, 0.125-inch thick.  The adjustable 

blade linkage shall be concealed in the louver frame and located out of the air stream.  Vinyl edge 

seals shall be provided on the damper blades.  The adjustable blades shall pivot on ½-inch diameter 

aluminum or steel pins located at the blade ends and attached to the operator linkage.  The pivot 

pins shall be mounted on self-lubricating nylon or oil impregnated bronze bearings.  Jamb seals 

shall be provided to prevent air leakage around closed damper blades. 

 

2.06 OPERATORS  

 

A. ELECTRIC ACTUATORS: 

 

Operators for auto dampers, where specified, shall be 120-volt AC spring return motor 

actuators provided complete with all necessary linkage to position the damper throughout its full 

operating range.  The actuator shall be mounted on the outside of the louver frame and shall have 

sufficient torque to position the size of the damper served at the specified conditions.  The damper 

area served by each operator shall not exceed the maximum area recommended by the actuator 

manufacturer.  Time required for the operator’s full stroke shall not exceed one minute 
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2.04 PRODUCT DATA 

 

 Certified results of pressure drop test data and water penetration data for all louvers shall be 

provided in accordance with Section 01300. 

 

 

PART 3--EXECUTION 

 

3.01 INSTALLATION 

 

 The louver shall be aligned, connected, and installed as specified and in accordance with the 

manufacturer's recommendations.  A bituminous coat shall be applied to all aluminum surfaces in 

contact with concrete or masonry. 

 

3.02 TESTING 

 

 After completion of installation, all louvers with operating dampers, both manually and 

automatically operated, shall be completely field tested to ensure compliance with these 

specifications. 

**END OF SECTION** 
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SECTION 16000 

 

GENERAL REQUIREMENTS FOR ELECTRICAL WORK 

 

 

PART 1--GENERAL 

 

1.01 DESCRIPTION 

 

 A. SCOPE: 

 

 This section specifies general requirements for electrical work for modifications to the 

Dilkon water system.  Detailed requirements for specific electrical items are specified in other 

sections but are subject to the general requirements of this section.  The electrical drawings and 

schedules included in this project manual are functional in nature and do not specify exact locations 

of equipment or equipment terminations.   

 

Schedule and coordinate work to minimize water system control outages.  Refer to 

Sections 01014 and 17900. 

 

Summary of work, is further detailed in Section 17000: 

 

1. Dilkon Pass Tank exists.  This site communicates with Dilkon Pass Pump 

Station via radio telemetry. Provide replacement telemetry.  Test telemetry to 

Dilkon Pass Pump Station. 

 

2. Provide replacement Dilkon Pass Pump Station.  Provide equipment and 

telemetry.  Test and verify operation of Station to control existing Dilkon 

Pass tank level.  Test telemetry to existing Dilkon Pass tank.  Provide 

SCADA. 

 

3. Dilkon Tanks exist.  This site communicates with existing Dilkon Pass Pump 

Station via existing radio telemetry.  The replacement Dilkon Pass Pump 

Station and Dilkon Pass Tank shall instead communicate via SCADA fiber 

optic network to the existing Dilkon Tanks.  Test telemetry to Dilkon Pass 

Pump Station and Dilkon Pass Tank.   

 

4. Provide telemetry units per details from Navajo Area Indian Health 

Service/NTUA – Technical Provisions 4.0 included in the Drawings. 

 

5. Provide work as specified and per Indian Health Services – Navajo Nation – 

Standard Drawings. 

 

  6. Provide testing per Sections 01660, 16030, and 17030. 
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  7. Provide arc flash hazard analysis and labeling per Section 16431.   

 

8. Telemetry PLC and touchscreen programming will be provided as specified 

in Paragraph 17000-1.01 B, coordinate work, programmers, and provide 

testing.  Refer also to Section 17000. 

 

9. Equipment to be Owner furnished: 

 

   a. Only that which is labeled as “EXISTING” on drawings. 

 

10. All replaced or removed items shall be salvaged.  Salvaged items shall be 

properly disconnected to retain their full salvage value and cleaned before 

turning over to the Owner. 

 

B. DEFINITIONS: 

 

  1. ELEMENTARY OR SCHEMATIC DIAGRAM:  A schematic (elementary) 

diagram shows, by means of graphic symbols, the electrical connections and functions of a specific 

circuit arrangement.  The schematic diagram facilitates tracing the circuit and its functions without 

regard to the actual physical size, shape, or location of the component devices or parts. 

 

  2. ONE-LINE DIAGRAM:  A one-line diagram shows by means of single 

lines and graphical symbols the course of an electrical circuit or system of circuits and the 

components, devices or parts used therein.  Physical relationships are usually disregarded. 

 

  3. BLOCK DIAGRAM:  A block diagram is a diagram of a system, 

instrument, computer, or program in which selected portions are represented by annotated boxes 

and interconnecting lines. 

 

  4. WIRING DIAGRAM OR CONNECTION SYSTEM:  A wiring or 

connection diagram includes all of the devices in a system and shows their physical relationship to 

each other including terminals and interconnecting wiring in an assembly.  This diagram shall be 

(a) in a form showing interconnecting wiring only by terminal designation (wireless diagram), or 

(b) a panel layout diagram showing the physical location of devices plus the elementary diagram. 

 

  5. ARRANGEMENT, LAYOUT, OR OUTLINE DRAWINGS:  An arrange-

ment, layout, or outline drawing is one which shows the physical space and mounting requirements 

of a piece of equipment.  It may also indicate ventilation requirements and space provided for 

connections or the location to which connections are to be made. 

 

1.02 QUALITY ASSURANCE 

 

 A. REFERENCES: 
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 This section contains references to the following documents.  They are a part of this section 

as specified and modified.  Where a referenced document contains references to other standards, 

those documents are included as references under this section as if referenced directly.  In the event 

of conflict between the requirements of this section and those of the listed documents, the 

requirements of this section shall prevail. 

 

 Unless otherwise specified, references to documents shall mean the documents in effect 

at the time of Advertisement for Bids or Invitation to Bid (or on the effective date of the 

Agreement if there were no Bids).  If referenced documents have been discontinued by the 

issuing organization, references to those documents shall mean the replacement documents 

issued or otherwise identified by that organization or, if there are no replacement documents, the 

last version of the document before it was discontinued.  Where document dates are given in the 

following listing, references to those documents shall mean the specific document version 

associated with that date, regardless of whether the document has been superseded by a version 

with a later date, discontinued or replaced. 

 

Reference Title 

NECA-1 National Electrical Contractors Association – Standard 

Practices for Good Workmanship in Electrical Contracting 

NFPA National Fire Protection Association 

NFPA-70 National Electrical Code (NEC) 2017 

NFPA-70E Electrical Safety in the Workplace 

ACI 318 Building Code Requirements for Structural Concrete 

 Navajo Area Indian Health Service/NTUA – Technical 

Provisions 4.0 

 Indian Health Service – Navajo Nation – Standard Drawings 

 

 B. IDENTIFICATION OF LISTED PRODUCTS: 

 

 Electrical equipment and materials shall be listed for the purpose for which they are to be 

used, by an independent testing laboratory.  Three such organizations are Underwriters Laboratories 

(UL), Canadian Standards Association (CSA), and Electrical Testing Laboratories (ETL).  

Independent testing laboratory shall be acceptable to the inspection authority having jurisdiction. 

 

 When a product is not available with a testing laboratory listing for the purpose for which it 

is to serve, the product may be required by the inspection authority, to undergo inspection at the 

manufacturer's place of assembly.  All costs and expenses incurred for such inspections shall be 

included in the original contract price. 

 

 C. FACTORY TESTS: 
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 Where specified in the individual product specification section, factory tests shall be 

performed at the place of fabrication and performed on completion of manufacture or assembly.  

The costs of factory tests shall be included in the contract price. 

 

D. POWER UTILITY: 

 

 The power utility is Navajo Tribal Utility Authority (NTUA). 

 

1. Coordinate power utility disconnection and connection with the power 

utility.  Provide installations per their requirements. 

 

2. Provide submittals per paragraph 1.03 B. 

 

1.03 SUBMITTALS 

 

 The following submittals shall be provided in accordance with Section 01300: 

 

 A. SHOP DRAWINGS: 

 

1. A copy of this specification section, with addendum updates included, and 

all referenced and applicable sections, with addendum updates included, 

with each paragraph check-marked to indicate specification compliance or 

marked to indicate requested deviations from specification requirements.  

Check marks shall denote full compliance with a paragraph as a whole.  If 

deviations from the specifications are indicated, and therefore requested by 

the Contractor, each deviation shall be underlined and denoted by a number 

in the margin to the right of the identified paragraph, referenced to a detailed 

written explanation of the reasons for requesting the deviation.  The 

Construction Manager shall be the final authority for determining 

acceptability of requested deviations.  The remaining portions of the 

paragraph not underlined will signify compliance on the part of the 

Contractor with the specifications.  Failure to include a copy of the marked-

up specification sections, along with justification(s) for any requested 

deviations to the specification requirements, with the submittal shall be 

sufficient cause for rejection of the entire submittal with no further 

consideration. 

 

2. A copy of the contract document Drawings E-100 through E-110 relating 

to the submitted equipment, with addendum updates that apply to the 

equipment in this section, marked to show specific changes necessary for 

the equipment proposed in the submittal.  If no changes are required, the 

drawing or drawings shall be marked "no changes required".  Failure to 

include copies of the relevant drawings with the submittal shall be cause 

for rejection of the entire submittal with no further review. 
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3. Catalog cuts of equipment, devices, and materials for products to be 

provided.  Catalog information shall include technical specifications and 

application information, including ratings, range, weight, accuracy, etc.  

Catalog cuts shall be edited to show only the items, model numbers, and 

information which apply.  Submit catalog cuts for only the following: 

 

 a. Service Entrance Meter Socket. 

  

b. Any proposed alternates to specified manufacturers and model 

equipment. 

 

B. POWER UTILITY: 

 

1. After shop drawing review, submit Service Entrance Meter Socket to power 

utility for review.  Submit separate submittals for each of the following sites: 

 

   a. Dilkon Pass Pump Station. 

 

    

1.04 DRAWINGS 

 

 Where the Contractor is required to provide information on drawings as part of the specified 

work, such drawings shall be prepared on 11 by 17 inch drafting media complete with borders and 

title blocks clearly identifying project name, equipment and the scope of the drawing.   

 

Drawing quality and size of presentation shall be such as to permit 50 percent reduction of 

such drawings for insertion in operation and maintenance manuals. 

 

1.05 PROJECT/SITE CONDITIONS 

 

            A. GENERAL: 

 

 Unless otherwise specified, equipment and materials shall be sized and derated for the 

ambient conditions specified in Section 01800, but not less than an ambient temperature of 

45 degrees C at an elevation ranging from sea level to 6,500 feet without exceeding the 

manufacturer's stated tolerances. 

 

 B. CORROSIVE AREAS: 

 

 The following areas are designated as corrosive: 

   

a.  Chlorine room. 

 

 C. HAZARDOUS (CLASSIFIED) AREAS: 
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 The following areas are designated as hazardous (classified) in accordance with the NEC:  

None. 

 

 D. SEISMIC: 

 

 Electrical equipment, supports, and anchorage shall be designed and installed in accordance 

with the seismic design requirements specified in Section 01900 and on the Structural drawings.   
 

1.06 STORAGE OF MATERIALS AND EQUIPMENT 

 

 Materials and equipment shall be stored as specified in paragraph 01605-3.0 E.   Equipment 

and materials to be located indoors shall be stored indoors and sealed with plastic film wrap. 

 

 

PART 2--PRODUCTS 

 

2.01 EQUIPMENT AND MATERIALS 

 

 A. GENERAL: 

 

 Equipment and materials shall be new and free from defects.  All material and equipment of 

the same or a similar type shall be of the same manufacturer throughout the work.  Standard produc-

tion materials shall be used wherever possible. 

 

 B. EQUIPMENT FINISH: 

 

Unless otherwise specified, electrical equipment shall be painted by the manufacturer.  

  

2.02 600 VOLT WIRE AND CABLE 

 

A. INSULATION: 

 

1. MEPR/CPE multi-conductor control cable, XLP or CPE insulation and 

jacket. 

 

2. XHHW-2 for single conductors 

 

3. THWN for indoor lighting and receptacles 

 

4. PVC jacket and insulation for shielded signal cables. 

 

5. Coaxial cable as specified in Section 17000. 

 

6. Ethernet cable, CAT6 with factory attached RJ-45 connections. 

 

7. SOOW or SJOOW for portable cord. 
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B. CONDUCTORS: 

 

1. Copper, stranded per ASTM B8. 

 

C. COLOR CODING: 

 

1. CONTROL CONDUCTORS: 

 

Single-conductor control conductors shall have the following colors for the 

indicated voltage: 

 

Control Conductor 120V 

Power (AC) Black 

Control (AC) Red 

Neutral White 

Ground Green 

Power (DC) Blue 

Control (DC) Violet 

 

 

2. POWER CONDUCTORS: 

 

Power conductors shall have the following colors for the indicated voltage: 

 

Power Conductor 480V 208/120V 

Phase A Brown Black 

Phase B Orange Red 

Phase C Yellow Blue 

Ground Green Green 

Neutral - White 

 

 

Cables may be black with colored 3/4-inch vinyl plastic tape applied at each cable 

termination. Tape shall be wrapped with 25 percent overlay to provide 3 inches minimum 

coverage. 

 

3. SIGNAL CONDUCTORS: 
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Signal cable conductors shall be color coded black and white for pairs or black, 

white, and red for triads. 

 

D. SPLICING AND TERMINATING MATERIALS: 

 

Connectors shall be tool applied compression type of correct size and UL listed for the 

specific application. Connectors shall be tin-plated high conductivity copper. 

 

Connectors for wire sizes No. 8 AWG and larger shall be compression tool installed one-

hole lugs up to size No. 3/0 AWG, and two-hole or four-hole lugs for size No. 4/0 and larger. 

Mechanical clamp, dimple, screw-type connectors are not acceptable. In-line splices and taps 

shall be used only by written consent of the Construction Manager. 

 

Power conductor splices shall be compression type, made with a compression tool die 

approved for the purpose, as made by Thomas and Betts Corp., or equal. Splices shall be covered 

with electrical products designed for the application, insulated, and covered with a heat-

shrinkable sleeve or boot, as specified elsewhere. 

 

Motor connection kits shall consist of heat-shrinkable, polymeric insulating material over 

the connection area and high dielectric strength mastic to seal the ends against ingress of 

moisture and contamination. Motor connections may use the Tyco Electronics removable boot 

product line. 

 

E. CORD GRIPS: 

 

Cord grips shall be provided where indicated on the Drawings to attach flexible cord to 

equipment enclosures. Cord grips shall consist of a threaded aluminum body and compression 

nut with a neoprene bushing and stainless steel wire mesh for strain relief. Cord grip shall 

provide a watertight seal at enclosure interface and sized to accommodate the flexible cord. 

 

F. WIRE MARKERS 

 

Each power and control conductor shall be identified at each terminal to which it is 

connected.  Conductors size No. 10 AWG or smaller shall have identification sleeves.  Conductors 

No. 8 AWG and larger shall use cable markers of the locking tab type.  Tabs shall be white plastic 

with conductor identification number permanently embossed. 

 

Conductors shall be identified in accordance with paragraph 16000-1.07 B.  Adhesive strips 

are not acceptable.  

 

The letters and numbers that identify each wire shall be machine printed on sleeves with 

permanent black ink with figures 1/8 inch high.  Sleeves shall be yellow or white tubing and sized to 

fit the conductor insulation.  Shrink the sleeves with hot air after installation to fit the conductor.   

 

Conductor and Wire Marker Manufacture:  
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1. TMS Thermofit Marker System by Raychem Co 

 

2. Sleeve style wire marking system by W. H. Brady Co. 

 

3. Or equal.   

 

2.03 RACEWAY  

 

A. BOXES AND GUTTERS: 

 

1. Chlorine addition and storage room:  Non-metallic, NEMA 4X. 

 

  2. Booster control room, outdoors:  Painted Steel, NEMA 3R. 

   

B. SUPPORTS, HANGERS, AND RACKS: 

 

1. Chlorine addition and storage room:  Stainless Steel or Fiberglass. 

 

  2. Booster control room, outdoors:  Galvanized Steel. 

 

C. RACEWAY: 

 

  1. Chlorine addition and storage room:  PVC coated rigid steel. 

 

  2. Booster control room, outdoors:  Galvanized rigid steel. 

  

2. Underground:  PVC schedule 40, taped or PVC coated rigid steel 90 degree 

elbows at transition to above-ground. 

 

3. Final connections:  Liquidtight flexible conduit. 

 

D. RACEWAY MARKERS: 

 

  1. Solid brass with 0.036-inch minimum thickness. 

 

2. Raceway number stamped or engraved in 3/16-inch minimum height 

characters 

 

3. Attached to the raceway with 316 stainless steel wire. 

 

4. Engraving per circuits shown on panel schedules and one-line diagrams. 

 

E. UNDERGROUND MARKING TAPE 
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Underground detectable marking tape shall be for early warning protection of digging 

around direct buried cables, conduits, and concrete duct banks.  Tape shall be OSHA approved.  

 

Marking tape example: Low density polyethylene plastic, nominally 6 inches wide and 4 

mil thickness with metallic lined tape with red polyethylene film on top and clear polyethylene 

film on the bottom. Tape shall be imprinted with a warning continuously along the length similar 

to:   "CAUTION - STOP DIGGING - BURIED ELECTRIC LINE BELOW."   

 

Tape Products: Brady "Identoline"; Services and Materials "Buried Underground Tape"; 

Somerset (Thomas & Betts) "Protect-A-Line"; or equal. 

 

2.04 COMPONENTS 

 

 A. 120V RECEPTACLES: 

 

 Receptacle shall be duplex, 20 ampere, NEMA 5-20R, and shall accept NEMA 5-15P and 

5-20P plugs.  Receptacle and plug shall be corrosion resistant, marine duty with polycarbonate 

weatherproof-in-use covers.   

 

Manufacturers: Hubbell 53CM62/53CM21, or equal. 

 

 B. SWITCHES: 

 

 Switches shall be 20-ampere with weatherproof/ corrosion resistant neoprene plate. 

Switches shall be mounted in "FS" type copper-free aluminum or PVC mounting boxes. 

 

Manufactures:  Hubbell or Arrow-Hart as follows: 

 

 Hubbell 

with 17CM50 plate 

Arrow-Hart 

with 2881 plate 

Single pole 1281 2991 

Double pole 1282 2992 

3-way 1283 2993 

4-way 1284 2994 

 

 C. DEVICE PLATES: 

 

 Device plates shall be corrosion-resistant/marine-duty type. 

  

D. LUMIINAIRES: 

 

Provide as specified on drawings.  Provide lamps where applicable. 
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E. GROUND RODS: 

 

 Ground rods shall be copper covered steel, 3/4-inch diameter and 10-feet long.  Rods shall 

have threaded type removable caps so that extension rods of same diameter and length may be 

added where necessary. 

 

F. GROUNDING CONNECTORS: 

 

1. Compression connections shall be irreversible, cast copper as manufactured 

by Thomas and Betts, or equal. 

 

  2. Bolted connectors shall be Burndy, O. Z. Gedney, or equal. 

 

3. Exothermic welding products shall be Erico’s Cadweld Plus system with a 

remotely operated battery powered electronic ignition device and moisture 

resistant weld metal cup for the required mold, or equal. 

 

G. TEST WELLS: 

 

 Provide concrete test well with cover and connect the ground grid extension using a 

removable connector.  

 

H. TERMINAL BLOCKS: 

 

 Unless otherwise specified, terminal blocks shall be panhead strap screw type.  Terminals 

shall be provided with integral marking strips that permanently identify with the connecting wire 

numbers as shown on the drawings: 

 

1. Terminal blocks for P-circuits (power 208-600 volts)  

a. Rated not less than the conductor current rating  

b. Rated less than 600 volts AC. 

 

2. Terminal blocks for C-circuits and S-circuits: 

a. Rated not less than 20 amperes 

b. Rated less than 600 volts AC. 

 

3. Terminals shall be tin-plated.   

 

4. Insulating material shall be nylon. 

 

I. MANUAL STARTERS: 

 

Manual starters shall comprise a horsepower rated quick-make, quick-break, toggle 

mechanism together with overloads in all phase conductors.  Size the overload relay elements for 

the actual nameplate full load amperes of the motor connected to the starter. 
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2.05 EQUIPMENT 

 

 A. TRANSFORMERS: 

 

Provide as specified on drawings. 

   

B. LOAD CENTERS: 

 

1. Provide as specified on drawings. 

 

2. Provide metal oxide varistor (MOV) surge protective device (SPD) 

integral within each panelboard that indicates the status and condition of 

the SPD, tested per NEMA LS-1, rated IEEE C3 Combined Wave of 20kV 

and 10kA with 200kAIC internal fusing and listed /  labeled per UL 1449. 

 

3. Provide “Circuit Directory and Circuit Identification” in accordance with 

NEC 408.4.  Each circuit shall be of sufficient detail to allow each circuit 

to be distinguished from other circuits.  Circuit identification shall include 

load location and provide equipment or instrument Tag Number and Tag 

Description, where shown on the drawings. 

   

 C. SAFETY DISCONNECT SWITCHES: 

 

 Heavy duty fused and non-fused disconnect switches with current range of 30 to 600 

amperes shall be provided as shown on the drawings with the enclosure type matching the area 

rating. Provide lock-off provision for a hasp padlock. Provide visible knife blades through a cover 

viewing window. Provide shielded or insulated line terminals with quick-make / quick-break switch 

operator. Provide internal barrier kit for additional personnel barrier from accidental contacts with 

live parts. Provide a legend plate with equipment tag, equipment description, and power feeder 

circuit source and location identification. 

 

Fuse clips shall be Class R rejection type and sized for UL Class R, one-time, time-delay 

fuses.  Fuse assembly shall have a minimum short circuit capacity of 100,000 amps symmetrical. 

Provide fuses as shown and one set of spare fuses with each switch. 

 

D. SERVICE ENTRANCE METER SOCKET: 

 

Provide as specified on drawings. 

   

 E. TELEMETRY PLC: 

 

 Provide as specified on drawings.  Refer also to Spec. 17110. 

 

F. DOOR SWITCH: 
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Provide as specified on drawings. 

   

2.06 NAMEPLATES 

 

 A. MATERIALS: 

 

Nameplates shall be made from laminated phenolic plastic.   

 

1. Nominal size: 3/4 inch high by 2 inches long.   

 

2. Black backgrounds with 3/16-inch white letters.   

 

3. Fastened using self-tapping stainless steel screws. 

 

B. ENGRAVING: 

 

1. Abbreviations shall be submitted to the Construction Manager prior to 

manufacture because of space limitations.   

 

2. Nameplate adhesives will not be permitted on the outside of enclosures. 

 

3. Provide nameplate for each electrical equipment item engraved as follows:  

(EQUIPMENT NAME) / (VOLTAGE) VOLTS. 

 

2.07 PRODUCT DATA 

 

 The following information and product data specified under individual specification sections 

shall be provided in accordance with Section 01300. 

 

1. Applicable operation and maintenance information on an item-by-item basis 

in accordance with Section 01730.  Include final reviewed submittal. 

 

2. Test results for motors and electrical systems on the forms specified in 

Section 16030.  A file of the original test results shall be maintained by the 

Contractor.  Prior to acceptance of work, the resulting file shall be provided 

to the Construction Manager. 

 

3. Record documents specified in Section 01720 and paragraph 16000-3.03. 

 

 

PART 3--EXECUTION 

 

3.01 GENERAL 
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 A. CONSTRUCTION: 

 

 The work under Division 16 shall be performed in accordance with these specifications. 

 

Refer to the National Electrical Contractors Association’s (NECA) National Electrical 

Installation Standards (NEIS) for Standard Practices for Good Workmanship in Electrical 

Contracting (NECA-1) as a minimum baseline of quality and workmanship for installing 

electrical products and systems that defines what is meant by “neat and workmanlike” as 

required by the National Electrical Code Section 110-12.  Specified requirements supersede 

NECA practices. 

 

Electrical layout drawings are diagrammatic, unless otherwise detailed or dimensioned.  The 

Contractor shall coordinate the location of electrical material or equipment with the work. 

 

Major electrical openings may compromise the structural integrity of the slab and wall 

elements.  Major electrical openings are defined as openings or penetrations greater than two 

times the wall thickness in any dimension, and include duct bank transitions into a building 

through structural elements.  Major electrical openings shall be constructed according to standard 

details on the drawings, up to an opening dimension of three feet.  For opening dimensions 

greater than three feet, construct walls and slabs as specifically detailed on the drawings for that 

case. Major electrical openings proposed by the Contractor shall be submitted to the Structural 

Engineer of Record for the project for review.   

 

Minor changes in location of electrical material or equipment made prior to installation shall 

be made at no cost to the Owner. 

 

B. CONDUITS IN CONCRETE CONSTRUCTION: 

 

Conduits for power, control and instrumentation may be embedded in and pass through 

concrete construction subject to the limitations in this paragraph.   Where concrete strength or 

serviceability requirements prevent the direct embedment of conduit, provide adequate support, 

bracing, and serviceability details: 

 

1. Concrete strength shall not be impaired significantly by the embedment of 

conduits in or through structural sections.  

 

2. Conduit layout shall conform to the requirements of ACI 318, Sections 3.3 – 

Aggregates and 6.3 – Conduits and Pipes Embedded in Concrete. 

 

3. Conduits shall be treated similarly to reinforcing steel for purposes of 

clearance.  In general, code sections require conduit spacing the greater of:  

 

a. 1.33 times the maximum concrete aggregate size, clear 

 

b. Three diameters center to center  
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Alternate spacing and layout shall be as reviewed and accepted by the 

Engineer.   

 

4. Conduit and raceway penetrations through walls and slabs where one side is 

a conditioned or an occupied space and the other side not, or one side has 

liquid or groundwater contact and the other not, shall be detailed and 

constructed to prevent liquid and moisture penetration through the wall or 

slab section for each conduit.  

 

 C. HOUSEKEEPING: 

 

 Electrical equipment shall be protected from dust, water and damage.  Motor control 

centers, switchgear, and buses shall be wiped free of dust and dirt, kept dry, and shall be vacuumed 

on the inside within 30 days of acceptance of the work. 

 

 Before final acceptance, the Contractor shall touch up any scratches on equipment. 

 

 Electrical equipment temporarily exposed to weather, debris, liquids, or damage during 

construction shall be protected as specified in paragraph 01605-3.0 F. 

 

 D. ELECTRICAL EQUIPMENT LABELING 

 

 Electrical equipment shall have field marked signs and labeling to warn qualified persons of 

the potential electric arc flash hazards per NEC Article 110.16 Flash Protection. 

 

 Electrical equipment shall have NFPA 70E labels installed stating the results of the Arc 

Flash analysis specified in Section 16431 Short Circuit and Protective Device Coordination Study 

Report. 

 

 Electrical distribution equipment and utilization equipment shall be field labels to identify 

the power source and the load as specified. Refer to NEC Article 110.22 for Identification of 

Disconnecting Means installation criteria. Specific information is required such as the equipment 

tag number and equipment description of both the power source and the load equipment. 

  

E. MOTOR CONNECTIONS 

 

Verify that the motors are purchased with the correct size motor termination boxes for the 

circuit content specified as shown on the power single line diagrams or submit custom fabrication 

drawing indicating proposed motor termination box material, size, gasket, termination kit, 

grounding terminal, motor lead connection method, and motor terminal box connection/support 

system. Verify the motor termination box location prior to raceway rough-in. 

 

 F. CONDUCTOR INSTALLATION 
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An enclosure containing disconnecting means, overcurrent devices, or electrical 

equipment shall not be used as a wireway or raceway for conductors not terminating within the 

enclosure. Provide wireways, raceways, termination boxes, or junction boxes external to the 

enclosure for the other conductors.  

 

3.02 TESTING 

 

 A. GENERAL: 

 

 Refer to Section 16030. 

  

3.03 RECORD DOCUMENTS 

 

 Contract documents shall be maintained and annotated by the Contractor during 

construction, including the record drawings specified in Section 01720. 

 

 

**END OF SECTION** 
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SECTION 16030 

 

ELECTRICAL ACCEPTANCE TESTING 

 

 

PART 1--GENERAL 

 

1.01 DESCRIPTION 

 

 A. SCOPE: 

 

This section specifies the acceptance testing of electrical materials, power distribution and 

utilization equipment and circuits.  Contractor shall provide all labor, tools, material, power, and 

other services necessary to provide the specified tests. 

 

B. SCHEDULE: 

 

 Provide testing for all equipment at the following sites: 

 

1. Dilkon Pass Pump Station. 

 

  2. Existing Dilkon Pass Tank. 

  

3. Communications of tank level from existing Dilkon Tanks to Dilkon Pass 

Pump Station. 

  

1.02 REFERENCES: 

 

 This section contains references to the following documents.  They are a part of this section 

as specified and modified.  Where a referenced document contains references to other standards, 

those documents are included as references under this section as if referenced directly.  In the event 

of conflict between the requirements of this section and those of the listed documents, the 

requirements of this section shall prevail. 

 

 Unless otherwise specified, references to documents shall mean the documents in effect 

at the time of Advertisement for Bids or Invitation to Bid (or on the effective date of the 

Agreement if there were no Bids).  If referenced documents have been discontinued by the 

issuing organization, references to those documents shall mean the replacement documents 

issued or otherwise identified by that organization or, if there are no replacement documents, the 

last version of the document before it was discontinued.  Where document dates are given in the 

following listing, references to those documents shall mean the specific document version 

associated with that date, regardless of whether the document has been superseded by a version 

with a later date, discontinued or replaced. 
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Reference Title 

 

 

 

NFPA-70 

           National Electrical Code (NEC) 

 

 

1.03 SUBMITTALS 

 

 A. PRE TEST: 

 

1. Functional testing and checkout procedures and schedule shall be submitted 

in accordance with Section 01300. 

 

PART 2--PRODUCTS 

 

2.01 TEST EQUIPMENT AND MATERIALS 

 

 Test instruments shall be calibrated to references traceable to the National Institute of 

Standards and Technology and shall have a current sticker showing date of calibration, deviation 

from standard, name of calibration laboratory and technician, and date recalibration is required. 

 

2.02 PRODUCT DATA 

 

 In accordance with Section 01300, the Contractor shall submit the completed test report 

forms for each site as specified in Part 3 herein. 

 

PART 3--EXECUTION 

 

3.01 TESTING 

 

 A. GENERAL: 

 

 The following specified tests, including correction of defects where found and the 

subsequent re-testing, shall be completed prior to energization of the equipment or systems.  Submit 

all completed test report forms in a 3-ring binder type notebook at the project Substantial 

Completion date. 

 

A 1,000 volt megohmmeter shall be used for insulation resistance measurements. 

  

 B. INSULATION RESISTANCE MEASUREMENTS: 

 

  1. GENERAL:  Insulation resistance measurements shall be made on 

conductors and electrical equipment that will carry current.  Minimum acceptable values of 

insulation resistance shall be in accordance with the applicable NETA-ATS, ICEA, NEMA, or 
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ANSI standards for the equipment or material being tested.  The ambient temperature at which 

insulation resistance is measured shall be recorded on the test form. 

 

  2. CONDUCTOR AND CABLE TESTS:  The phase-to-ground insulation 

resistance shall be measured for all circuits 120 volts and above except lighting circuits.  

Measurements may be made with motors and other load equipment connected. Insulation resistance 

measurements shall be recorded in a format similar to Form 16000-A and 17000-A contained in 

Section 01999, and submitted for acceptance.  Insulation with resistance of less than 10 megohms is 

not acceptable. 

 

  3. MOTOR TESTS:  The Installed Motor Test Form, 16000-B, contained in 

Section 01999, shall be completed for each motor after installation and submitted for acceptance.  

All motors shall have their insulation resistance measured before they are connected.   

 

 Motors 50 HP and larger shall have their insulation resistance measured at the time of 

delivery and when they are connected.  Insulation resistance values less than 50 megohms are not 

acceptable. 

 

 Verify that motors are connected to rotate in the correct direction.  Verification may be 

accomplished by momentarily energizing the motor, provided the Contractor confirms that neither 

the motor nor the driven equipment will be damaged by reverse operation. 

 

  4. POWER DISTRIBUTION EQUIPMENT:  Transformers, panelboards, and 

other power distribution equipment shall have their insulation resistance measured phase-to-phase 

and phase-to-ground.  Utilize forms 16000-C and D provided in Section 01999 as examples. 

 

  5. POWER UTILIZATION EQUIPMENT: Test receptacles and power outlets 

using a device to verify polarity, grounding, and the correct wiring connections. 

 

 C. FUNCTIONAL TESTING: 

 

Contractor shall submit a description of proposed functional test and checkout procedures 

conforming to the following requirements, including a schedule for conducting these procedures, 

not less than 30 days prior to the performance of functional testing. 

 

Prior to functional testing, all protective devices shall be adjusted and made operative. 

 

Prior to energization of associated equipment, perform a functional checkout of all electrical 

and instrumentation control circuits as specified in the following and in Division 17.  Checkout shall 

consist of energizing each control circuit and operating each control, alarm, safety device, and each 

interlock, in turn, to verify that the specified action occurs.   

 

3.02 PROTECTIVE DEVICE FIELD SETTINGS 

 

 The Contractor or Study Firm shall verify, and certify in the acceptance test final report, 

that the protective device coordination study settings for new and existing equipment based on the 
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Short Circuit and Protective Device Coordination Report specified in Section 16431 have been 

implemented.  

 

3.03 ARC FLASH SIGN INSTALLATION 

 

 The Contractor shall install the Arc Flash Hazard signs per direction from Section 16431 

Study Firm. 
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**END OF SECTION** 
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SECTION 16124 

 

SINGLE MODE FIBER OPTIC 

DATA COMMUNICATION SYSTEM 

 

PART 1--GENERAL 

 

1.01 SCOPE 

 

This section specifies requirements for indoor/outdoor rated single-mode fiber optic data 

communication cables including installation, terminations, termination cabinets, testing, and 

accessories. 

 

Provide tools, supplies, materials, equipment, test equipment and the labor for the 

raceways system, cable installation, and testing of a complete and operable fiber optic cabling 

system as specified herein on the Cable Specification Sheets.  

 

Provide fiber optic cable with each fiber usable and tested as specified herein. 

 

Provide the fiber optic cable terminations, splices, and appurtenances required to 

complete the fiber optic cabling system.  Appurtenances are specified in Section 17110. 

 

Refer to the drawings and drawing notes for specific requirement for the project, since 

not all specified products, methods, and procedures are applicable to the project. 

 

1.02 QUALITY ASSURANCE 

 

A. MANUFACTURER: 

 

Equipment and cabling shall be the product of firms regularly engaged in the design and 

manufacturer of equipment and cables for a minimum of five years.  Manufacturer shall have 

minimum of seven years experience and shall be ISO 9001 certified. 

 

B. INSTALLER: 

 

Installation, termination, and testing of equipment and cabling provided under this 

section shall be performed by qualified, skilled technicians regularly engaged in fiber optic 

cabling system work of similar complexity and who possess the licenses or certificates required 

to perform such work. 

 

C. REFERENCES: 

 

 This section contains references to the following documents.  They are a part of 

this section as specified and modified.  Where a referenced document contains references to 

other standards, those documents are included as references under this section as if referenced 
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directly.  In the event of conflict between the requirements of this section and those of the listed 

documents, the requirements of this section shall prevail. 

 

 Unless otherwise specified, references to documents shall mean the documents in 

effect at the time of Advertisement for Bids or Invitation to Bid (or on the effective date of the 

Agreement if there were no Bids).  If referenced documents have been discontinued by the 

issuing organization, references to those documents shall mean the replacement documents 

issued or otherwise identified by that organization or, if there are no replacement documents, the 

last version of the document before it was discontinued.  Where document dates are given in the 

following listing, references to those documents shall mean the specific document version 

associated with that date, regardless of whether the document has been superseded by a version 

with a later date, discontinued or replaced. 

 

Reference Title 

AASHTO HS-20 Truck Loading 

ASTM F 512 Smooth-Wall Poly (Vinyl Chloride)(PVC) Conduit and Fittings for 

Underground Installation 

ANSI/ICEA S-87-640 Standard for Optic Fiber Outside Plant Communications Cable. 

ANSI/TIE/EIA 568-B.3 Commercial Building Telecommunications Cabling Standard part 3 

BELLCORE GR-20-CORE Generic Requirements for Optical Fiber and Optical Fiber Cables 

BELLCORE GR-409-CORE Generic Requirements for Intrabuilding Fiber Cable 

BELLCORE GR-487-CORE Generic Requirements for Electronic Equipment Cabinets 

BELLCORE GR-771-CORE Generic Requirements for Fiber Optic Splice Closures 

ISO 9001 Quality Management Systems 

ITU G.652 Recommendation - Characteristics of a single-mode optical fiber 

cable. 

ANSI/NECA 301 National Electrical Contractors Association – Standard for Installing 

and Testing Fiber Optic Cables 

TIA/EIA-455-86 FOTP-86  Fiber Optic Cable Jacket Shrinkage 

TIA/EIA-455-107A FOTP-107  Determination of Component Reflectance or 

Link/System Return Loss Using a Loss Test Set 

TIA/EIA-526-7 Measurement of Optical Power Loss of Installed Single-Mode Fiber 

Cable Plant 

TIA/EIA-598-B Standard for Optical Fiber Cable Color Coding 

NFPA 70 National Electric Code (NEC) 

 

 

D. FACTORY TEST: 
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Manufacturer’s factory testing shall be conducted for all fiber optic cable reels provided 

for this Contract.  Test documentation shall include the following: 

 

1. Measurement of fiber length using Optical Time Domain Reflectometer 

(OTDR). 

 

2. Measurement of average attenuation using OTDR. 

 

3. Traces of OTDR measurements taken. 

 

4. Test for short distance cable fault detection using Visual Tracer. 

 

E. CERTIFICATION: 

 

Splicing, terminating, and testing shall be conducted by Fiber Optics Association 

Certified Fiber Optic Technicians (CFOT). 

 

1.03 SUBMITTALS 

 

The following information shall be submitted for review in accordance with Section 

01300: 

 

A. Product Literature: 

 

1. A copy of this specification section, with addendum updates included, and 

all referenced and applicable sections, with addendum updates included, 

with each paragraph check-marked to indicate specification compliance or 

marked to indicate requested deviations from specification requirements.   

A check mark shall denote full compliance with a paragraph as a whole.  If 

deviations from the specifications are indicated, and therefore requested 

by the Contractor, each deviation shall be underlined and denoted by a 

number in the margin to the right of the identified paragraph, referenced to 

a detailed written explanation of the reasons for requesting the deviation.  

The Construction Manager shall be the final authority for determining 

acceptability of requested deviations.  The remaining portions of the 

paragraph not underlined will signify compliance on the part of the 

Contractor with the specifications.  Failure to include a copy of the marked-

up specification sections, along with justification(s) for any requested 

deviations to the specification requirements, with the submittal shall be 

sufficient cause for rejection of the entire submittal with no further 

consideration. 

 

2. A copy of the contract document Drawings for E-102, and process and 

instrumentation drawing I-001 that apply to the equipment in this section 
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marked to show specific changes necessary for the supplied equipment.  If 

no changes are required, the drawings shall be marked “No Changes 

Required.”  Manufacturer’s specifications, data sheets, and catalog 

literature for the indoor/outdoor rated fiber optic cable that clearly and 

unambiguously shows that the cable meets all the requirements specified 

herein.  

 

3. A copy of the contract document Drawing C-100 that apply to the 

equipment in this section marked to show specific changes necessary for 

the supplied equipment.  If no changes are required, the drawings shall be 

marked “No Changes Required.”  Manufacturer’s specifications, data 

sheets, and catalog literature for the indoor/outdoor rated fiber optic cable 

that clearly and unambiguously shows that the cable meets all the 

requirements specified herein.  

 

4. Manufacturer's catalog literature and catalog data sheets for the following 

items, marked to indicate products proposed, as applicable to the project:  

 

a. Fiber optic cables including manufacturers’ maximum 

recommended pulling tension. 

 

b. Fiber optic cable termination connectors. 

 

c. Not used. 

 

d. Not used. 

 

e. Fiber optic adapter plug-in. 

 

f. Fiber optic patch cord storage. 

 

g. Fiber optic cable clamp kit. 

 

h. Connector/Adapter cleaning kit. 

 

i. Not used. 

 

j. Not used.  

 

k. Cable pulling grips, swivel, and lubricant. 

 

5. Shop drawings: 
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a. Interconnection cable diagrams for each SCADA Network Cabinet 

to the existing cable splice location, showing each fiber in each 

cable with each splice and termination point. 

 

B. Qualifications: 

 

1. Contractor's experience and resumes for the personnel installing and 

testing the fiber optic system including factory training certifications. 

 

2. Information on five successfully performed cable installations of 

comparable size and complexity with name, address, and telephone 

number of facility owner, name of project and completion date, and type 

of conduit system and length of cable pulled. 

 

3. Proof of certification for splicing, terminating, and testing personnel per 

paragraph 1.02 E.  

 

C. Not used. 

 

D. Fiber cable pulling and splicing plan as specified in Part 3. 

 

E. Submit cable samples for review that include the specified cable marking. 

 

 

PART 2--PRODUCTS 

 

2.01 GENERAL 

 

Provide fiber optic cable jacket: free of holes, splits, and blisters with no metal elements 

and of a consistent thickness.  

 

2.02 CONDUIT 

 

Provide 4 -inch diameter PVC Schedule 40 conduit that shall be direct buried as shown. 

 

2.03 PULL BOXES   

 

Unless otherwise shown, provide pull boxes with the approximately dimensions of 

30 inches wide by 48 inches long, by 18” deep with hollow bottoms, designed for H-20 traffic 

loading.   

 

Pull box covers shall be galvanized steel with the words "FIBER OPTICS" in raised 

letters on the upper surface.  Covers shall have locking devices and form a watertight seal to 

prevent surface water from entering. Knockouts in the sidewalls shall permit underground 

conduit side entry and exit.   
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Pull boxes shall by George Ingraham, Vikamatic or equal. 

 

2.04 CONDUIT SEALANT 

 

Conduit sealant shall be Semco duct sealing compound or equal. 

 

2.05 IDENTIFICATION TAPE 

 

Provide a 6-inch wide magnetically detectable warning tape with orange protective 

polyethylene jacket.  Provide polyethylene tape continuously imprinted "CAUTION-FIBER 

OPTIC CABLE".   

 

Identification warning tape shall be Teletrace by George Ingraham, Vikamatic, or equal. 

 

2.06 TRACER WIRE 

 

Provide a #12 AWG XHHW insulated green stranded copper wire with a multi-pin 

terminal block for termination of the tracer wire in concrete manhole / pullbox for tracer wire 

access.  

 

2.07 PULL ROPE 

 

Provide a low friction, polyethylene jacketed, polypropylene rope with 1,800 psi of 

tensile strength.   

 

Pull rope shall be Vikamatic "Fiber Glide" or equal. 

 

2.08 NOT USED 

 

2.09 SLACK ENCLOSURES 

 

Provide slack enclosure with minimum inside dimensions of 30 inches x 24 inches x 9-

1/2 inches.  

 

Slack enclosure shall be Carlon SLK 12 or approved equivalent. 

 

2.10 NOT USED 

 

2.11 CABLE IDENTIFICATION TAGS 

 

Provide identification tags:  

“FROM: ________ TO:_______CIRCUIT:___________PURPOSE:__________”.   

 

Cable identification tags shall be Brady or Thomas & Betts or equal. 
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 2.12 FIBER OPTIC BUFFERED CABLE CONNECTORS AND PATCH CORDS 

 

A. GENERAL: 

 

 Provide preparation for the connections including polishing, connectors, hardware, 

cleaving tool, continuity tester, visual fault locator, and supplies for installation of connectors.  

Terminations shall be type, as required by the Switch specified in Section 17110. Fusion-spliced 

pigtails are not acceptable.  

 

Fiber optic cable connections shall be provided with ceramic ferrules, polycarbonate not 

acceptable.   

 

B. CONNECTOR CHARACTERISTICS: 

 

Connectors shall be specifically designed for fiber optic buffered cables specified herein.   

 

C. PATCH CORD CHARACTERISTICS: 

 

Patch cords shall be 8.3 μm single 125 μm coated duplex fiber with jacket and connectors 

on both ends.  Attenuation shall be a maximum of 0.2 dB.  Provide length required for 

connection from patch panel to equipment.  Color:  Yellow. 

 

2.13 FIBER OPTIC PANELS 

 

A. GENERAL: 

 

Fiber optic patch panels shall consist of a system of components for routing, supporting, 

and terminating the fiber optic cables specified herein.  Coordinate supply with Section 17110 

SCADA Network Cabinet, panels may be included therein. 

 

B. DESCRIPTION: 

 

Provide the following: 

 

1. Rack-mounted type fiber optic patch panels constructed of aluminum or 

steel with removable hinged metal doors, slide rails that permit the patch 

panel to slide in and out of the unit while being fully supported.   

 

2. Rack modules mounting hardware, cable clamps and grommets, cable 

routers, storage decks, connector racks, and items for a complete system. 

 

3. 1U high rack units with a machine printed port labeling system. 

 

4. Cable routers and storage decks to retain cables’ minimum bending radius.   
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5. Sufficient quantity of ports to terminate the number of fiber strands 

specified and blank covers for unused port spaces. 

 

6. One port for each fiber in accordance with the specified cable type. 

 

2.14 PRODUCT DATA 

 

The following information and product data specified shall be provided in accordance 

with Section 01300. 

 

1. Factory test results as specified in paragraph 1.02. 

 

2. Cable pull records as specified in Part 3. 

 

3. Results of all tests specified in Part 3. 

 

 

PART 3--EXECUTION 

 

3.01 RACEWAY SYSTEM 

 

A. CONDUIT INSTALLATION: 

 

Conduit bends shall have a radius of 24 times the conduit diameter. Conduit sections 

shall be joined in accordance with the manufacturers' recommendations and shall be watertight. 

 

Conduits entering pull boxes shall be capped or sealed watertight. Conduits entering 

access concrete manholes and vaults shall be terminated with flush end bells.  Provide bushings 

on ends of conduits entering pull boxes. 

 

Annular spaces around the conduit and precast unit walls shall be grouted. Bedding and 

backfill shall be as specified for the pipeline trench.  

 

Concrete encasement shall be red concrete in accordance with Section 03300 placed at 

least 4 inches thick below and above the conduit.  

 

Provide identification tape above underground conduit along the entire length of the 

conduit route  

 

Provide and install fiber cable identification tags in each access vault, pullbox, and/or 

vault 

 

Tracer wire shall be installed in the trench with fiber optic cable conduit and at pullbox / 

manholes with ten feet of tracer wire coiled and secured as specified herein. 
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B. PULL BOX INSTALLATION: 

 

Pull boxes shall be installed on a compacted level foundation consisting of 4 inches of 

granular material. Backfilling around pull boxes shall not be done until mortar sealant has 

thoroughly set.  

 

Install the pull box covers with the top of the cover flush with the finished grade.  Install 

pull boxes in soil areas with top of the cover 3 inches above the final grade level of the restored 

surface to prevent accumulation of dirt, silt and debris on the top of the cover. Perform conduit 

integrity tests for each section between the pull boxes after backfilling and compaction using the 

test and procedures described in this Section, prior to installation of the pull rope. 

 

Pull boxes shall be free of debris and water, ready for cable installation upon final 

acceptance of the conduit system. Pull box conduit entries shall be sealed with grout to prevent 

the intrusion of water and debris into the pull boxes.  Use red urethane: Greybar catalog #02044 

or equal. 

 

C. CONDUIT SYSTEM CLEANING AND TESTING: 

 

Conduits shall be cleaned of loose material by brush and compressed air following the 

backfill placement and compaction.  Provide a test mandrel approximately 3/8 inch smaller than 

the inside diameter to be passed through conduits to detect alignment and deformation problems. 

Remove and replace conduit that fails the mandrel test. The replacement conduit shall then be 

cleaned and tested as described herein. 

 

Cleaning and testing of the conduit shall be witnessed by the Construction Manager for 

conduit sections between adjacent pull boxes or manholes for the entire conduit route.  Provide 

5-day advance notice of the schedule and test location to the Construction Manager.   

 

D. NOT USED 

 

E. NOT USED 

 

F. NOT USED 

 

3.02 FIBER OPTIC SYSTEM 

 

A. FIBER OPTIC CABLE INSTALLATION AND SPLICING PLAN: 

 

Submit 30 days prior to cable installation.   

 

Air assisted cable placement method using high speed air blowing, push-pull, cable 

jetting plan with the procedure, the equipment setup, and a work plan. 
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Work plan shall include the following: 

 

1. Pull tension calculations.   

 

2. Indicate additional pull boxes required, including station number and a 

written description of the location. 

 

3. Detailed description of pull operation methods for raceways. 

 

4. Tools and equipment for cable installation and testing 

 

5. Physical location of equipment setup and type 

 

6. Exact location of splice points 

 

7. Safety Plan and cable pulling operations 

 

8. Detailed schedule for pulling and testing cables 

 

B. FIBER OPTIC CABLE INSTALLATION: 

 

Fiber optic cable handling and storage shall be performed in accordance with the 

manufacturer’s recommendations. The cable installation personnel shall be experienced with 

specific knowledge of the cable manufacturer's recommended procedures. Cable reel lagging 

shall remain on the cable reels until they arrive at the installation site.  If the lagging has been 

removed, securely fasten the cable ends to avoid damage during transit. The cable shall not be 

left exposed or unattended during the installation process. Verify cable is not damaged during 

storage and installation. 

 

Cable tension shall not exceed the manufacturer’s specification for tensile loading.  

Pulling tension shall be continuously monitored and recorded during installation.  Fiber cable 

shall be pulled in a steady continuous manner.  The bending radius of the cable shall not be 

exceeded.  Cable tension monitoring devices shall not exceed cable pull tension and bend limits. 

 

Cable shall be installed in continuous lengths without intermediate splices.  Cable shall 

be provided without splices except as shown on the plans.  If additional splices are required, 

advanced approval of the Construction Manager shall be obtained.   

 

Additional cable shall extend to the nearest clean and level work area. Coils shall 

measure 100 feet for splice work locations.  

 

Cable strength elements shall be properly attached to a pulling eye and 600 lb breakaway 

swivel.  Kellums pulling grips are not allowed except for short-length hand pulls. 
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Cable and conduits shall be lubricated during the pulling procedures. Each pullbox / 

concrete manhole / vault shall contain cable coiled into a slack loop and stored in a slack 

enclosure.  

 

Tensile and bending limitation shall not be exceeded when power equipment is used to 

install cables. Tension monitoring shall use commercial dynamometers or load-cell instruments 

with chart recorder.  Large diameter wheels, pulling sheaves, and cable guides shall maintain the 

specified bending radius.  

 

Cable shall be installed using a hydraulic capstan or winch equipped with a recording 

running line dynamometer graph which measures and records pulling tensions.  Provide 

Polywater Type 5 lubricant, or equal. 

  

Cable pull records shall be documented by a graph which is annotated with the following 

information: 

 

1. Reel number. 

 

2. Station or pullbox from and station or pullbox to. 

 

3. Date and time. 

 

4. Explanations for abnormalities in readings or interruptions. 

 

5. Sign-off by Contractor and Construction Manager. 

 

6. Submit fiber optic pull records as specified herein. 

 

Racking shall conform to the following: 

 

1. Loosely secure cables in racked position with Ty-Raps or equal.  

 

2. Attach imprinted plastic coated cloth identification/warning tags to the 

cable in at least two locations in each pullbox/concrete manhole/vault.   

 

3. Provide tags manufactured by Brady or Thomas & Betts. 

 

Protect coiled cable to prevent damage to the cable and fibers with racking securing 

cables to brackets and racking hardware that extend from the sidewalls of the handhole. When 

cables are securely racked, unused conduits and void areas around conduit containing cables 

shall be sealed. In concrete manholes and vaults, coiled cable shall be placed into a slack 

enclosure to prevent damage to the cable and fibers. 

 

Provide Semco compound or equal material. 
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C. FIBER OPTIC CABLE SPLICING AND TERMINATIONS: 

 

Prior to beginning the splicing, provide a work area to protect the cable splices from 

physical damage.   

 

Work shall be performed by trained and FOA certified technicians and in accordance 

with the manufacturer’s recommendations in the performance of installation, splicing and 

termination work.   

 

Active and spare fiber optic cables fibers shall be provided with a breakout kit, and 

terminated with ST type terminations.   

 

Splices shall have a loss no greater than 0.15 dB, as determined by either a Profile 

Alignment System (PAS) or Light Injection (LID) splice loss estimate, at the time the splice is 

made.  Splices with an optical loss of greater than 0.15 dB shall be redone.                                        

 

Indoor splices shall be mounted in a splice tray and the splice trays may be stored in 

either a separate indoor rack mounted splice module or within the patch panel. Outdoor splices 

shall be in an outdoor plant splice NEMA 3 or NEMA 4X enclosure as shown. 

 

3.03 FIBER OPTIC TESTING: 

 

The Construction Manager shall be notified a minimum of 5 days prior to tests and 

reserve the right to witness field tests.    

 

A. TEST EQUIPMENT:  

 

Test equipment shall be traceable to NIST standards. Use the following to perform the 

pre-installation and post-installation cable tests:  

 

Optical time domain reflectometer (OTDR) shall be laser precision, ALT, Inc. Model 

5200 LRFL or equal. 

 

B. PRE-INSTALLATION TESTS:   

 

Perform acceptance tests on the cable prior to installation to verify that the cable 

conforms to the manufacturer's specifications, and is free of defects, breaks and damages by 

transportation and manufacturing processes.  Perform tests on all reels of cable.  Cable shall not 

be installed until the Construction Manager has reviewed the test report. 

 

Verify continuity and attenuation or loss for each fiber on each reel and document results 

of physical inspections to identify any cable and reel damage conditions, and any deviations 

from the manufacturer's specifications.  
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Notify the Construction Manager 5 days prior to tests. Document test results and submit 

the report to the Construction Manager for review.  Documentation shall consist of both hard 

copy and electronic disk complete with application software.  

 

C. POST-INSTALLATION TESTS:   

 

1. OTDR:  Conduct the following tests on each cable segment with an OTDR 

each optical fiber in the fiber cable.  Tests shall be conducted at both 1310 and 1550 nm.  No 

splice loss shall have a loss of 0.15 dB or greater with fiber attenuation measured in dB/km. 

 

Excess Fiber Coefficient (EFC) Test shall be made as part of the cable testing.  The 

following procedure shall be performed from both ends on each fiber provided. 

 

a. Prior to stripping the cable for splicing, record the meter marks to 

determine the physical cable length. 

 

b. Record the fiber Index of Refraction (IOR) from the cable data 

submitted by the Manufacturer. 

 

c. With the OTDR, set to the proper IOR and record the OTDR fiber 

length. 

 

d. Calculate the excess fiber coefficient (EFC) according to the 

following formula: EFC = OTDR length/Sheath length 

 

2. OLTS FIBER ATTENUATION:  Measure the attenuation of each optical 

fiber in both directions using a with an Optical Loss Test Set (OLTS)  at both 1310 nm and 1550 

nm.  Test shall be conducted per TIA/EIA 526-7.  Provide a reference power level measured with 

a patch cord and connectors of the same types used on the fiber cable.  Measure and record the 

reference power level of the Laser Light Source. Measure and record the received power level of 

each optical. Repeat the same measurements in the other direction. 

 

The measured insertion loss shall be no greater than the loss calculated in the formula 

below:    

 

IL = 2(Ls) + 2(Lc) + (La)(Length) + 0.5 

   

where: 

 

IL  =  Insertion Loss 

Ls  =  Splice losses at the pigtails (maximum 0.15 dB) 

Lc  =  Connector face loss (maximum 0.6 dB) 

La  =  Manufacturer’s cable attenuation (dB/km) 

Length = Fiber length (km) 
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D. CABLE ACCEPTANCE: 

 

Pigtail splices shall have a loss no greater than 0.15 dB, as determined by either a Profile 

Alignment System (PAS) or Light Injection (LID) splice loss estimate, at the time the splice is 

made.  Splices with an optical loss of greater than 0.15 dB shall be redone.  

 

OTDR traces at both 1310 nm and 1550 nm wavelengths display no unexplained losses, 

reflectance events, or other discontinuities. 

 

The insertion losses measured at both 1310 nm and 1550 nm wavelengths and in both 

directions do not exceed the maximum allowed values.   After cable tests, the cable installation 

shall be subject to a physical inspection to verify the remaining fiber optic specification 

requirements have been met.  If any test requirements are not met, or in the event of fiber test 

failure of one or more fibers, splice or replace cable as necessary until tests pass. 

 

E. FIBER OPTIC SYSTEM ACCEPTANCE:  

 

Perform the inspection and establish a punch-list of the following: 

 

1. Fiber splices:  neatly organized. 

 

2. Connectors: capped and undamaged. 

 

3. Cabling:  organized with no excessive bending. 

 

4. Specified coiled cable present in the splice cabinet. 

 

5. Cable entrances to the cabinets secured. 

 

6. Unused cable delivered to the Owner. 

 

Identify cables with the directories installed in each fiber cabinet. Discrepancies found 

during the inspection of the fiber system installation shall be listed and provided on the punch-

list.  Inform the Construction Manager upon resolution and completion of the punch-list items.    

 

3.04 CABLE SPECIFICATION SHEETS (CABLESPEC) 

 

A. GENERAL: 

 

Cable types for different locations, service conditions and raceway systems are specified 

on individual cable specification sheets.  Cables that are scheduled herein shall be installed in 

accordance with the CABLESPEC SHEETS. 

 

Single mode fiber optic cables shall meet the requirements of the referenced ANSI, 

ICEA, ITU, TIA, and EIA standards for outside plant data communications cable. 
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CABLESPEC SHEETS: 

 

The following CABLESPEC sheets are included in this section: 

 

Type Volt Product Purpose 

FOC-SM 300 FIBER OPTIC CABLE INDOOR/OUTDOOR  DATA 

COMMUNICATION 
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3.04 CABLE SPECIFICATION SHEET--CABLESPEC 

 

Cable System Identification: 

 

FOC-SM 

 

Description: 

 

Single Mode Fiber Optic Data Cable;  6-pair fiber conductor:  

 

Outdoor; Heavy Duty-MFPT; Cable Tray Rated   

 

Loose tube construction.  Optical fibers shall not adhere to 

the inside of the buffer tube. 

 

Fibers and buffer tubes shall be color coded with distinct and 

recognizable colors in accordance with EIA/TIA-598-B. 

 

Material: 

 

8.2/125/250 micron 

 

Jacket: 

 

Chlorinated Polyethylene (CPE)  

 

Color: Yellow or Black 

 

Mark the exterior sheathing with the manufacturer's name, 

month and year of manufacture, and sequential meter or foot 

markings for easily determining the length of the cable at all 

points along the cable run. 

 

Provide a telecommunication handset symbol as required by 

Section 350G of the National Electrical Safety Code® 

(NESC®), fiber count, and fiber type.   
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Type:  

 

OFNR with industrial cable tray rating and IEEE flame test 

rated:  802.3Z 

 

Fiber Type:  Single Mode 

 

Clad Diameter:  125  ± 0.7 µm 

 

Coating Diameter:  245  ± 5 µm 

 

Core Diameter:  8.2  µm  

 

Attenuation: ≤ 0.35 db/km @ 1310 nm 

 ≤ 0.25 db/km @ 1550 nm 

 

Operating Temperature Range:  -40 to +70 Deg C  

 

Maximum Tensile Loading:  600 lbf 

 

Minimum Cable Bending Radius:  10 x diameter  

 

Manufacturers: 

 

Corning Cable Systems 

Alcoa Fujikura  

Corning SMF-28e fiber 

or approved equal 

 

Execution: 

 

Application: Data Communications.  

 

Installation: 

 

Install in accordance with manufacturers instructions and as 

specified. 

 

Testing: 

 

Test as specified above. 

 

 

**END OF SECTION**
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SECTION 16431 

 

ARC FLASH AND SHOCK RISK ASSESSMENT, SHORT CIRCUIT STUDY,  

AND PROTECTIVE DEVICE COORDINATION REPORT 

 

 

PART 1--GENERAL 

 

1.01 DESCRIPTION 

 

 A. GENERAL: 

 

 This section specifies that the Contractor subcontract an independent full member NETA 

Engineering and Study Firm / Testing Firm to prepare: 

 

1. Electrical equipment short circuit study (SCS). 

 

2. Protective device coordination study (PDCS) report. 

 

3. Arc flash analysis (AFA) and labeling. 

  

B. SCHEDULE: 

 

 Provide study, report, and labeling for all equipment at the following sites: 

 

1. Dilkon Pass Pump Station. 

   

C. SCOPE: 

 

 The Short Circuit and Protective Device Coordination Report shall include analysis 

including Utility Company equipment that affect the installed equipment’s short circuit ratings, 

protective device ratings and protective device settings.  

 

Report shall also include analysis of the equipment’s short circuit ratings, protective device 

ratings and protective device settings affected by the installed equipment. 

 

Report shall include the results of the arc flash hazard analysis study for energized electrical 

equipment in accordance with the methods outlined in IEEE Standard 1584 and stated hereinafter.  

 

Work shall include the fabrication of signs with the arc flash hazard study results and the 

installation of the signs on the equipment in accordance with NFPA 70E Table 3-3.9.3 that includes 

the personnel protective equipment (PPE) risk category, the energy available, and the clothing 

recommendation. 

 



ARC Flash and Shock Risk Assessment, Short Circuit Study, and  

Protective Device Coordination Report 

16431-2 

Dilkon Pass Booster 

Contract Issue 

1.02 QUALITY ASSURANCE 

 

A. REFERENCES: 

 

 This section contains references to the following documents.  They are a part of this section 

as specified and modified.  Where a referenced document contains references to other standards, 

those documents are included as references under this section as if referenced directly.  In the event 

of conflict between the requirements of this section and those of the listed documents, the 

requirements of this section shall prevail. 

 

 Unless otherwise specified, references to documents shall mean the documents in effect 

at the time of Advertisement for Bids or Invitation to Bid (or on the effective date of the 

Agreement if there were no Bids).  If referenced documents have been discontinued by the 

issuing organization, references to those documents shall mean the replacement documents 

issued or otherwise identified by that organization or, if there are no replacement documents, the 

last version of the document before it was discontinued.  Where document dates are given in the 

following listing, references to those documents shall mean the specific document version 

associated with that date, regardless of whether the document has been superseded by a version 

with a later date, discontinued or replaced. 

 

Reference Title 

IEEE 141 Recommended Practice for Electric Power 

Distribution for Industrial Plants 

IEEE 242 Recommended Practice for Protection and 

Coordination of Industrial and Commercial Power 

Systems 

NFPA 70E Standard for Electrical Safety in the Workplace 

NETA ATS Acceptance Testing Specifications for Electrical 

Power Distribution Equipment and Systems, 1999 

 

B. QUALIFICATIONS: 

 

 The short circuit and coordination report shall be performed, and signed by the professional 

electrical engineer (Study Firm) responsible for the studies and registered to practice engineering in 

the state of Arizona. 

 

1.03 SCHEDULE 

 

 The report shall be completed, submitted to the Construction Manager for acceptance and 

reworked to include the Construction Manager comments and corrections, as required. The report 

shall be approved by the Construction Manager prior to purchase and fabrication of electrical 

equipment including switchgear. 
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A copy of the Construction Manager accepted report shall be sent by the Contractor to all 

affected manufacturers prior to fabrication.   

 

1.04 SUBMITTALS 

 

 The report specified in this Section shall be provided in accordance with Section 01300. 

 

 

PART 2--PRODUCTS 

 

2.01 REPORT 

 

 The product shall be a certified report summarizing the short circuit and coordination study 

and conclusions or recommendations which may affect the integrity of the electric power 

distribution system.   

 

A. REQUIREMENTS: 

 

As a minimum, the report shall include the following: 

 

  1. The equipment manufacturer's information used to prepare the study. 

 

  2. Power Utility Company system information applicable to the project. 

  

  3. Short circuit calculations listing short circuit levels at each bus. Provide a 

sketch of the bus and use both the project term and the bus-code-name to 

identify the bus, branches, sources, loads. Base the system on the Project 

One-Line diagram. 

 

  4. Coordination study time-current curves including the instrument transformer 

ratios, model numbers of the protective relays, and the relay settings 

associated with each breaker. 

 

  5. Comparison of short circuit duties of each bus to the interrupting capacity of 

the equipment protecting that bus. 

 

6.   Data used as input to the report that includes cable impedances, source   

 impedances, equipment ratings for the equipment being purchased for  

 the project, etc. 

 

7.       Assumptions made during the study. 

 

 

PART 3--EXECUTION 
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3.01 GENERAL 

 

 Provide a short circuit and coordination study on the electrical power distribution system as 

specified and as described in Section 6.1 of NETA ATS.  The studies shall be performed in 

accordance with IEEE Standards 141 and 242 and shall utilize the ANSI method of short circuit 

analysis in accordance with ANSI C37.010. 

 

The studies shall be performed using actual equipment data.  The coordination study shall 

use the data from the same manufacturer of protective relay and overcurrent devices as being 

provided by the equipment manufacturer.  

 

For new equipment, the Contractor shall provide copies of final reviewed equipment 

submittals upon request by the Study Firm. 

 

Any power distribution equipment outages shall be scheduled in advance and coordinated 

with the Owner to limit water service outages. 

 

3.02 NOT USED 

 

3.03 SHORT CIRCUIT STUDY 

 

 The Contractor shall be responsible to obtain and verify all data needed to perform the 

study.  As a minimum, the short circuit study shall include the following: 

 

 A. ONE-LINE DIAGRAM: 

 

  1. Location and function of each protective device in the system, such as relays, 

direct-acting trips, fuses, etc. 

 

  2. Type designation, current rating, range or adjustment, manufacturer's style 

and catalog number for all protective devices. 

 

  3. Power, voltage ratings, impedance, primary and secondary connections of all 

transformers. 

 

  4. Type, manufacturer, and ratio of all instrument transformers energizing each 

relay. 

 

  5. Nameplate ratings of all motors and generators. 

 

  6. Sources of short circuit currents such as utility ties, generators, and induction 

motors. 
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  7. Significant circuit elements such as transformers, cables, breakers, fuses, 

reactors, etc. 

 

  8. Emergency as well as normal switching conditions, as applicable. 

 

  9. The time-current setting of existing adjustable relays and direct-acting trips, 

as applicable. 

 

 B. IMPEDANCE DIAGRAM: 

 

  1. Available MVA, voltage, and impedance from the power utility company. 

 

  2. Local generated capacity impedance. 

 

  3. Bus impedance. 

 

  4. Transformer and/or reactor impedances. 

 

  5. Cable impedances. 

 

  6. Equipment impedances. 

 

  7. System voltages. 

 

  8. Grounding scheme for the project: resistance grounding, solid grounding, or 

no grounding. 

 

 C. CALCULATIONS: 

 

  1. Determine the paths and situations where short circuit currents are the 

greatest. 

 

  2. Study shall address bolted faults and calculate the 3-phase and line-to-

ground short circuits of each case. 

 

  3. Calculate the maximum and minimum fault currents. 

 

3.04 ARC FLASH AND SHOCK RISK ASSESSMENT  

 

 The Contractor shall be responsible to obtain and verify all data needed to perform the 

study.  The arc flash and shock risk assessment study shall include the following IEEE Standard 

1584 nine step analysis process: 

 

  1. Collect system and installation data. 
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2. Determine modes of operation. 

 

3. Determine bolted fault current. 

 

4. Determine arc fault current. 

 

5. Determine protective device characteristic and arc fault duration. 

 

6. Document system voltages and equipment class. 

 

7. Select working distances. 

 

8. Calculate incident energy. 

 

9. Calculate the arc flash protection boundary. 

  

3.05 PROTECTIVE DEVICE COORDINATION STUDY 

 

 As a minimum, the coordination study for the power distribution system shall include the 

following on 5-cycle, log-log graph paper: 

 

  1. Time-current for each protective relay or fuse showing graphically that the 

settings will provide protection and selectivity within industry standards.  

Each curve shall be identified, and the tap and time dial settings shall be 

specified. 

 

  2. Time-current curves for each device shall be positioned to provide for 

maximum selectivity to minimize system disturbances during fault clearing.  

Where selectivity cannot be achieved, the Construction Manager shall be 

notified as to the cause. 

 

  3. Time-current curves and points for cable and equipment damage. 

 

  4. Circuit interrupting device operating and interrupting times. 

 

  5. Indicate maximum fault values on the graph. 

 

  6. Sketch of bus and breaker arrangement. 

 

3.06 IMPLEMENTING PDCS SETTINGS 

 

 The Study Firm or Contractor shall implement the protective device coordination study 

settings on new equipment as required in Section 16030, based on the Engineers accepted Protective 
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Device Coordination Report specified herein and submit a final amended report of the Record As-

Built electrical equipment protective device settings subsequent to start-up and testing. 

 

3.07 ARC FLASH SIGN INSTALLATION 

 

 The Study Firm shall work with the Contractor for implementing the Arc Flash Hazard sign 

installation requirements for electrical equipment as specified in NEC Article 110.16 Flash 

Protection and NFPA 70E. 

 

 

**END OF SECTION**
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SECTION 17000 

 

GENERAL REQUIREMENTS FOR  

INSTRUMENTATION AND CONTROL  

 

 

PART 1--GENERAL 

 

1.01 DESCRIPTION 

 

 A. SCOPE:   

 

 This section specifies general requirements which are applicable to providing a complete, 

functional process control, instrumentation, communication, and telemetry systems and 

modifications to the Dilkon water system.  The requirements of this section are applicable to all 

work specified in Division 17 of these specifications.   

 

Schedule and coordinate work to minimize water system control outages.  Refer to 

Sections 01014 and 17900. 

 

Electrical requirements applicable to this work include those specified in Section 16000 

for general electrical requirements. 

 

 B. DESCRIPTION OF WORK: 

 

1. Dilkon Pass Tank exists.  This site communicates with Dilkon Pass Pump 

Station via radio telemetry. Provide replacement telemetry.  Test telemetry to 

Dilkon Pass Pump Station. 

 

2. Provide replacement Dilkon Pass Pump Station.  Provide equipment and 

telemetry.  Test and verify operation of Station to control existing Dilkon 

Pass tank level.  Test telemetry to existing Dilkon Pass tank.  Provide 

SCADA. 

 

3. Dilkon Tanks exist.  This site communicates with existing Dilkon Pass Pump 

Station via existing radio telemetry.  The replacement Dilkon Pass Pump 

Station and Dilkon Pass Tank shall instead communicate via SCADA fiber 

optic network to the existing Dilkon Tanks.  Test telemetry to Dilkon Pass 

Pump Station and Dilkon Pass Tank. 

 

4. Provide telemetry units per details from NTUA Technical Provisions 4.0 for 

Pump PLC Control Panel. 

 

5. Provide work as specified and per NTUA Standard Drawings and Indian 

Health Services – Navajo Nation – Standard Drawings. 
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 6. Provide testing per Sections 01660, 16030, and 17030. 

 

7. Telemetry PLC and touchscreen programming will be provided by Others.  

Programmer to program the following and witness testing.  Coordinate work, 

programmers, and provide testing for the following: 

 

 a. Dilkon Pass Tank telemetry replacement. 

 

 b. Dilkon Pass Pump Station replacement and SCADA addition. 

 

 c. Existing Dilkon Tanks telemetry program modifications as required 

for telemetry or SCADA modifications. 

  

8. Equipment to be Owner furnished: 

 

  a. Only that which is labeled as “EXISTING” on drawings.  

 

9. All replaced or removed items shall be salvaged.  Salvaged items shall be 

properly disconnected to retain their full salvage value and cleaned before 

turning over to the Owner. 

C. DEFINITIONS: 

 

1. SYSTEMS INTEGRATOR:  A firm engaged in the business of detailed 

control system design and engineering, instrumentation component purchase, system and panel 

assembly, programming, and implementing the specified process control and industrial 

automation systems. 

 

1.02 QUALITY ASSURANCE 

 

 A. REFERENCES: 

 

 This section contains references to the following documents.  They are a part of this 

section as specified and modified.  Where a referenced document contains references to other 

standards, those documents are included as references under this section as if referenced directly.  

In the event of conflict between the requirements of this section and those of the listed 

documents, the requirements of this section shall prevail.  Unless otherwise specified, references 

to documents shall mean the documents in effect at the time of Advertisement for Bids or 

Invitation to Bid (or on the effective date of the Agreement if there were no Bids).  If referenced 

documents have been discontinued by the issuing organization, references to those documents 

shall mean the replacement documents issued or otherwise identified by that organization or, if 

there are no replacement documents, the last version of the document before it was discontinued. 
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 Where document dates are given in the following listing, references to those documents 

shall mean the specific document version associated with that date, regardless of whether the 

document has been superseded by a version with a later date, discontinued or replaced. 

 

Reference Title 

IEEE 100 Standard Dictionary of Electrical and Electronics Terms 

ISA S5.4 Instrument Loop Diagrams 

ISA S20 Specification Forms For Process Measurement and Control 

Instrumentation, Primary Elements, and Control Valves 

ISA S51.1 Process Instrumentation Terminology 

ISA TR20.00.01 Specification Forms for Process Measurement and Control 

Instruments Part 1: General Considerations 

NEMA ICS 1 General Standards for Industrial Control and Systems 

 

 B. SYSTEMS INTEGRATOR RESPONSIBILITY: 

 

1. GENERAL  

 

a. The specified control system and instrumentation integration 

including panel building, instrument calibration, testing, start-up, 

operational testing, and training shall be performed by a Systems 

Integrator staffed with qualified personnel, possessing necessary 

equipment and experience in performing similar installations. 

 

b. The control system components shall, as far as practical, be of one 

manufacturer. 

 

c. The components, modules, devices, and control system equipment 

shall be recognized industrial quality products. Recognized 

commercial or office grade products are prohibited. 

 

d. The overall system performance shall be demonstrated to and 

accepted by Owner. 

 

2. SYSTEMS INTEGRATOR QUALIFICATIONS: 

 

a. The following Systems Integrators are pre-qualified to perform the 

work specified in Division 17 without the need to provide 

Evidence of Experience: 

 

1) None. 
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b. Contractor-proposed Systems Integrator shall be evaluated based 

on submittal of the following Evidence of Experience: 

 

1) Submit evidence of experience in performing three similar 

successful projects in the last five years with one project 

currently in progress or competed within the last two years. 

 

2) Submit project descriptions with contact names, addresses, 

and telephone numbers from the project Owner, General 

Contractor, and Principal Design Firm. 

 

3). Submit organization chart and resumes for proposed project 

personnel. 

 

4) Submit Training and Certification information.  

Completion of the following training courses or appropriate 

portions thereof or possession of the following 

certifications included with the Systems Integrator’s 

personnel experience requirements described above: 

 

a) Project manager:  Control System Engineer (CSE) 

registration, Professional Engineer (PE) registration. 

 

b) Systems engineer:  Control System Engineer (CSE) 

registration, Professional Engineer (PE) registration, 

or completion of the relevant core courses in the 

Engineering Skills Training program. 

 

c) Not used. 

 

d) Field instrument technician:  Certified Control 

Systems Technician (CCST) registration or 

completion of the relevant core courses in the 

Technical Skills Training program. 

 

e) Certified training programs, as offered by ISA. 

 

5) Submit financial data for Systems Integrator division when 

subsidiary to a parent corporation. Include two years of 

financial data.  

 

a) Financial Statement. 

 

b) Balance Sheet. 
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c) Dun & Bradstreet Report. 

 

 C. PROCESS EQUIPMENT COORDINATION 

 

1. Division 17 specified equipment shall be coordinated for proper operation 

with equipment related process equipment specified in other Divisions.  

 

2. Equipment shall be integrated, furnished, and installed in conformance 

with the drawings, specifications, and the recommendations of the 

equipment manufacturer and the related processes equipment 

manufacturers. 

 

3. Systems Integrator shall obtain manufacturer’s technical information for 

items of equipment not provided with, but directly connected to, the 

control system.  Provide the necessary coordination and components for 

correct signal interfaces between specified equipment and the control 

system. 

 

4. Systems Integrator shall coordinate with project subcontractors and 

equipment suppliers. 

 

5. Systems Integrator shall provide installation supervision for the duration 

of the project, a minimum of four man-weeks on-site. 

 

6. Conflicts between the plans, specifications, manufacturer/vendor drawings 

and installation instructions, etc., shall be presented to the Construction 

Manager for resolution before proceeding.   

 

1.03 ENVIRONMENTAL CONDITIONS 

 

A. GENERAL: 

 

 Specified data communication and process control equipment shall suitable for operation 

in indoor locations and in outdoor locations.  Ambient conditions are specified in Section 01800. 

 

 B. CORROSIVE LOCATIONS: 

 

 Corrosive locations:  Dilkon Pass Pump Station chlorine room. 
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1.04 FUNCTIONAL REQUIREMENTS 

 

 A. GENERAL: 

 

 The instrumentation and control system functions are shown on the drawings and 

specified in subsequent sections of Division 17.  The Systems Integrator drawings and 

integration practices shall be as defined in IEEE 100, ISA S51.1, and NEMA ICS 1. 

  

1.05 SUBMITTALS 

 

 The following information shall be provided in accordance with and Section 01300: 

 

A. SYSTEMS INTEGRATOR QUALIFICATIONS: 

 

1. Systems Integrator Evidence of Experience per paragraph 17000-1.02 B 3.  

Acceptable review required prior to any other Division 17 submittal. 

 

 B. SHOP DRAWINGS: 

 

1. A copy of this specification section, with addendum updates included, and 

all referenced and applicable sections, with addendum updates included, 

with each paragraph check-marked to indicate specification compliance or 

marked to indicate requested deviations from specification requirements.  

A check mark shall denote full compliance with a paragraph as a whole.   

If deviations from the specifications are indicated, and therefore requested 

by the Contractor, each requested deviation shall be underlined and 

denoted by a number in the margin to the right of the identified paragraph, 

referenced to a detailed written explanation of the reasons for requesting 

the deviation.  The Construction Manager shall be the final authority for 

determining acceptability of requested deviations.  The remaining portions 

of the paragraph not underlined will signify compliance on the part of the 

Contractor with the specifications.  Failure to include a copy of the 

marked-up specification sections, along with justification for requested 

deviations from the specification requirements, with the submittal shall be 

sufficient cause for rejection of the entire submittal with no further 

consideration. 

 

2. A copy of the contract document Electrical Drawings E-101, E-102 and E-

110 and Drawing I-001 relating to the submitted equipment, with 

addendum updates that apply to the equipment in this section, marked to 

show specific changes necessary for the equipment proposed in the 

submittal.  If no changes are required, the drawing or drawings shall be 

marked "no changes required".  Failure to include copies of the relevant 

drawings with the submittal shall be cause for rejection of the entire 

submittal with no further review. 
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3. A copy of the contract document NTUA Technical Provisions 4.0 for PLC 

Control Panel drawings relating to the submitted equipment, with 

addendum updates that apply to the equipment in this section, marked to 

show specific changes necessary for the equipment proposed in the 

submittal.  If no changes are required, the drawing or drawings shall be 

marked "no changes required".  Failure to include copies of the relevant 

drawings with the submittal shall be cause for rejection of the entire 

submittal with no further review. 

 

4. Nameplate list with material, tag number and description as specified 

herein. 

 

5. Catalog cuts of equipment, devices, and materials for products to be 

provided.  Catalog information shall include technical specifications and 

application information, including ratings, range, weight, accuracy, etc.  

Information shall include installation details/drawings, and electrical 

connection diagrams.  Catalog cuts shall be edited to show only the items, 

model numbers, and information which apply.  Submit catalog cuts for only 

the following: 

 

 a. Radio components, and list by location. 

 

 c. Flow meter and indicator. 

 

 c. Instruments and Controls specified on Drawings. 

   

 

PART 2--PRODUCTS 

 

2.01 GENERAL 

 

A. MATERIALS AND QUALITY: 

 

 Equipment material shall be new, free from defects, and industrial-grade, as specified.  

Each type of instrument, instrument accessory, and device used throughout the work shall be 

manufactured by one firm, where possible. 

 

 Equipment and components shall be as specified on the drawings referenced in Paragraph 

1.01 B, and in this Section where not specified on the drawings.   

 

 B. RADIO COMPONENTS:  

 

  1. Antenna, directional:  Kathrein SCALA TY-900, 10 dB Yagi. 
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2. Antenna, omni-directional:  None. 

 

3. Transmission Line:  Times Microwave LMR-400 with type N connectors. 

 

  4. CommScope Andrews 221213 or 3M 2212 tape kit. 

 

C. SUCTION PRESSURE TRANSMITTER:  

 

1. NEMA 4/IP 67, stainless steel wetted parts, 4-20mA output.  Provide 0-60 

psi range.  Wika C-10. 

 

D. OTHERS:  

 

  1. Flow meter:   

 

a. Refer to NTUA Technical Provisions W-14. 

 

b. Honeywell evoQ4 Electromagnetic with replaceable battery.  

Factory certified calibration. 

 

c. Honeywell MX 42 VP Module, pulse and Sensus protocol AMI 

encoder outputs. 

 

d. Honeywell EA_Water 3.0 AMI module, wall mount. 

 

 2. Flow indicator: 

 

  a. Red Lion PAXI0020, pulse input.  Configure for flow rate and 

total.  Provide interposing relay if required between MX 42 pulse output and indicator. 

 

  b. Red Lion optional 4-20mA analog output module. 

 

  c. NEMA 4 enclosure, minimum 12” x 8” x 6” deep.  Nameplate:  

“DISCHARGE FLOW RATE AND TOTAL”. 

 

2.02 NAMEPLATES 

 

Nameplates shall be provided for all field mounted instrument, analyzer, or equipment 

specified in Division 17. Nameplate lettering shall include the equipment or instrument loop title 

and the instrument or equipment tag number, where nameplate engraving is not specified or shown. 

Nameplates shall be machine engraved black phenolic with white 5/32-inch high lettering, as 

minimum, unless otherwise specified or shown. Nameplate wording may be changed without 

additional cost or time, if changes are made prior to commencement of engraving. 
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Nameplates shall be attached to support hardware with a minimum of two self-tapping type 

316 stainless steel screws in a readily visible location so the nameplate will remain to identify the 

service when the device is removed. Field instrument namplates shall be attached with braided 

stainless steel straps where not stand mounted. 

 

2.03 INSTRUMENTS 

 

A. FLOW METERS AND INDICATORS: 

 

Provide as specified on drawings. 

     

B. BOOSTER INSTRUMENTS: 

 

Provide as specified on drawings. 

   

 

2.04 PRODUCT DATA 

 

 The following Product Data shall be provided in accordance with Section 01300. 

 

1. Record drawings specified by paragraph 17000-3.03 shall be provided in 

accordance with Section 01720. 

 

 Provide record drawing prints of all drawings following project start-up, 

but prior to acceptance of the work showing the final constructed state of 

the instrumentation and control systems. 

 

2. Operating and maintenance information shall be provided in accordance 

with Section 01730.  Include the following in each Operation and 

Maintenance manual: 

 

a. Final reviewed Submittals, including revised as-built record 

drawings. 

 

b. Manufacturer’s operation and maintenance instructions, edited for 

this project. 

 

c. Written record of menu configuration, jumpers, switch settings, 

and other configurable parameters for each instrument. 

 

 

PART 3--EXECUTION 

 

3.01 INSTALLATION 
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 A. GENERAL: 

 

 Equipment shall be installed in locations that are accessible for operation and 

maintenance services. Equipment not accessible shall be reinstalled at no cost to the Owner. 

 

Installation, calibration, settings, and testing procedures are specified in Section 17000 

and subsequent sections of Division 17 

 

 B. FIELD EQUIPMENT: 

 

Equipment shall be provided with ports and adjustable items accessible for in-place 

testing and calibration. Install equipment between 48 inches and 60 inches above the floor or 

permanent work platform.  Equipment shall be mounted to avoid shock or vibration that may 

impair operation. Equipment shall be mounted for unobstructed access and walkways. 

Equipment support systems shall not be attached to handrails, process piping or mechanical 

equipment. 

 

Instruments and cabinets supported by concrete walls shall be spaced 5/8 inch by strut 

channel between instrument or cabinet and wall. Block wall shall have additional installation 

supports, as required, to avoid damage to the wall. Equipment supports shall be hot-dip 

galvanized, 316L stainless steel in chlorine areas. 

 

Support systems including panels shall be designed in accordance with Section 01900 to 

prevent deformation greater than 1/8 inch in any direction under the attached equipment load and 

under an external load of 200 pounds. 

 

In wet or outdoor areas, conduit penetrations into instrument housing shall be made 

through the bottom (preferred) or side of enclosures to minimize water entry from around or 

from inside of conduits. Provide conduit hubs for connections and waterproof mastic for 

moisture sealant. 

 

Nameplates shall be provided for all field mounted equipment. Nameplates shall be attached 

to support hardware with a minimum of two self-tapping Type 316 stainless steel screws in a readily 

visible location, but such that if the field device is changed out, the nameplate will remain to 

identify the service. 

 

 C. ELECTRICAL POWER CONNECTIONS: 

 

 Equipment electric power wiring shall comply with Division 16. Power disconnect 

switches shall be provided within sight of equipment and labeled to indicate the specific 

equipment served and the power source location.  "Within sight of" is defined as having an 

unobstructed view from the equipment served and within 50 feet of the equipment served. 

 

 D. SIGNAL CONNECTIONS: 
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Equipment electric signal connections shall be made on terminal blocks or by locking 

plug and receptacle assemblies. Flexible cable, receptacle and plug assemblies shall be used 

where shown or specified.  

 

Jacketed flexible conduit shall be used between equipment and rigid raceway systems. 

Flexible cable assemblies may be used where plug and receptacle assemblies are provided and 

the installation is not subject to mechanical damage in normal use.  The length of flexible 

conduit or cord assemblies shall not exceed 2 feet.except where sufficient length is required to 

allow withdrawal of instruments for maintenance or calibration without disconnection of conduit 

or cord assemblies. 

 

3.02 FIELD TESTS AND INSPECTIONS 

 

A. DELIVERY INSPECTION: 

 

The Contractor shall notify the Owner's Representative upon arrival of any material or 

equipment to be incorporated into the work.  The Contractor shall remove protective covers or 

otherwise provide access in order that the Owner's Representative may inspect such items. 

 

B. INSPECTION AND INSTALLED TESTS: 

 

 Refer to Section 17030 – Process Instrumentation and Control System Testing. 

 

3.03 RECORD DOCUMENTS 

 

Contract document drawings shall be maintained and annotated by the Contractor during 

construction, including the record drawings specified in Section 16000 

 

 

**END OF SECTION**
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 SECTION 17030 

 

 PROCESS INSTRUMENTATION 

 AND CONTROL SYSTEM TESTING 

 

 

PART 1--GENERAL 

 

1.01 DESCRIPTION 

 

 This section specifies Contractor and Systems Integrator performance in testing and 

documentation of process instrumentation and control system materials and equipment (PICS).  

Additional specific testing has been added to Paragraph 3.03 per Navajo Area Indian Health 

Service – Technical Provisions for Motor Control Center and Tank Control Panel. 

 

 The term instrumentation covers field and panel instruments, primary sensing elements, 

transmitters, power supplies, and monitoring devices. 

 

 Provide the labor, tools, material, power, and services necessary to provide the process 

instrumentation and control system inspection and testing specified herein.  Coordinate all 

testing with Sections 01660 and 16030: 

 

 A. Factory Acceptance Testing (FAT) 

 

B. Pre-Operational Performance Testing Sequence: 

 

1. Telemetry PLC Control Panel 

 

2. Wiring Testing 

 

3. Telemetry Communications 

 

4. Instrumentation Calibration 

 

5. Loop Testing 

 

C. Functional Testing Sequence: 

 

1. Process Control Strategy Testing 

 

2. Control System Closed Loop Commissioning 

 

3. Functional Checkout 
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D. Operational Testing: 

 

1. System Acceptance Testing (SAT) 

 

1.02 QUALITY ASSURANCE 

 

 A. REFERENCES: 

 

 This section contains references to the following documents with additional references 

listed in Section 17000.  All references shall be to the current edition of the document unless 

specifically stated otherwise.  They are a part of this section as specified and modified.  In case 

of conflict between the requirements of this section and those of the listed documents, the 

requirements of this section shall prevail.  Unless otherwise specified, references to documents 

shall mean the documents in effect at the time of Advertisement for Bids or Invitation to Bid (or 

on the effective date of the Agreement if there were no bids).  If referenced documents have been 

discontinued by the issuing organization, reference to those documents shall mean the 

replacement documents issued or otherwise identified by that organization or, if there are no 

replacement documents, the last version of the document before it was discontinued. 

 

 Where document dates are given in the following listing, reference to those documents 

shall mean the specific document version associated with that date, whether or not the document 

has been superseded by a version with a later date, discontinued or replaced. 

 

Reference Title 

ISA S51.1  Process Instrumentation Terminology 

 

B. PROJECT LABELING 

 

 The items specifying project labeling herein shall include the following as a minimum:  

Owner’s name, facility name, project name, and project number. 

 

1.03 SUBMITTALS 

 

 Submittal material, to be submitted in accordance with Section 01300, shall consist of the 

following: 

  

A. PRE-TESTING SUBMITTAL: 

 

1. A copy of this specification section, with addendum updates included, and 

all referenced and applicable sections, with addendum updates included, 

with each paragraph check-marked to indicate specification compliance or 

marked to indicate requested deviations from specification requirements.  

A check mark shall denote full compliance with a paragraph as a whole.   
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If deviations from the specifications are indicated, and therefore requested 

by the Contractor, each requested deviation shall be underlined and 

denoted by a number in the margin to the right of the identified paragraph, 

referenced to a detailed written explanation of the reasons for requesting 

the deviation.  The Construction Manager shall be the final authority for 

determining acceptability of requested deviations.  The remaining portions 

of the paragraph not underlined will signify compliance on the part of the 

Contractor with the specifications.  Failure to include a copy of the 

marked-up specification sections, along with justification for requested 

deviations from the specification requirements, with the submittal shall be 

sufficient cause for rejection of the entire submittal with no further 

consideration. 

 

2. A marked copy of specification section 01660.   

 

  3. Control descriptions per paragraph 17030-2.02 C. 

 

  4. I/O Interface Summaries per paragraph 17030-2.02 D. 

 

  5. Testing status spreadsheets per paragraph 17030-2.02 A. 3. 

 

  6. Test procedures per paragraph 17030-3.01 D. 

 

  7. Proposed test forms per PART 3 of this Section 17030, detailed for each test 

for this project. 

 

  8. Certified Factory Calibration Reports for Flow Instruments. 

   

 B. FAT: 

 

 1. FAT schedule of tests and demonstrations, and location. 

 

 

PART 2--PRODUCTS 

 

2.01 GENERAL 

 

 Provide test forms, documentation, and records as specified in the following paragraphs.   

 

2.02 TESTING DOCUMENTATION 

 

 A. NOT USED 

 

 B. NOT USED 
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 C. CONTROL DESCRIPTION 

 

 Provide a control description outlining operation for each process area’s system.  The 

Control Description Specification Section 17900 may be used as a basis. 

 

 D. I/O INTERFACE SUMMARY 

 

 Provide I/O spreadsheets for each process area’s system.  Spreadsheets to include the 

following for each I/O point: 

 

1. Signal number/tag 

 

2. Annotation description that may be logically abbreviated and that is 

subject to approval. 

 

3.   Complete physical I/O channel designation and addressing or 

communication I/O register designation. 

 

4.   True/False status designations for digital I/O. 

 

5.   Process range; engineering units and any multipliers; and raw signal range 

count for analog I/O. 

 

6. Signals: Fixed point and scaled at the Controller with minimum four 

significant implied digits of scaling.  E.g.:  0 to 14.00 at Controller for a 

pH range of 0 to 14 at Operator Interface. 

 

7. Provide Operator Interface scaling to display decimal digits required. 

 

2.03 PRODUCT DATA 

 

 Provide the following product data submittal after completion of testing.  

 

 The following information shall be provided in accordance with specification 

Section 01300: 

 

1. Completed test forms per PART 3. 

 

2. List of factory calibrated items and calibration certificates. 

 

3. Record of radio modem readings per PART 3. 
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PART 3—EXECUTION 

 

3.01 GENERAL 

 

A. GENERAL REQUIREMENTS: 

 

 Materials, equipment, and construction included under this specification shall be inspected 

in accordance with this section and subsequent sections of this division.  Testing shall be performed 

by the Contractor in accordance with this and subsequent sections of this Division. 

 

 No required test shall be applied without prior notice to the Construction Manager.  Between 

60 and 70 days before the commencement of any testing activity, the Contractor shall provide a 

detailed step-by-step test procedure complete with forms for the recording of test results, testing 

equipment used, and a place for identification of the individual performing or, if applicable, 

witnessing the test. 

 

 Provide detail assistance to the Contractor in generating form 01660-A, customized for 

this project.  Submit detailed form prior to testing per the requirements of Section 01660. 

 

 B. TECHNICIAN QUALIFICATIONS: 

 

 Field instruments and analyzers shall be calibrated and set up by a certified instrument 

technician qualified to calibrate the instrumentation. 

 

 Technicians shall be qualified by completion and certification from training courses 

offered by The Instrumentation, Systems, and Automation Society (ISA), the instrumentation 

and analyzer manufacturer's training courses, or technician training courses at a recognized trade 

school that specializes in instrumentation calibration. 

 

 C. TEST EQUIPMENT AND MATERIALS:   

 

 Provide test equipment to conduct the specified tests that simulate inputs and read outputs 

with a rated accuracy at the point of measurement at least three times greater than the component 

under test.   

 

 Test instruments shall have a current calibration sticker showing date of calibration, 

deviation from standard, name of calibration laboratory and technician, and date recalibration is 

required.  Certified calibration reports traceable to the National Institute of Standards and 

Technology shall be included with the final test report. 

  

 Provide buffer solutions and reference fluids for tests of analytical equipment. 

 

 D. FIELD TEST PROCEDURE DOCUMENTATION: 
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 Test procedures submitted for approval within 60 days prior to the start of testing.  

 

 Test procedures for each analog and discrete loop in the process control system shall be 

organized and assembled in separate volumes for each process area. Final test records shall be 

submitted in electronic form by scanning and converting the records and files to Adobe PDF 

format, to preserve actual signatures and signoffs. 

  

 Test procedure documentation shall include a detailed, step-by-step description of the 

required test procedure, panel and terminal block numbers for points of measurement, input test 

values, expected resultant values, test equipment required, process setup requirements, and safety 

precautions.  

 

 Test report forms for each loop, including forms for wiring, piping, and individual 

component tests, shall be included with the test procedure documentation.  The actual test results 

shall be recorded on these forms and a final test report assembled as specified in paragraph 

17030-3.05. 

 

 Test report forms shall be preprinted and completed to the extent possible prior to 

commencing testing. Test report forms that document the field test procedures shall include the 

following information: 

 

  1. Project name. 

 

  2. Process area associated with the equipment under test. 

 

  3. Instrument loop description. 

 

  4. Instrument loop identification number. 

 

  5. Instrument nameplate data. 

 

  6. Instrument setup and configuration parameters. 

 

  7. Time and date of test. 

 

  8. Inspection checklist and results. 

 

  9. Reference to applicable test procedure. 

 

  10. Expected and actual test results for each test point in the loop including 

programmable controller data table or register values. 

 

  11. Test equipment used. 
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  12. Space for remarks regarding test procedure or results, unusual or 

noteworthy observations, etc. 

 

  13. Name, date, and signature of testing personnel. 

 

  14. Test witness’ name and signature. 

 

 E. PERFORMANCE DEVIATION TOLERANCES: 

 

 Tolerances shall be specified in Division 17. Where tolerances are not specified, refer to 

the manufacturer's published performance specifications.  

 

 Overall accuracy requirements for loops consisting of two or more components shall be 

the root-summation-square (RSS) of the component accuracy specifications. Tolerances for each 

required calibration point shall be calculated and recorded on the associated test report form. 

 

F. INSTALLED TESTS: 

 

Equipment and System Performance and Operational Testing - Section 01660 specifies testing of 

the mechanical, electrical, instrumentation and HVAC systems. The Contractor’s Quality 

Assurance Manager shall coordinate, manage, and supervise the quality assurance program that 

includes: 

 

1. Testing plan with the sequence for the test work.  

 

2. Calibration program for all instruments and analyzers. 

 

3. Documentation program that records tests results. 

 

4. Performance testing program systems. 

 

Test forms provided shall conform to the requirements of reference forms 17000-A through 

17000-M included in Section 01999.  Additional or detailed forms shall be developed as 

necessary to suit complex instrumentation.  Usage of terms used on test forms shall comply with 

ISA S51.1. 

 

 G. WITNESSING:   

 

 The Owner reserves the right to observe factory and field instrumentation testing and 

calibration procedures. The Owner shall be notified prior to testing, as specified herein. 

 

3.02 FACTORY TEST 

 

A. FACTORY ACCEPTANCE TEST (FAT): 
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  1. GENERAL:  Control system equipment shall be subject to a Factory 

Acceptance Test with the factory acceptance tests and subsequent retests witnessed by the 

Construction Manager and Owner.  Control system panel programmable logic controllers shall 

be loaded with the PLC software, Operator Interface software and the programming and graphic 

configuration application software at the control system equipment supplier’s factory prior to the 

FAT.  

 

Equipment, panel instruments, panels, or cabinets shall be inspected with factory testing 

performed.  Provide written notice to the Owner thirty working days before the commencement 

of the FAT activity and include: 

a. Schedule for the FAT. 

b. Location of the FAT. 

c. Testing equipment used. 

d. Detailed test procedure with forms for the recording of test results. 

e. Sign-off spaces for the individuals performing and witnessing the 

tests. 

 

  2.   FACTORY ACCEPTANCE TEST PROCEDURES:  Panels provided 

shall be interlocked or networked as applicable, operated, and checked-out by the equipment 

supplier prior to the FAT. Submit certification indicating that the panels are ready for the FAT. 

 

The FAT shall include the following: 

 

a. Visual inspection of equipment, instruments, control panels, and 

graphic displays. 

 

b. Validation of each input loop and output loop by simulated signals 

for analog inputs and by shorting discrete inputs. 

 

c. Validation shall include: 

 

1) Monitoring state changes on operator interface screens 

based on the inputs state change. 

 

2) Observation of online PLC programming application 

software with the associated PLC outputs state change. 

 

3) Outputs triggered by operator interface software devices     

(pushbuttons, sliders, manually-entered values, etc.) 
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4) Calibration and operation of instruments on or in the 

control panels. 

 

d. Repair of loops which do not pass validation. 

 

e. Retest of the FAT at no additional cost.  

 

Panels that pass the FAT may be shipped to the site upon shipping schedule and storage 

accommodation approval by the Construction Manager. 

 

3.03 PRE-OPERATIONAL PERFORMANCE TESTING 

 

A. GENERAL REQUIREMENTS: 

 

 In general, tests shall be performed in the following order: 

 

B. TELEMETRY PLC CONTROL PANEL: 

 

 Perform the following, witnessed by the Owner and Programmer. Test form 17000-L: 

 

1. Review dimensions, component layout, and wiring. 

 

2. Examine cabinets and components to determine that specified hardware 

has been installed. 

 

3. Examine wiring and panel assembly against specification requirements for 

quality of workmanship. 

 

4. Inventory all panel parts and appropriate documentation. 

 

C. WIRING TESTS: 

 

 Electrical power and signal cable ring-out and resistance testing.  Conducted in  

accordance with Sections 16000 and 16030.  Wiring tests shall not be conducted until cables  

have been properly terminated, tagged and inspected. 

 

1. Power and Control:  Per Section 16030. 

 

2. Signal:  Test form 17000-A. 

 

D. TELEMETRY COMMUNICATIONS: 

 

 Perform the following, witnessed by the Owner and Programmer. Test form 17000-M: 
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1. Examine antenna/cable assembly for quality of workmanship.  The cable 

connection to the antenna shall be sealed with tape, then covered with 

vulcanizing rubber and sealed with tape. 

 

2. Provide laptop PC for radio-modem configuration.  After complete radio and 

transmission system installation, connect specified cable from radio to PC.  

Perform the following: 

 

a. Perform VSWR test.  Record reflected power reading and submit as 

Product Data.  The system will not be accepted with a reflected power 

of > 0.2 watts at 1 watt rated output.  Test to performed with radio 

timeout timer and frequency hopper functions temporarily disabled. 

b. Record radio system address. 

c. Verify radio antenna alignment to the other specified radio location. 

d. Record RSSI readings after antenna alignment is complete.  

Communications are not to exceed -100 dBm. 

e. Verify unit is set for master mode if tank site, remote mode for wells. 

If configured for master, check for long polling (Modbus messaging). 

f. Verify radio setting Buff = On. 

g. Verify radio to PLC communication settings: 

i. Baud Rate = 9600 

ii. Data Bits = 8 

iii. Parity = Even 

iv. Stop Bits = 1 

 

3. Transmission line or antenna related fault or trouble conditions shall be 

investigated and resolved to the satisfaction of the Owner.  Replace damaged 

transmission line or related components, lightning protectors, poles, towers, or 

connectors that were installed improperly.  Re-align antennas as required for 

maximum signal strength. 

 

4. Inventory all panel parts and appropriate documentation. 

 

E. INSTRUMENTATION CALIBRATION: 

 

1. Instruments and final elements shall be field calibrated in accordance with 

the manufacturer's recommended procedures and tested in accordance with 

the Contractor's test procedure. 
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2. Individual Component Calibration and Testing shall not commence until 

Instruments and Component Inspections are completed and documented to 

the satisfaction of the Owner. 

3. Analog instrument calibrated at 0, 10, 50, 90, and 100 percent of the 

specified full scale range.  Each signal sensing trip and process sensing 

switch shall be adjusted to the required setting.  Test data recorded on test 

forms as specified herein. 

 

4. Final element alignment tested and adjusted to verify that each final 

element operates smoothly over the full range in response to the specified 

process control signals. 

 

5. Test data shall be entered on the applicable test forms at the time of 

testing:  Alarm trips, control trips, and switches shall be set to initial 

values specified in Section 17200 Instrument Index at this time.  Final 

elements shall be checked for range, dead-band, and speed of response. 

 

6. Any component that fails to meet the required tolerances shall be repaired 

or replaced by the manufacturer. Repeat the specified tests until the 

component is within tolerance. 

7. Install a calibration sticker on each instrument following successful 

calibration that indicates the date of calibration, the name of the testing 

company, and personnel who calibrated the instrument. 

8. Test forms 17000-C through 17000-I. 

 

  9. CERTIFIED TEST REPORTS:  Field test and inspection activities include 

verification of instrument parameter setup, verification of instrument zero, and performance at 

three operating points within the instrument range. Instrument which fail to demonstrate proper 

performance shall be returned for re-calibration or replaced as agreed depending on the impact to 

the project as determined by the Construction Manager. 

 

 Where instrument field calibration is not feasible, certified factory calibration reports 

may be submitted that includes the name and address of the laboratory that conducts the 

calibration testing. Certified factory test reports may be submitted for the following instrument 

types in lieu of field calibration: 

 

 

TABLE-A.  FACTORY CALIBRATION INSTRUMENT LIST 

 

Instrument 

Identification 

Instrument 

Section 
Description 

- 17000 Magnetic flow meter 
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F. LOOP TESTING: 

 

1. Loop Testing shall not commence until the Individual Component 

Calibration and Testing has been completed and documented to the 

satisfaction of the Owner. 

 

2. Each instrument loop shall be tested as an integrated system.  Check 

operation from field instruments to transmitter to receiving components to 

the vendor panel or the Plant Control System Operator Interface Station.  

Test signals shall be injected at the process impulse line connection where 

the measuring technique permits, and otherwise at the most primary signal 

access point. 

 

3. Testing of loops with an interface to a programmable logic controller shall 

include verification of the programmable logic controller input/output 

assignment and verification of operation of the input/output system and 

processor.  Inspect the data table or register in the programmable logic 

controller memory to verify proper operation. 

 

4. If the output control or monitoring device fails to indicate properly, 

corrections to the loop circuitry or device shall be made. The test shall be 

repeated until devices and instruments operate as required. 

 

5. Correct loop circuitry and repeat the test until the instruments operate 

properly. 

 

6. Test form 17000-J. 

 

3.04 FUNCTIONAL TESTING 

 

A. PROCESS CONTROL STRATEGY/FUNCTIONAL TESTING: 

 

1. Control Strategy Testing shall not commence until the Loop Testing has 

been completed and documented to the satisfaction of the Owner. 

2. Control Strategy Testing is performed by the Programmer and Contractor 

and consist of installing and debugging the PLC control logic program, 

verifying the interface points between the PLCs and field devices and 

equipment, and exercising the control strategies.  Control Strategy Testing 

will be performed on one PLC at a time.   

3. Provide qualified personnel to immediately correct any deficiencies in the 

Work that may be encountered during Control Strategy Testing.  Failure of 
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the Contractor to provide such personnel in a timely manner may prolong 

the time allotted to complete Control Strategy Testing. 

 

B. CONTROL SYSTEM CLOSED LOOP TESTING: 

 

1. Closed-Loop Commissioning shall not commence until the Control 

Strategy Testing has been successfully completed and documented to the 

satisfaction of the Owner 

 

2. Closed-loop commissioning tests, performed as part of the system tests, 

shall demonstrate stable operation of each loop under operating 

conditions.  Tests shall include adjustment of loop tuning parameters. 

 

3. Tuning parameters: gain (or proportional band), integral time constant, 

and derivative time constant for each control loop, adjusted to provide 1/4-

amplitude damping, unless otherwise specified. 

 

4. The loop response to a step disturbance shall be provided for each loop.  

Two graphs shall be made for cascaded control loops, one showing the 

secondary loop response with its set point in manual, and the second 

showing overall loop response. 

 

C. FUNCTIONAL CHECKOUT: 

 

 Conducted to verify the operation of discrete and hardwired control devices, refer to 

Section 01660.  Exercise the operable devices and energizing the control circuit. Operate control 

element, alarm device, and interlocks to verify the specified action occurs. 

 

3.05 OPERATIONAL TESTING 

 

System Acceptance Test (SAT) shall be performed after component and subsystem tests 

have been completed.  The test of the completed system shall be performed in full operation and 

shall demonstrate that all functional requirements of this specification have been met. SAT shall 

demonstrate the following: 
 

1. Each component of the system operates correctly with all other components of the 

system. 

 

2. Analog control loops operate in a stable manner. 

 

3. Hard-wired and software equipment interlocks perform correctly. 

 

4. Process control sequences perform correctly. 
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5. PLC application program performs monitoring and control functions correctly. 

 

6. Operator interface graphics represent the monitoring and control functions 

correctly. 

 

 

**END OF SECTION** 
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SECTION 17110  

 

INSTRUMENT AND CONTROL PANELS 

 

 

PART 1--GENERAL  

 

1.01 DESCRIPTION  

  

A. SCOPE:  

  

This section specifies requirements for Telemetry PLC units for the Dilkon water system.   

 

Provide Telemetry PLC units as specified in Paragraph 17000-1.01 B.  Panels shall be 

arranged to separate control and instrument devices from power wiring. Panel shall be arranged for 

dedicated field wiring terminations rated for 600 Vac or less for power, control, and instrument 

signal wiring shall be fabricated by a UL-508A recognized facility and shall bear the appropriate 

UL 508A Industrial Control Panel label.   

 

Provide telemetry units per details from NTUA Technical Provisions 4.0 for AC Tank 

Control Panel and PLC Control Panel (Booster with BoosterPAQ).   

 

B. SUBMITTAL DRAWINGS: 

 

1. GENERAL:  The drawings included in the project manual are functional 

in nature and do not show exact locations of equipment or interconnections between equipment.  

The Contractor’s Systems Integrator shall prepare detailed installation drawings as specified 

below. 

 

Drawings prepared in AutoDesk AutoCAD, or similar with borders and title blocks 

identifying the project, system, revisions to the drawing, and type of drawing.  Each revision of a 

drawing shall include the date and description of the revisions.  Drawing prints shall be 11” x 

17”  with a minimum lettering size of 1/8”.  

 

Diagrams shall carry a uniform and coordinated set of wire numbers and terminal block 

numbers in compliance with panel wiring and Section 17110, to permit cross-referencing 

between contract documents and the drawings prepared by the Contractor. 

 

2. CONNECTION DIAGRAMS:  Show components of a control panel in an 

arrangement similar to the actual layout of the panel including internal wiring between devices 

within the panel.  Show terminal blocks used for internal wiring or field wiring, identified as 

such.  Indicate insulation color code, signal polarities, and wire numbers and terminal block 

numbers. 
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3. INTERCONNECTION DIAGRAMS:  Show panels, panel devices, and 

field devices with wire numbers, cable numbers, raceway numbers, terminal box numbers, 

terminal block numbers, panel numbers, and field device tag numbers. 

 

4. ELEMENTARY OR SCHEMATIC DIAGRAM:  Shows, by means of 

graphic symbols, the electrical connections and functions of a specific circuit arrangement.  

Provide schematics for internal panel power distribution, lighting, and any panel HVAC. 

 

5. ARRANGEMENT, LAYOUT, OR OUTLINE DRAWINGS:  Show the 

dimensioned external and interior control panel views with components and Bill of Material.  

Provide panel heat load calculations, and indicate cooling or ventilation provisions as required.   

 

6. NETWORK BLOCK DIAGRAM:  A network block diagram is a diagram 

of the overall SCADA system, with annotated boxes to show the primary network components 

(controllers, hubs, switches, computers, displays), and annotated interconnecting lines that show 

the system communication media and communication protocols. 

 

1.02 QUALITY ASSURANCE 

 

A.  REFERENCES: 

 

This section contains references to the following documents that are part of this section as 

specified and modified.  Where a referenced document contains references to other standards, those 

documents are included as references under this section as if referenced directly.  In the event of 

conflict between the requirements of this section and those of the listed documents, the requirements 

of this section shall prevail.  Unless otherwise specified, references to documents shall mean the 

documents in effect at the time of Advertisement for Bids or Invitation to Bid or on the effective 

date of the Agreement if there were no Bids.  If referenced documents have been discontinued by 

the issuing organization, references to those documents shall mean the replacement documents 

issued or otherwise identified by that organization or, if there are no replacement documents, the 

last version of the document before it was discontinued.   

 

Where document dates are given in the following listing, references to those documents 

shall mean the specific document version associated with that date, regardless of whether the 

document has been superseded by a version with a later date, discontinued or replaced. 

 

 

Reference Title 

 

 

 

EIA  RS-310C Racks, Panels, and Associated Equipment 

NEMA 250 Tests for Flammability of Plastic Materials for Parts in Devices and Appliances 

UL 94 Tests for Flammability of Plastic Materials for Parts in Devices and Appliances 
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Reference Title 

 

 

 

UL 508A Industrial Control Panels 
  

 

B. LISTED PRODUCTS: 

 

Equipment and components shall be Underwriters Laboratory (UL) listed for the purpose 

per Section 16000 or UL recognized.   

 

The control panels shall have factory applied UL 508A labels. 

 

C. FACTORY TESTING: 

 

Prior to shipment, the manufacturer shall test the functional operation of the control panel as 

described in the control description Section 17030. 

 

D. WARRANTY: 

 

In addition to the guarantee specified in the General Conditions, the equipment, 

components, and assemblies provided shall be warranted against defects in materials and 

workmanship of a period of 1 year from the date of completion of all testing specified in Section 

17030.  Provide warranty service when requested.  Provide all costs for transportation, labor, and 

replacement parts associated with a service call required under the warranty.  Cost 

reimbursement will be provided for the service call and any repair work if it is determined that 

the control system was damaged by vandalism or an Act of God.  Cost reimbursement will also 

be made if the call was due to a non-functioning device which was not part of the Contract 

installation, or for blown fuses or tripped circuit breakers. 

 

E. TELEMETRY PLC DRAWINGS: 

 

1. Drawings: 

 

a. Cover sheet with site name. 

 

 b. Discrete I/O wiring. 

 

 c. Analog I/O wiring. 

 

 d. Power Distribution. 

 

 e. Backplane layout with bill of materials. 
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 f. Communication cable pinouts. 

 

g. Nameplate list with material, color, tag number, and description. 

 

1.03 SUBMITTALS 

 

Submittals and transmittal procedures for submittals are defined in Section 01300.  

Submit In accordance with the procedures set forth in Sections 00710 and 01300 that include  

drawings, information and technical data for equipment and as required in Section 17000. 

Submittal information shall be included in one complete submittal. 

 

 A. SHOP DRAWINGS: 

 

1. A copy of this specification section, with addendum updates included, and 

all referenced and applicable sections, with addendum updates included, 

with each paragraph check-marked to indicate specification compliance or 

marked to indicate requested deviations from specification requirements.     

A check mark shall denote full compliance with a paragraph as a whole.  

If deviations from the specifications are indicated, and therefore requested 

by the Contractor, each deviation shall be underlined and denoted by a 

number in the margin to the right of the identified paragraph, referenced to 

a detailed written explanation of the reasons for requesting the deviation.   

The Owners Construction Manager shall be the final authority for 

determining acceptability of requested deviations.  The remaining portions 

of the paragraph not underlined will signify compliance on the part of the 

Contractor with the specifications.  Failure to include a copy of the 

marked-up specification sections, along with justification(s) for any 

requested deviations to the specification requirements, with the submittal 

shall be sufficient cause for rejection of the entire submittal with no 

further consideration.  

 

2. A marked copy of specification section 17000.   

 

3. A copy of the contract document Electrical Drawings E-101 through E-

110 relating to the submitted equipment, with addendum updates that 

apply to the equipment in this section, marked to show specific changes 

necessary for the equipment proposed in the submittal.  If no changes are 

required, the drawing or drawings shall be marked "no changes required".  

Failure to include copies of the relevant drawings with the submittal shall 

be cause for rejection of the entire submittal with no further review. 

 

4. A copy of the contract document Instrumentation Drawing I-001 relating 

to the submitted equipment, with addendum updates that apply to the 

equipment in this section, marked to show specific changes necessary for 

the equipment proposed in the submittal.  If no changes are required, the 



Instrument and Control Panels 

17110-5 

Dilkon Pass Booster 

Contract Issue 

drawing or drawings shall be marked "no changes required".  Failure to 

include copies of the relevant drawings with the submittal shall be cause 

for rejection of the entire submittal with no further review. 

 

5. A copy of the contract document NTUA Technical Provisions 4.0 for AC 

Tank Control Panel and PLC Control Panel (Booster with BoosterPAQ) 

drawings relating to the submitted equipment, with addendum updates that 

apply to the equipment in this section, marked to show specific changes 

necessary for the equipment proposed in the submittal.  If no changes are 

required, the drawing or drawings shall be marked "no changes required".  

Failure to include copies of the relevant drawings with the submittal shall 

be cause for rejection of the entire submittal with no further review. 

 

6. Catalog cuts of equipment, devices, and materials for products to be 

provided.  Catalog information shall include technical specifications and 

application information, including ratings, range, weight, accuracy, etc.  

Catalog cuts shall be edited to show only the items, model numbers, and 

information which apply.  Submit catalog cuts for the following: 

 

 a. Radio components. 

 

 b. PLC and modules. 

 

 c. Touchcreen.  

 

d. Power supplies. 

 

e. SCADA Network components. 

 

7. Manufacturer’s installation manual excerpts, as to be used for this project: 

 

a. Installation details/drawings. 

 

b. Electrical connection diagrams  

 

c. Calibration procedures. 

 

8. Telemetry PLC drawings and diagrams generated in CAD for the 

telemetry equipment specified in paragraph 1.02 E. and similar to those 

included in the drawings. 

   

9. SCADA Network Cabinet drawings generated in CAD: 

  

 a. Backplane layout with bill of materials. 
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 b. Block diagram of components and interconnections. 

 

 c. Power distribution schematic diagram. 

 

10. List of miscellaneous items, cables, spare and replenishment parts. 

 

 11. Nameplate engraving schedule:  

 

a. Indicate engraving by line 

 

b. Character size 

 

c. Nameplate size 

 

d. Panel and equipment tag number and description 

 

1.04 ENVIRONMENTAL CONDITIONS 

 

Refer to Section 17000. 

 

 

PART 2--PRODUCTS  

 

2.01 FABRICATION  

 

A. GENERAL:  

 

Panels shall be designed for the seismic requirements of Section 17000.   Structures, 

equipment, and devices shall be braced to prevent damage from specified forces.  Equipment panels 

shall be capable of operation following a disturbance.  

 

Nameplates with tag number and equipment description shall identify face-mounted 

instruments.  Instruments shall be mounted for access to components and ease of removal. Cutouts 

for future equipment shall be blanked off with suitable covers.  Instrument tag numbers shall be 

identified on the panel rear.   

 

Face-mounted equipment shall be flush or semi-flush with flat-black escutcheons. Face-

mounted instruments that are more than 6 inches deep, weigh more than 10 pounds, or exert more 

than a 4 ft-lb moment force on the face of the panel shall be supported underneath at the rear by a 1-

inch x 1/8-inch thick steel angle.  

 

Panels less than 60 inches high shall be provided with floor stands to raise the top of the 

panel to 60 inches above the floor or work platform. Panels that weigh less than 100 pounds may be 

wall mounted.  
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Panels with specified requirements including stainless steel or aluminum mounting 

requirements that are indicated on the project drawings or on the project details take precedence 

over the panel types or panel features indicated herein.  

 

2.02 PANEL AND COMPONENTS 

 

 Equipment material shall be new, free from defects, and industrial-grade, as specified.  

Each type of equipment, component, accessory, and device used throughout the work shall be 

manufactured by one firm, where possible. 

 

 Equipment and components shall be as specified on the drawings referenced in Paragraph 

1.01 A, and in this Section where not specified on the drawings.   

 

2.03 NOT USED 

 

2.04 NAMEPLATES  

 

External door-mounted components and the panel description shall be identified with plastic 

nameplates. Machine embossed metallic adhesive labels shall identify tag number of instruments 

inside panels.  Nameplates shall be attached to panel surfaces, not to instruments.  

 

The machine engraved laminated black phenolic nameplates with white lettering shall be 

provided for panel-mounted equipment.  Nameplate engraving shall include the instrument tag 

number and description in 3/32-inch minimum size lettering.  

 

The machine embossed metallic adhesive labels shall identify tag number of instruments 

inside panels.  Nameplates shall be attached to panel surfaces, not to instruments.  

 

The nameplates shall be attached to the panel with a minimum of two self-tapping 316 

stainless steel screws. Provide RTV sealant for nameplates for NEMA-4X stainless steel panels. 

 

The nameplate wording may be changed without additional cost or time prior to 

commencement of engraving. Submit nameplate legend with the panel submittal. 

     

2.05 PANEL FEATURES 

 

A. INTERCONNECTION WIRING:  

 

  Panel Interconnecting Wiring: 

 

1. Panel control wiring: Single conductor stranded copper NFPA No. 70 Type 

MTW No. 18 AWG minimum, with an exception for factory supplied PLC 

wiring harnesses that are U.L. approved. 
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2. Panel instrument wiring: Twisted No. 18 AWG shielded pair or tri 

conductors. 

 

3. Panel power wiring: Conductors specified in Division 16 and meet the 

NFPA No. 70 NEC requirements for power including phase, grounded, and 

grounding conductors. 

 

4. Wiring shall be supported independently of terminations by lacing to  

panel support structure or by slotted flame retardant plastic wiring channels. 

 

5. Wiring channels shall comply with UL 94, Type V.   

 

6. Wiring channel fill shall not exceed 50 percent.  

 

B. CONDUCTOR IDENTIFICATION: 

 

Wiring shall be tagged at terminations with machine printed plastic sleeves with 

three-part wire numbers for instrument and control panel internal conductors: 

 

1. Part-1: Prefix of the wire number shall be the instrument loop number or 

equipment tag number. 

 

2. Part-2: Code letter and wire colors per the following tables. 

 

3. Part-3: Number that identifies individual circuit conductor Terminal 

Number. 

 

 

Code 120 Vac Conductor Color 

L Power Black 

C Control Red 

N Neutral White 

PG Ground Green 

 

 

Code V dc Conductor Color 

PS 

PS 

24 Vdc Power  

24 Vdc Control 

Violet 

Blue 

PS 24 Vdc Common  Brown 

S+ Signal (+) White 
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SG Signal Ground Black 

EG 

FV 

Equipment Ground 

Panel Foreign Voltage 

Green 

Yellow 

 

C. CONDUCTOR INSTALLATION AND PROTECTION: 

 

1. Power and control wiring shall be carried in covered channels separate from 

low voltage signal circuits.  An interior steel barrier shall be provided 

between AC control devices and the electronic equipment.  

 

2. Terminal blocks shall be strap screw type rated for 600 volts.  Each terminal 

trip shall have a unique identifying alphanumeric code at one end and a 

vinyl-marking strip running the entire length of the terminal strip with a 

unique number for each terminal. Numbers shall be machine printed and 1/8 

inch high.   

 

3. No more than two connections shall be made to one terminal. 

 

4. Wire connectors shall be locking fork tongue or ring tongue insulated crimp 

type terminals.   

 

5. Terminal blocks shall be; 

 

a. Phoenix Contact or equal products.  

  

D. FIELD WIRING: 

 

Field wiring shall be connected to separate dedicated terminal blocks                                      

 in a  dedicated part of the panel where the field cables enter the panel. 

 

E. FUSE AND FUSE HOLDERS: 

 

1. Fuses for 120 Vac circuits shall have a minimum of 12,000-amperes interrupting 

capacity and blown fuse indicators.   

 

2. Fuses for 24 Vdc circuits shall be fast acting glass tube type rated 1/8 or 1/10 

amp for 4-20 mA loops. 

 

3. Fuses for 24 Vdc circuits shall be 1/2 amp for the power supply to individual 

instruments.   

 

4. Fuse holders shall be tip-out or draw-out type. 

 

5. Provide Phoenix Contact or equal products. 
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F. CONTROL POWER: 

 

120 Vac control power source:  Single power source for all control and DC power. 

 

1. Provide direct current power supplies, as required for the load. 

 

G. NOT USED 

 

H. ACCESSORIES:   

 

1. Include GFCI convenience receptacle.   

 

2. Print pocket. 

 

I. SIGNAL CURRENT ISOLATOR (FLOW SIGNAL SPLITTER):   

 

1. Isolator shall provide galvanic isolation of milliampere transmission signals 

from transmitters.  Input and two output signals shall be 4 to 20 milli-

amperes, and error shall not exceed 0.1 percent of span.  120Vac or 24Vdc 

powered.  Moore Industries ECT, or equal. 

 

2.06 SURGE PROTECTION 

 

Surge protectors shall be as specified on Drawings. 

 

2.07 PANEL GROUNDING 

 

A. Provide as specified on Drawings.   

 

B. Field analog wiring shields shall only be grounded at the signal ground bar. Test to 

verify that single ground point at panel signal ground bar. 

 

2.08 PANEL DRAWING PROTECTION 

 

Provide wiring diagrams in accordance with Section 01300. Provide a panel-wiring diagram 

and schematic for each panel in a plastic bag or plastic container to avoid water damage and aging. 

 

2.09 RADIO COMPONENTS  

 

1. Radio:  Provide GE MDS EL805-MD9X1AFCS0WN, spread-spectrum 

928/952 MHz. 

 

2. Transmission Line:  Times Microwave LMR-300, 3’, with type N 

connectors. 
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3. Radio to PC configuration cable, GE MDS 03-3246A01.  Provide one for 

the entire system.   

 

2.10 SCADA NETWORK CABINET 

 

1. Fiber Optic Switch:  Provide Ciena Z33. 

 

2. Managed Ethernet Switch, TCP/IP Router, LTE and FO WAN, 24Vdc:  

Siemens Rugged-Com RX1501-L3-RM-HI-L3SECL3HW-FG52-CG01-

6TX01-6TX01-6TX01-XX-XX-6GK6015-OBM23-ODC0-Z-

A03+B36+C02+D01+E01+F01+G00.  Provide two:  6GK6000-8FB51-

0AA0. (NTUA to confirm) 

 

3. Power supply, 120 Volt AC to 24 Volt DC, Phoenix Contact 2866763, or 

equal or other power supply as directed by NTUA.  For Cabinets located 

on sites with 120 Volt AC power. 

 

4. Batteries, C&D Technologies TEL Series. 

 

5. Provide power distribution surge protective device, fuses, circuit breakers, 

terminal blocks, receptacle, ground bar, wireway, and wiring. 

 

6. Provide CAT6 and fiber optic patch cables as required. 

 

6. Freestanding pad-lockable NEMA 4 Cabinet, front and rear access, air 

conditioner, Sun West Engineering or equal. 

 

7. Provide RFI prior to submittal to confirm all part numbers with NTUA, 

subject to change. 

 

8. Provide the above completely assembled, with interconnecting Ethernet 

cables and power connections.  Generate layout drawings per paragraph 

1.01 B. and submit. 

 

8.  Initiate request for information (RFI) to confirm above part numbers prior 

to shop drawings submittal.  Manufacturer model numbers and availability 

subject to change. 

 

2.11 SPARE PARTS 

 

The following spare parts shall be provided: 

 

1. Five each of each type and rating of fuse used in the panels. 
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2.12 PRODUCT DATA 

 

The following data shall be provided in accordance with Section 01300: 

 

1. Manufacturer's operation and maintenance information as specified in 

Section 17000 including final reviewed submittal and as-built drawings. 

 

 2. Test results as specified in Section 17030-Part 2. 

 

 

PART 3--EXECUTION  

 

3.01 GENERAL  

 

All conduit shall enter the panels from the bottom. Provide Myers hub for ridig steel conduit 

entry.  

 

Field panels and cabinets shall be mounted in compliance with paragraph 17000-3.01 B.  

 

Provide panels with the As-built schematic, connection, and interconnection diagrams 

located in a print pocket on the inside of the door. Place documentation in a water proof clear bag in 

the panel document holder. 

  

3.02 NOT USED 

 

3.03 PANEL POWER SUPPLY 

 

Power supply and conditioning equipment shall be mounted and connected in compliance 

with the manufacturer's instructions.   

 

Final raceway connections shall be a flexible conduit in compliance with Division 16.  

 

3.04 FACTORY TESTING 

 

The control panel shall be assembled, interconnected, and functionally tested at the 

assembly shop prior to shipment. The Owner/Engineer shall have the option of witnessing the 

functional shop test. The Contractor shall notify the Owner/Engineer at least two (2) weeks in 

advance prior of the scheduled functional shop test. 

 

3.05 FIELD TESTING 

 

Field verify the following for Instrument and Control Panels: 

 

1. Control circuits grounded with one terminal of each load device connected to 

the grounded conductor.   
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2. Control contacts installed in the ungrounded side of the circuit. 

 

3. Signal and control wiring installed in separate wireways. 

 

4. Barriers between the power wiring and the signal and control wiring. 

 

5. Connected to the plant grounding system, as specified. 

 

6. Center-line of wall-mounted panels shall be 48 inches above the floor. 

 

7. Inner door contains a copy of the Record elementary and wiring diagrams.   

 

8. Inner door contains a protected drawing holder. 

 

9. Drawings enclosed in a transparent, protective jacket.   

 

10. Functions as specified. 

 

11. Mounted with stainless steel unistrut, fittings, and fasteners. 

 

12. Tested in accordance with Section 16030 and Section 17030.  

 

**END OF SECTION**  
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SECTION 17900 

 

CONTROL SPECIFICATIONS 

 

 

PART 1--GENERAL 

 

1.01 DESCRIPTION 

 

A. SCOPE:   

 

This section specifies the control specification strategies for the Navajo Nation Dilkon 

Water System that are based on Programmable Logic Controller (PLC) based Telemetry 

systems.   

 

Telemetry System Programming and Touchscreen Graphics Development 

responsibilities:  Refer to Section 17000. 

 

The Control Specification strategies describe sequential and interlocking control 

functions, analog control functions, and color-graphic video display operator interfaces including 

alarm and event logging.  The generic term used herein shall be Telemetry. 

 

The Contractor shall provide all necessary labor and equipment to test the control 

strategies per Section 17030. 

 

B. WATER SYSTEM:   

 

 Refer to the General Notes on Drawing I-001 for a brief overview of the water system 

control requirements.   

 

 

PART 2—PRODUCTS – NOT USED 

 

 

PART 3--EXECUTION 

 

3.01 STANDARD INTERLOCKS 

 

 Interlocks (I) shutdown and prevent equipment from operating: 

 

1.  Hardwired interlocks are effective whether the PLC system is in operation 

or not, and in hand and auto modes unless noted. 

 

2. Software interlocks are provided by the PLC, and are usually only 

effective when the equipment is operating in auto mode unless noted.   
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The following describe general interlock features for all systems: 

 

I1 – MOTOR PROTECTION 

 

Equipment motor protection includes overload and/or VFD or RVSS fault or Motor 

Protection Relay alarm, hardwired only.   Manual reset required at the starter, VFD, or RVSS. 

 

3.02 STANDARD GENERAL CONTROL STRATEGIES 

 

 Control Strategies (CS) define common equipment operations performed by the PLC and 

displayed by the Telemetry system.  Hardwired control strategies are effective for equipment 

control whether the PLC system is in operation or not, and in hand and auto modes unless noted.   

 

Control Strategies unique to each process system are defined beginning in paragraph 3.10 

below.  The following describe general control features for all systems: 

 

CS1 - EQUIPMENT RUN TIME TOTALIZATION 

 

Equipment run time totalization will be calculated and maintained by the PLC based on 

equipment run status.  Totalize in hours from 0 to 9999. 

 

TELEMETRY:  Display total in hours. 

 

CS2 - FLOW TOTALIZATION 

 

Flow totalization will be calculated and maintained by the PLC whenever flow signals 

exceeds 2-1/2 % of full scale value and analog signal has not failed (refer to CS10).  Totalize in 

gallons times 1,000 (kGal) or gallons times 1,000,000 (MGal) as shown on the P&ID.  Totalize 

from 0 to 9999. 

 

TELEMETRY:  Display total in kGal or MGal as shown on P&ID. 

 

Previous 24 hour day flow totalization will also be calculated and maintained by the PLC. 

 

TELEMETRY:  Summary display of previous day totals in kGal or MGal as shown on 

P&ID. 

 

 CS3 - PROCESS ALARM(S), SELF-RESETTING 

 

Process alarms as shown on the P&ID will be determined and maintained by the PLC: 

 

 1.  Low-Low Alarm:  Point value is equal to or less than a predetermined 

alarm value. 

 

 2.  Low Alarm:  Point value is equal to or less than a predetermined alarm 

value. 
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 3. High Alarm:  Point value is equal to or greater than a predetermined 

alarm value. 

 

 4.  High-High Alarm:  Point value is equal to or greater than a 

predetermined alarm value. 

 

An analog point which is in alarm status will not be changed to normal status until the point 

value changes by the predetermined deadband value for the point, initial setting of 5% of full scale 

range.  PLC alarm setpoints are provided in paragraph 17200-3.03 instrument index. 

 

TELEMETRY:  Display alarms.  Display active and cleared-but-unacknowledged alarms in 

the alarm summary. 

 

CS7 - PROCESS ALARM(S), MANUAL RESET FROM TELEMETRY REQUIRED 

 

Process alarms as shown on the P&ID will be determined and maintained by the PLC: 

 

 1.  Low-Low Alarm:  Point value is equal to or less than a predetermined 

alarm value. 

 

 2. Low Alarm:  Point value is equal to or less than a predetermined alarm 

value. 

 

 3. High Alarm:  Point value is equal to or greater than a predetermined 

alarm value. 

 

 4. High-High Alarm:  Point value is equal to or greater than a 

predetermined alarm value. 

 

An analog point which is in alarm status will not be changed to normal status until reset by 

the Telemetry Operator and the point value changes by the predetermined deadband value for the 

point, initial setting of 5% of full scale range.  PLC alarm setpoints, if any, are provided in 

paragraph 17900-3.03. 

 

TELEMETRY:  Display alarms.  Display active and cleared-but-unacknowledged alarms in 

the alarm summary.  Telemetry allows Operator reset of alarms. 

 

CS9 - DISCRETE POINT STATUS 

 

The status of each discrete input point will be maintained in the PLC.   

 

The status of each logical discrete point will also be maintained in the PLC.  Logical points 

are points which depend upon the status of one or several discrete input points. 

 

TELEMETRY:  Display the status of all discrete and logical discrete status points. 
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CS10 - ANALOG POINT STATUS 

 

Analog input points will be checked by the PLC for the following status conditions: 

 

 Failed: Point value is less than or greater than the specified value range 

typically less than 3.6 milliamps (mA) and greater than 21.6 mA.  Where 

the PLC module cannot read outside the 4-20 mA range, use discrete 

alarm bits available from the module or PLC status function block. 

 

TELEMETRY:  Display alarm.  Display active and cleared-but-unacknowledged alarm in 

the alarm summary  

 

CS11 - GENERAL EQUIPMENT DISCREPANCY 

 

The failure of driven equipment to respond will be monitored by the Telemetry system.  

Equipment will be considered to be in discrepancy under the following conditions: 

 

1. The equipment is in AUTO and the Telemetry system attempts to operate 

the equipment and it does not respond within a defined time period, 

typically 15 seconds. 

 

2. The equipment is in AUTO and running and for whatever reason other 

than the Telemetry system requesting the equipment to “STOP,” the 

equipment stops. 

 

CS12 - TELEMETRY INPUTS AND OUTPUTS STATUS 

 

The PLC will monitor status of each individual input, output, and communication 

module, and all processor statuses available. 

 

TELEMETRY:  Display racks with status for each module, using descriptive terms for 

alarms.  Display processor battery status.  Display alarms.  Display active and cleared-but-

unacknowledged alarm in the alarm summary  

 

CS16 - TREND PLOTS 

 

TELEMETRY workstations will graphically plot trends of all process variables (pressure, 

flow, temperature, level, analytical, electrical kW and Power Factor) in real-time and from 

historical data.  The plant operator will be able to select the plotting interval, within the limits of 

the actual data collection.  Four trends per display view will be possible. 

 

In addition to the plotted data, a trend will include: 

 

1. Time 

2. Date 
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3. Tag number 

4. Plotting interval 

5. Time at start 

6. Time at latest value. 

7. Range and units 

 

CS17 – COLOR NOTATION FOR DYNAMIC OBJECTS ON CONTROL GRAPHIC 

DISPLAY SCREENS 

 

All dynamic objects on control graphic display screens will be provided with multiple-

color display with high performance graphics to identify status as tabulated below: 

 

Equipment Status Required color 

Motor Running Green 

Motor Ready or Off Red 

Valve Opened position  Green  

Valve Closed position Red 

All Power on White 

All Abnormal condition Amber (Yellow) 

All Advisory, Control Mode Blue 

 

CS18 - DIGITAL ALARM SYSTEM 

 

Alarms as shown on the P&ID will be determined and maintained by the PLC, whether or 

not specific control strategies are provided.  Digital inputs can be from field instruments (level 

switches, pressure switches, etc.), local control panels (relay outputs, alarm module outputs, 

switches), and packaged systems (designated terminals with packaged units). 

 

TELEMETRY:  Display alarms.  Display active and cleared-but-unacknowledged alarms in 

the alarm summary. 

 

CS19 - DATA ARCHIVING HISTORIAN AND HISTORICAL FUNCTIONS 

 

None.  These are provided by the separate Regional SCADA System. 

 

CS20 - DIGITAL STATUS SYSTEM 

 

All digital input status will be displayed on Telemetry screens as required by the 

reference drawings and specifications regardless whether or not specific control strategies are 

provided.  Each digital input will be shown in its appropriate process screen and/or equipment 

status screen.  Digital inputs can be originated from field instruments (motorized actuators, 

HVAC related air handling units, power management related contact inputs, level switches, 
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pressure switches, etc.), local control panels (relay outputs, alarm module outputs, switches), and 

packaged systems (designated terminals with packaged units). 

 

CS24 - DATA TRANSFER REQUIREMENTS BETWEEN THE PLCs AND THE 

TELEMETRY SYSTEM 

 

Digital inputs and analog inputs to the Telemetry system and the software logic generated 

alarms will be displayed or annunciated at the Telemetry touchscreen as specified on the 

Drawings and in this Section. 

 

The Telemetry system will generate separate alarms if communication is lost with any 

PLC. 

 

Data displayed on the Telemetry installed on this project will be available to the existing 

Regional SCADA System. 

 

CS51 – ALTERNATION - SOFTWARE 

 

Equipment run-time equalization by alternating the lead/follow/2nd follow/etc. assignment of 

two or more pumps, PLC.  Alternation occurs when all of the pumps in that group stop.   
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3.03 CONTROL STRATEGY – DILKON PASS TANKS LEVEL 

 

 A.  P&ID:  I-001 

 

B.  GENERAL DESCRIPTION: 

 

The existing Wood Chop Tank provides water from the Lower Greasewood system.   

 

The replacement Dilkon Pass Pump Station provides water from the existing Wood Chop 

Tank to the existing Dilkon Pass Tank.  There are three pumps.  These operate lead and lag with 

alternation, with the third on standby. 

 

The existing Dilkon Tank levels are maintained by the existing Dilkon Pass Tank.  The 

tanks are also provided water from the Leupp-Dilkon system.  The Tanks are monitored by the 

existing Dilkon Tanks Telemetry PLC. 

 

 C. CONTROL STRATEGY OVERVIEW: 

 

The replacement Dilkon Pass Tank Telemetry PLC periodically requests via radio the 

status and alarm data, and sends the tank level signal to the replacement Dilkon Pass Pump 

Station Telemetry PLC.   

 

Start/stop level setpoints for Pump Station lead and lag pump is Operator adjustable at the 

Pump Station Telemetry PLC Toucschreen.  Pump speed is controlled to maintain discharge 

pressure by the pump management unit.  Pumps alternate when the duty pump stops. 

 

D. LOCAL CONTROL: 

 

1. Field - Tank:   

 

Mechanical Level indication 

 

2. Field - Pump Station:   

 

Discharge Pressure indication 

Discharge Flow indication 

 

3. Pumps VFD: 

 

HAND-OFF-AUTO selector 

Keypad 

 

4. Interlocks per 17900-3.01:  

 

I1 – MOTOR PROTECTION 

 



Control Specifications 

17900-8 

Dilkon Pass Booster 

Contract Issue 

E. REMOTE OR AUTOMATIC CONTROL: 

 

1. Control Strategy, per above and including: 

 

CS1 - EQUIPMENT RUN TIME TOTALIZATION 

CS2 - FLOW TOTALIZATION 

CS11 - GENERAL EQUIPMENT DISCREPANCY 

CS16 - TREND PLOTS 

CS51 – ALTERNATION 

 

2. Software Interlocks per 17900-3.01:  None. 

 

3. TELEMETRY - TANK: 

 

Tank Level indication 

Touchscreen indication of Telemetry from the Pump Station 

 

3. TELEMETRY – PUMP STATION: 

 

RUN status 

VFD FAULT alarm 

VFD HIGH TEMPERATURE alarm 

VFD OVERCURRENT alarm 

AUTO status 

Pump Motor Amps indication 

Flow and Total indication 

 

5. TELEMETRY – FOR REGIONAL SCADA: 

 

The above Telemetry signals are all forwarded via the replacement Pump 

Station PLC for Ethernet access by the Regional SCADA RTU. 

 

 

**END OF SECTION** 
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Appendix A: Rights-of-Way and Easements Obtained by Owner 

 

To Be Published 



Dilkon Pass Booster 

  Contract Issue 

THIS PAGE LEFT INTENTIONALLY BLANK 

 



Dilkon Pass Booster 

  Contract Issue 

Appendix B: Construction Permit Obtained by Owner 

 

To Be Published 
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Department of Water Resources  
Technical, Construction and Operations Branch  

 P.O. Box 678 
 Fort Defiance, Arizona 86504 
 Ph. No. (928) 729-4132/Fax No. (928) 729-4421 

www.watercode.navajo-nsn.gov 
  

WATER USE PERMIT 
 WUP NO: __________________________ 

 

 VALID FROM _______________to _______________ 

 

NOTE: This permit is valid only upon signature of the Branch Director, Technical, Construction and Operations Branch 

(TCOB), or Director, Department of Water Resources (DWR) or Division Director, Division of Natural Resources (DNR).  

Please read Water Use Permit information sheet before completing this form. 
 
 

APPLICANT: ________________________________________________________________________________________ 
                                                   LAST NAME                                                               FIRST; OR   COMPANY NAME 

 

MAILING ADDRESS: _________________________________________________________________________________ 

CITY: __________________________________________ STATE: _________________ ZIP CODE: _________________ 

CONTACT PERSON: ___________________________________ TELEPHONE NO: _____________________________ 

EMAIL ADDRESS: ___________________________________________________________________________________ 

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *   

DATE RECEIVED: ___________________________________ DATE COMPLETED_____________________________ 

$25.00 Filing Fee Received _____________________ Receipt No. _________________________ Initial _______________ 

 

 
 IDENTIFIED WATER SOURCE TO BE USED 

(  ) Spring No:____________________________________ _ (  ) Stream Name: ___________________________________  

(  ) Stockpond Name/No: ____________________________  (  ) Lake/Reservoir Name:____________________________ 

(  ) Well No: _______________________________________ (  ) Injection Well No: _______________________________ 

Amount of water requested: ________________________________ 

(  ) Other Description/Name: __________________________________  Grazing District: _________________________ 

Chapter: ___________________________________________________ Chapter Code: ____________________________ 

State:                        (  ) AZ/Arizona                                (  ) NM/New Mexico                                 (  ) UT/Utah                   

County:                    (  ) AP/Apache                                 (  ) MK/McKinley                                     (  ) SJ/San Juan              

                                  (  ) NA/Navajo                                 (  ) VL/Valencia                                        (  )  KA/Kane                  

                                  (  ) CO/Coconino                             (  ) BL/Bernalillo 

                                                                                            (  ) SD/Sandoval 

                                                                                            (  ) SO/Socorro 

                                                                                            (  ) RA/Rio Arriba 

                                                                                            (  ) SA/San Juan 

Quad. No: (7.5 min. Series) __________________________________           

UTM COORDINATES: X (East)_____________________ Y (North) ____________________ ZONE ________________ 

NE SE SW NW   /   NE SE SW NW   /   NE SE SW NW     _________________   ________________ _________________ 

       10 Acre                       40 Acre                    160 Acre                   Section                         Township                       Range 

 



 

 2 

 

 

 

 WUP NO:_____________________________ 

 
 
 LAND STATUS 

 

(  )  TRUST                (  ) FEE                  (  ) LEASE            (  ) ALLOTMENT          ( ) OTHER____________________ 

WATERSHED NAME: _________________________________ USGS WATERSHED CODE NO.__________________ 

 

 
 CONSUMPTIVE WATER USE NEEDED FOR 

PRIMARY: 

(  )  Domestic                                                                                   (  )  Recreational 

(  )  Municipal                                                                                 (  )  Industrial  

(  )  Livestock                                                                                  (  )  Mining 

(  )  Irrigation Agriculture                                                             (  )  Commercial 

(  )  Wildlife and Fish                                                                     (  )  Other _____________________ ___________ 

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  * * * *  

DOMESTIC/MUNICIPAL: 

Number of People: _________________________ Number of Homes: ____________________ Others: _______________ 

 

TYPE OF LIVESTOCK:             (  ) Horses          No: ______________                (  ) Goats           No: _______________ 

                                                        (  ) Cattle            No: ______________               (  ) Sheep           No: ________________ 

                                                        (  ) Other:  ______________________               (  )  No: _________________ 

 

TYPE OF CROPS:                       (  ) Row (ie., corn)                                                    Acres ________________ 

                                                        (  ) Forage-Hay-Pasture                                          Acres ________________ 

                                                        (  ) Small Grains                                                      Acres ________________ 

                                                        (  ) Horticulture (ie., Fruits & Vegetables)           Acres ________________ 

 

TYPE OF WILDLIFE:                (  ) Fish                        No: ______________               (  ) Small Game     No: __________ 

                                                        (  ) Large Game          No: _______________             (  ) Birds                 No: _________ 

                                                        (  ) Others                   No: ______________ 

 

IF WATER IS USED FOR INDUSTRIAL OR MINING PURPOSES, ATTACH WATER SUPPLY PLAN 

DESCRIBING SOURCE AND METHODS OF DIVERSION, CONVEYANCE AND USES. 

SEASON OF MAXIMUM USE:          (  ) Spring                     (  ) Summer                   (  ) Fall                 (  ) Winter  

MAXIMUM RATE OF USE: ________________________     (  ) GPM                        (  ) CFS                

EXPECTED DATE WATER USAGE TO BEGIN: _________________________________________________________ 

EXPECTED VOLUME OF WATER TO BE USED: __________________________ ac/ft    (________________gallons) 

METHOD OF WATER DIVERSION:                            (  )  Instream Pump                           (  )  Gate or Gravity Flow      

                                                                                              (  ) Other: _________________________________________ 

 

METHOD OF WATER CONVEYANCE:                      (  ) Ditch                (  ) Canal             (  ) Pipeline           (  ) Truck   

                                                                                             (  ) Other: _________________________________________ 

 

ATTACH AN 8 ½ X 11" MAP SHOWING EXACT LOCATION OF IDENTIFIED WATER SOURCE AND 

SCENARIO/ LOCATION OF WHERE WATER IS TO BE USED.  

 
 RETURN FLOW OR DISCHARGE 

AMOUNT OF WATER: __________________________________________        METHOD:              (  ) Direct  

                                                (  ) GPM              (  ) CFS                     (  ) GPD                                          (  ) Indirect  

                                                                                                                                                                         (  ) Injection 

IS DISCHARGE TREATED         (  ) YES             (  ) NO 

IS QUALITY AFFECTED            (  ) YES             (  ) NO              IS TEMPERATURE AFFECTED  (  ) YES      (  ) NO 

FEDERAL/UIC PERMIT: ________   ______________________ NPDES PERMIT NUMBER: ___________________ 
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 CONDITIONS 

 
1. Purpose of definition the Technical Construction and Operations Branch (TCOB), Navajo Nation Department of Water 

Resources (Department) and “Permittee” means entity, company, water user and its successors. 

 

2. Permittee agrees to comply with the terms and conditions of the Water Use Permit and the Navajo  Nation Water Code.  

Permittee understands and agrees that failure to comply with the permit shall result in forfeiture of this permit. 

 

3. This permit may be revoked if: 

 

A. Permittee is not in compliance with any conditions set forth in this permit. 

B. Permittee is in violation of any provision of the Navajo Nation Water Code. 

C. Insufficient water supplies are present for whatever reason or terms. 

D. For any other due cause as a result of negative findings from investigation that is    

  performed by both department and permittee. 

 

4. Permit is valid only for the terms specified and shall expire at the end of the term or at the completion of the proposed project 

or required water usage, whichever comes first. Permittee’s rights to obtain water will be limited to the allocated amount.  

Permittee does not have authority to transfer, convey, or allocate the water subject to this permit to any third party or for any 

other project not specified herein.  It is further agreed between the parties that this permit does not give the Permittee the 

right to haul water for hire on the Navajo Reservation, or on land subject to the jurisdiction of the Navajo Nation.  

 

5. Permittee agrees to pay for the water used at the applicable water use rate fee. Payment must be made by Permittee within ten 

working days of receipt of the invoice. The fees for this permit will be adjusted annually over the next five (5) years by 

multiplying the fee amount that is in effect at the time of an adjustment by the CPI change. The new fee amount shall take 

effect immediately. CPI change means the amount reported as the “12 months Percent Change” under the column for 

“Annual” in the Consumer Price Index All Urban Consumers, U.S. City Average, All Items, Base Periods 1982-84=100 (not 

seasonally adjusted), as published by the Bureau of Labor Statistics of the United States Department of Labor (“BLS”) for 

the calendar year prior to the year in which the CPI Adjustment is being made.  If the applicable BLS publication ceases to 

be compiled or published, then such other available data or index as the Navajo Nation determines would be the most 

comparable to such index shall be used. An Annual Consumer Price Index adjustment from the Bureau of Labor Statistics 

will be used for the compounded water use rate and current effective annual interest rate. The annual billing period will be 

from January through December. Any restructuring of water use fees or water rate increase by the Resources and 

Development Committee of the Navajo Nation Council will be effective immediately.  

 

6. Permittee agrees to submit meter readings or other evidence showing the quantity of water withdrawn pursuant to this permit 

to the TCOB office at the end of the term or at the completion of the proposed project or required water usage, whichever 

comes first. The water use data will be submitted by the Permittee.  

 

7. Any breach of this permit or any failure to pay in full for the water used by due date will be a breach of this permit and the 

Navajo Nation may terminate this permit upon any breach by giving the Permittee notice of such termination in writing not 

less than ten (10) days prior to the effective date of termination, provided that if, Permittee remedies any such breach within 

said ten (10) days period, the permit will remain in effect.  Said notice shall state the grounds upon which the termination is 

being made.  It will be a breach of this permit and grounds for termination thereof, if Permittee obtains, or attempts to obtain 

any other water from any source within the jurisdiction of the Navajo Nation other than the source or sources permitted in 

this permit. 

 

8. Permittee agrees to obtain a Water Use Permit for each place of withdrawal of water in conjunction with the place of use 

prior to making use of such source. Authorization granted under this permit is only for the stated use of the indicated water 

source location.  Permittee is responsible for obtaining any applicable permit from the appropriate department/agency that 

may be required for the proposed work 

 

9. Permittee agrees to hold harmless and indemnify the Navajo Nation against any and all losses, costs, damages, claims, 

expenses or other liability whatsoever, rising out of, or connected with Permittee’s services under this permit including but 

not limited to, any accident or injury to person or property. 
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CONDITIONS 
 

10. All disputes arising from the subject matter of this permit or the performance thereof will be settled in the Navajo Nation 

Courts and under the laws of the Navajo Nation.  Nothing herein shall be construed as a waiver of the sovereign immunity of 

the Navajo Nation, pursuant to 1 N.T.C. §351 et seq. 

 

11. Permittee agrees to maintain the immediate area in a safe and sanitary manner, free of unnecessary debris. 

 

12. If permittee hires sub-contractors to haul water covered by Water Use Permit, Permittee must notify the Navajo TCOB office 

of sub-contractors in writing. 

 

13. In case of a Tribal Well, no more than two-thirds of the water in the water tank will be withdrawn.  Before further 

withdrawals are to be made from a water tank, the water level in the tank must be allowed to rise back to the original level. 

 

14. It is agreed that the Department of Water Resources reserves the right to limit the quantity of water that can be taken under 

this permit to the above stated amount or less, to limit or restrict the sources of the Navajo Nation and in the best interests of 

the Navajo Nation.  Such limitation will be imposed at the discretion of the Director, Department of Water Resources. 

 

15. Permittee agrees to allow reasonable entry upon their premises by Navajo Nation Employees engaged in the administration of 

this permit. 

 

16.   When insufficient water supplies are present for whatever reason or terms, the following priority of uses shall be considered 

in the order in which they are listed: 1) Domestic and municipal uses 2) Stock watering uses 3) Agriculture uses 4) Instream 

needs, for fish, wildlife conservation and recreation uses 5) Economic development uses including industrial and power uses. 

   

 

 

 

Permittee’s Signature __________________________________________ Date ______________________ 

 

 

 
 
 OFFICIAL USE ONLY 

 

 

                                  (  ) Yes   (  ) No ______________________________  Date __________________ 

              Technical Reviewer 

 

 

Approved/Disapproved: _______________________________________  Date __________________ 
                                  Branch Director, TCOB, DWR, DNR 

 

 

If Disapproved State Reasons:                                                                                                                     

                                                                                                                                                                        

                                                                                                                                                                        

                                                                                                                                                                         

 
Revised 08/10/17 
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Appendix D: NTUA Required Forms 

 

Application for Permission to Tap Existing Water Line 

NTUA Certificate of House Wiring/Meter Loop Compliance 

NTUA Project Request (Request for Electrical Service) 

Water Line Pressure Test Certification 

 









Navajo Tribal Utility Authority 
Certificate of House Wiring/Meter Loop Compliance 

 
NTUA requires that a certification be made by a registered or licensed electrician concerning the 
installation of meter loop(s) prior to service being connected by NTUA.  The certificate of the 
installation acknowledges the existence of NTUA standards as applicable portions of the 
National Electric Code (NEC).  NTUA complies with the latest edition of the NEC at the time of 
meter loop installation.  One form is required for each residence involved. 
 

Consumer Name:________________________________________________________ 

Mailing Address:_________________________________________________________ 

Physical Address:________________________________________________________ 

Home/Building Description:________________________________________________ 

Color:___________ TYPE: House [   ] Mobile Home [   ] Hogan [   ] Business [  ] Pole [  ] Other:______    

Nearest Neighbor:_______________________________________________________ 

Chapter/Project Name:____________________________________________________  

 
I certify that the wiring referenced above was performed under my supervision and is in 
compliance with the (year) _________ issue of the National Electric Code, the NTUA Standards 
and the standards of the State of _______________ and residence is ready for electric with a 
_______Amp Service. 
 
It is understood that the installation is controlled by the most restrictive code or regulation. 
 
 

ACKNOWLEDGED by Licensed Electrician  
: 
 
_______________________________________________ 
(print name) 
 
 

_______________________________________________ 
(signature)      (date) 
 

 
License #:______________________________________ 

State: _________________________________________ 

Company:______________________________________ 
   
Telephone:_____________________________________ 
 
Mailing Address:_________________________________ 
  
______________________________________________ 
 

Wiring Project Started (date):____________________________ 
 
Wiring Project Completed (date):_________________________ 
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Appendix E: Hydrostatic Test Pressure and Disinfection Requirements 
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Exhibit A: Geotechnical Investigation Report 
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Wood Environment & Infrastructure Solutions, Inc. 

8519 Jefferson Street N.E. 
Albuquerque, New Mexico 87113 

T:  505-821-1801 
www.woodplc.com 

 
10 March 2022 
Wood Project No. 22-517-00002 
 
Brown and Caldwell 
6975 Union Park Center Ste 490 
Midvale, UT 84047 
 
RE: GEOTECHNICAL ENGINEERING STUDY 

DILKON PASS PIPELINE AND PUMPHOUSE PROJECT 
DILKON, ARIZONA 

 
Attention:  Mr. Steve Brenchley, P.E. 
 
Wood Environmental & Infrastructure Solutions, Inc. (Wood) has prepared this Geotechnical Report for 
the above referenced project, which includes the results of test drilling, laboratory analyses, and 
presents recommendations for foundation design and earthwork. 
 
Should any questions arise concerning this report, we would be pleased to discuss them with you. 
 
Respectfully submitted, 
 
Wood Environment & Infrastructure Solutions, Inc.  Reviewed by: 
 
 
 
Jacob S. Hays, P.E.      R. Eric Pease, P.E., Ph.D. 
Senior Geotechnical Engineer     Associate Geotechnical Engineer 
 
 
 
Copies:   Addressee (3) 
 
 
 

http://www.woodplc.com/
rosanne.klaus
Eric Pease

rosanne.klaus
Jacob Hays
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1. INTRODUCTION 
 
This report is submitted pursuant to a geotechnical study made by this firm at the alignments of 
a proposed pipeline and pumphouse to be constructed in Dilkon, Arizona.  The object of this 
study was to evaluate the physical properties of the soils underlying the sites to provide 
recommendations for foundation design and related earthwork. 
 
2. PROPOSED CONSTRUCTION 
 
We understand that the project consists of installing a new 8-inch diameter polyvinyl chloride 
(PVC) pipeline and a new concrete masonry unit (CMU) walled pumphouse.  Review of the 30% 
design plans indicates that the new pipeline will typically be between 5 and 15 feet below grade. 
 
Should final design details vary significantly from those outlined above, this firm should be 
notified for review and possible modification of recommendations. 
 
3. SOIL STUDY 
 
3.1. Subsurface Exploration 
 
Our geotechnical field study was conducted on January 11, 2022.  Nine (9) exploratory borings 
were advanced along the proposed alignment to depths ranging from 10 to 25 feet below 
existing grades.  A truck-mounted, Central Mine Equipment Company (CME), rotary drill rig 
equipped with an 8-inch outer diameter (O.D.), hollow-stemmed auger, was used for the drilling.  
Standard penetration testing (ASTM D 1586) was performed at selected intervals in the 
subsurface and soil samples collected using split-spoon samplers.  The soils were continuously 
examined, visually classified, and logged by a Wood Field Engineer.  Neither bedrock nor cobble 
were encountered during the field investigation.  The logs of the borings are presented in 
Appendix A.  
 
The boring logs are indicators of subsurface conditions at the specific locations of drilling.  
Subsurface conditions, including groundwater levels, at other times and locations in the project 
area, may differ significantly from the conditions represented by the sampling locations. 
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3.2. Laboratory Analysis 

 
Moisture content determinations were made on all open-end drive samples recovered above 
the water table. Soil unit weights were determined on selected, relatively undisturbed 2.42-inch 
inner-diameter (I.D.) ring samples. Results of these tests are shown on the boring logs. 
 
Grain-size analysis and Atterberg limits tests were performed on selected samples to aid in soil 
classification.  Additionally, collapse potential tests were performed on relatively undisturbed 
ring samples.  Test results are presented in Appendix B, along with a brief description of soil 
mechanics testing procedures. 
 
4. SITE CONDITIONS & GEOTECHNICAL PROFILE 
 
4.1. Site Conditions 
 
Two locations were explored for this study.  The first included each side of the Coyote Wash, 
located approximately 1 mile west of the town of Dilkon, Arizona, and the other included the 
area for the proposed pipeline and pump house located approximately 8 miles east of Dilkon, 
on Indian Route 15.  The drilling included one (1) boring on each side of the Coyote Wash, six 
(6) borings along the proposed new pipeline, and one (1) boring for the proposed pump house. 
 
Geological concerns along the proposed alignment include erosion, settlement, and shallow 
groundwater near Coyote Wash. Near-surface groundwater may necessitate construction 
dewatering for portions of the construction. Proximity of the Coyote Wash introduces the 
potential for flooding, scour, and debris flow for some sections of the alignment.  There was no 
shallow rock or gravel-to-boulder-sized materials encountered during the investigation.     
 
4.2. Geotechnical Profile 
 
The soils below the alignment consist primarily of silty sands (SM), sandy lean clay (CL), and 
clayey sand (SC). 

• the silty sand is predominantly fine to medium grained, non-plastic to low plasticity, and 
has slight calcium carbonate cementation 

• the sandy lean clay is generally of medium plasticity, contains fine to medium grained 
sand, traces of gravel, and has slight to moderate calcium carbonate cementation 

• the clayey sand is generally of fine to medium size, medium plasticity, and has slight to 
moderate calcium carbonate cementation  
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Laboratory test results are presented in Appendix B. 
 
5. DISCUSSIONS & RECOMMENDATIONS 
 
5.1. Analysis of Results 
 
Soft soils are present along the proposed alignment.  The proposed pump station can be 
supported by shallow foundations on structural fill.  Recommendations for the various elements 
of the project are presented below: 
 
5.2. Masonry Pump Station Foundations 
 
Shallow, spread-type footings, bearing on a minimum thickness of 3.0 feet of compacted 
structural fill, in conjunction with recommended site preparation and moisture protection 
provisions, are recommended for support of the pump station.  A maximum bearing pressure of 
2,000 psf is recommended for both continuous and individual spread footings.  Structural fill 
should extend laterally away from the footings a depth equal to 2/3rds the thickness of the fill 
below the footing.  Two feet and 1.33 feet are the minimum recommended widths of square and 
continuous footings, respectively.     
 
The bearing pressure recommended above applies to full load plus realistic live loads and can 
be safely increased by one third for total loads including wind and seismic forces. 
 
The on-site materials, in the location of the pump station, do not meet the requirements for use 
as structural fill, based on the soil classification, percent passing the No. 200, and plasticity 
index.  It is recommended to import structural fill meeting the requirements of Section 5.4.   
 
Foundations constructed in accordance with the above criteria, are estimated with total and 
differential settlements not exceeding 1.0 inch. 
 
Prior to the placement of structural fill, native soils should be scarified to a depth of 8 inches, 
brought to a moisture content between modified optimum and plus 3 percent of modified 
optimum, and compacted.  Compaction of the soil should be accomplished by mechanical 
means to obtain a density of not less than 95 percent of the modified, maximum dry density.  
Optimum moisture content and maximum dry density should be determined in accordance with 
the modified Proctor method (ASTM D 1557).  
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For frost protection, it is recommended that the foundations be embedded a minimum of 3 feet 
below the lowest adjacent finished grade.  
 
5.3. Pipeline Soil Support and Installation 
 
The soils encountered along the proposed alignments should provide adequate support for the 
pipelines.  Differential settlement in the pipe should not exceed ½ inch across 20-foot pipe 
sections if the recommended site preparation and backfill requirements are followed.  
Settlement will primarily result from elastic movement of the soil mass during backfill and 
compaction operations. 
 
Pipes should be installed using typical industry standards, and in accordance with Section 5.4.   
 
5.4. Fill Materials 
 
Pipe Backfill:   Pipe backfilled should conform to Arizona Department of Transportation (ADOT) 
Section 501-3.04 (A). Pipe bedding materials should be placed in accordance with Arizona 
Department of Transportation (ADOT) Section 501-3.04 (B). Pipe bedding materials should be 
compacted in accordance with Arizona Department of Transportation (ADOT) Section 501-3.04 
(C). 
 
Structural Fill:  Material shall consist of soil that conforms to the following physical 
characteristics: 
 

Gradation Requirements of Structural Fill 

Sieve Size (US Standard Sieve) Percent Passing by Weight 
3 inches 100 
¾ inch 70 - 100 
No. 4 40 - 100 

No. 200 15 - 50 
 
The plasticity index of the material, as determined in accordance with ASTM D 4318, shall not 
exceed 10.  The structural fill material shall be free from roots, grass, other vegetable matter, 
clay lumps, rocks larger than 3 inches in any dimension, or other deleterious materials. 
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Pipe Bedding Material: Bedding materials should conform to Arizona Department of 
Transportation (ADOT) Section 501-3.02 (A). Pipe bedding materials should be placed in 
accordance with Arizona Department of Transportation (ADOT) Section 501-3.02 (B). Pipe 
bedding materials should be compacted in accordance with Arizona Department of 
Transportation (ADOT) Section 501-3.02 (C). 
 
5.5. Excavation Conditions and Slopes 
 
Based on the results of the field study, excavations should be completed by standard earth-
moving equipment.  It is the responsibility of the contractor to verify whether their earthwork 
equipment is adequate to perform the excavation and grading at the site.  Based upon the 
results of our field study, the soils encountered along most of the alignment classify as OSHA 
Type B or C soils and side slopes of the trench excavations should be not steeper than 1.5 to 1 
(horizontal to vertical) to a depth of 20 feet.  Trench excavations greater than 20 feet in depth 
will require a special design and approval from a registered engineer.  Some sloughing and 
caving of the side walls is anticipated; however, excessive sloughing can reduce the stability of 
the excavations and lead to slope failure.  The contractor should be prepared to bench 
excavations beyond the 1.5:1 slope or provide alternate methods for soil support such as trench 
shields or other shoring systems should unstable conditions exist. 
 
It is recommended that a representative of the geotechnical engineer periodically observe 
temporary cut slopes at the time of excavation to assess their stability.  All excavations should be 
provided with berms or other installations to prevent surface runoff from entering the 
excavation or impacting the excavation slopes.  Construction equipment and material, including 
soil stockpiles should not be placed within 5 feet of the excavation.  The exception to this 
recommendation is the presence of small soil berms constructed for temporary drainage 
purposes. 
 
The above recommendations for temporary excavation slopes are based on geotechnical 
consideration only.  These recommendations do not consider requirements that might be 
imposed by OSHA, the state of Arizona, or other governmental agencies.  For all open 
excavation and trenches OSHA and other governing entities’ regulations should be followed in 
the process of planning. 
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5.6. Lateral Loads 
 
The ultimate passive soil resistance against edges of footings, stemwalls, etc., with properly 
compacted backfill, should be considered as being equal to forces exerted by a fluid of 315 
pounds per cubic foot unit weight.  A coefficient of friction of 0.40 is recommended for 
computing lateral resistance between the bases of footings and the structural fill in analyzing 
lateral loads. 
 
Lateral pressure against below grade walls will depend upon their degree of restraint.  Walls 
which are restrained to limit movement at the top to less than 0.001 times the height of the wall 
should be designed for an "at rest" earth pressure of 50 pounds per square foot per foot of 
depth.  Walls free to move at the top, can be designed for an "active" earth pressure equal to 36 
pounds per square foot per foot of depth.  The recommended equivalent fluid pressures are 
applicable to a condition of horizontal backfill, without surcharge loads. 
 
5.7. Frictional Resistance 
 
For smooth surfaced pipelines, such as PVC, a frictional resistance of 0.2 is recommended. For 
pipelines with somewhat roughened surfaces, such as concrete coated pipes, a coefficient of 
friction of 0.3 may be used.  In addition, concrete anchor blocks and thrust blocks may use a 
coefficient of friction of 0.3.  It is not recommended that frictional resistance be combined with 
passive resistance for pressure pipelines. 
 
5.8. Construction Observation & Testing 
 
Recommendations presented in the previous sections of this report are predicated on there 
being continuous observation and testing by the geotechnical engineer's representative during 
earthwork operations.  Verification of recommended moisture contents and degree of 
compaction should be documented.  Of particular importance will be verification of bearing 
material where individual spread footings are based entirely on sandstone bedrock. 
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TEST DRILLING EQUIPMENT & PROCEDURES 

Drilling Equipment - Truck-mounted drill rigs powered with gasoline or diesel engines 
are used in advancing test borings.  Drilling through soil or softer rock is performed with 
hollow-stem auger or continuous flight auger.  Carbide insert teeth are normally used on 
the auger bits so they can often penetrate rock or very strongly cemented soils which 
require blasting or very heavy equipment for excavation.  Where refusal is experienced in 
auger drilling, the holes are sometimes advanced with tricone gear bits and NX rods 
using water or air as a drilling fluid. 

Sampling Procedures - Dynamically driven tube samples are usually obtained at 
selected intervals in the borings by the ASTM D1586 procedures.  In most cases, 2-inch 
O.D., 1-3/8-inch I.D. samplers are used to obtain the standard penetration resistance.
"Undisturbed" samples of firmer soils are often obtained with 3-inch O.D. samplers lined
with 2.42-inch I.D. brass rings.  The driving energy is generally recorded as the number of
blows of a 140-pound, 30-inch free-fall drop hammer required to advance the samplers
in 6-inch increments. However, in stratified soils, driving resistance is sometimes
recorded in 2 or 3-inch increments so that soil changes and the presence of scattered
gravel or cemented layers can be readily detected and the realistic penetration values
obtained for consideration in design.  These values are expressed in blows per foot on
the logs.  "Undisturbed" sampling of softer soils is sometimes performed with thin-
walled Shelby tubes (ASTM D1587).  Where samples of rock are required, they are
obtained by NX diamond core drilling (ASTM D2113).  Tube samples are labeled and
placed in water-tight containers to maintain field moisture contents for testing.  When
necessary for testing, larger bulk samples are taken from auger cuttings.

Continuous Penetration Tests - Continuous penetration tests are performed by driving 
a 2-inch O.D. blunt nosed penetrometer adjacent to or in the bottom of borings.  The 
penetrometer is attached to 1-5/8-inch O.D. drill rods to provide clearance to minimize 
side friction so that penetration values are as nearly as possible a measure of end 
resistance.  Penetration values are recorded as the number of blows of a 140-pound, 30-
inch free-fall drop hammer required to advance the penetrometer in one-foot 
increments or less. 

Boring Records - Drilling operations are directed by our field engineer or geologist who 
examines soil recovery and prepares boring logs.  Soils are visually classified in 
accordance with the Unified Soil Classification System (ASTM D2487), with appropriate 
group symbols being shown on the logs. 
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UNIFIED CLASSIFICATION SYSTEM FOR SOILS 

Soils are visually classified by the United Soil Classification System on the boring logs presented in this report. 

Grain-size analysis and Atterberg Limits Tests are often performed on selected samples to aid in classification. 

The classification system is briefly outlined on this chart. For a more detailed description of the system, see 

"The Unified Soil Classification System" ASTM Designation: D2487 
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MAJOR DIVISION 

CLEAN GRAVELS 

(Less than 5% passes No. 200 sieve) 

GRAVELS WITH 

FINES 

(More than 12% 

passes No. 200 sieve) 

Pl <4 or plots below 
"A"line 

Pl >7 and plots on 
or above "A" line 

CLEAN SANDS 

(Less than 5% passes No. 200 sieve) 

SANDS WITH 

FINES 

(More than 12% 

passes No. 200 sieve) 

Pl <4 or plots below 
"A"line 

Pl >7 and plots on 
or above "A" line 

SIL TS OF LOW PLASTICITY 

(Liquid limit less than 50) 

SIL TS OF HIGH PLASTICITY 

(Liquid limit 50 or more) 

CLAYS OF LOW PLASTICITY 

(Liquid limit less than 50) 

CLAYS OF HIGH PLASTICITY 

(Liquid limit 50 or more) 

GR APH GROUP 

SYMBOL SYMBOL 

GW 

GP 

GM 

GC 

SW 

SP 

SM 

SC 

ML 

MH 

CL 

CH 

TYPICAL DESCRIPTION 

Well graded gravels, gravel-sized mixtures 
or sand-gravel-cobble mixture. 

Poorly graded gravels, gravel-sized mixtures 
or sand-gravel-cobble mixture. 

Silty gravels, gravel-sand-silt mixture. 

Clayey gravels, gravel-sand-clay mixture. 

Well graded sands, gravelly sands. 

Poorly graded sands, gravelly sands. 

Silty sands, sand-silt mixtures. 

Clayey sands, sand-clay mixtures. 

Inorganic silts, clayey silts with slight 
plasticity. 

Inorganic silts of high plasticity, silty soils, 
elastic silts. 

Inorganic clays of low to medium plasticity, 
gravelly clays, sandy clays, silty clays, lean clays. 

Inorganic clays of high plasticity, fat clays, 

silty and sandy clays of high plasticity. 

NOTE: Coarse-grained soils with between 5% to 12% passing the No. 200 sieve and fine-grained soils with limits plotting in the hatched zone 

on the plasticity chart have a dual symbol. 
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PLASTICITY CHART DEFINITIONS OF SOIL FRACTIONS 

Amount Modifiers Tenn Size(mm) 

Rare <2% Boulders >300 
Occasional <5% Cobbles 75 to 300 
Trace 10% Gravel (coarse) 19 to 75 
Some 20% Gravel (fine) 4.75 to 19 
Considerable 30% Sand (coarse) 2 to4.75 

Sand (medium) 0.425 to 2 
Sand (fine) 0.075 to 0.425 
SilVClay <0.075 

Sieve Size 

>12 in 
3to 12 in 
3/4 to 3 in 
#4 to 3/4 in 
#10 to #4 
#40 to #10 
#200 to#40 
<#200 

elyse.nardick
wood logo



TERMINOLOGY USED TO DESCRIBE THE RELATIVE DENSITY, 
CONSISTENCY OR FIRMNESS OF SOILS 

The terminology used on the boring logs to describe the relative density, consistency or firmness of soils 
relative to the standard penetration resistance is presented below.  The standard penetration resistance (N) 
in blows per foot is obtained by the ASTM D1586 procedure using 2" O.D., 1 3/8" I.D. samplers. When a 
modified California sampler is used (ASTM D3550), an approximate N-value is obtained by multiplying by 
two-thirds. 

1. Relative Density.  Terms for description of relative density of cohesionless, uncemented sands and
sand-gravel mixtures.

 N   Relative Density 

0-4 Very loose 
5-10 Loose 

11-30 Medium dense
31-50 Dense
50+ Very dense

2. Relative Consistency.  Terms for description of clays which are saturated or near saturation.

  N   Relative Consistency               Remarks 

0-2 Very soft Easily penetrated several inches with fist. 
3-4 Soft Easily penetrated several inches with thumb. 
5-8 Medium stiff Can be penetrated several inches with thumb with 

moderate effort. 
9-15 Stiff Readily indented with thumb, but penetrated only with 

great effort. 
16-30 Very stiff Readily indented with thumbnail. 
30+ Hard Indented only with difficulty by thumbnail. 

3. Relative Firmness.  Terms for description of partially saturated and/or cemented soils that commonly
occur in the Southwest including clays, cemented granular materials, silts and silty and clayey granular
soils.

  N   Relative Firmness 

0-4 Very soft 
5-8 Soft 
9-15 Moderately firm 

16-30 Firm 
31-50 Very firm 
50+ Hard

TERMINOLOGY USED TO DESCRIBE CEMENTATION 

Uncemented  No reaction to HCI, or easily broken with finger pressure 

Weakly Reacts with HCI, and some calcium carbonate filaments, and possibly nodules, and 
crumbles with moderate finger pressure and N>15 

Moderately Reacts strongly with HCI, and filaments continuous throughout, and nodules present, 
and sample is white/gray, and considerable finger pressure required to break soil into 
chunks, and blowcount for 3rd interval >30 

Strongly Reacts strongly with HCI, filaments continuous and almost indistinguishable, nodules 
are larger, and sample is white, and will not crumble with firm finger pressure, and 
refusal blowcounts (blowcount >50 for 6-inch interval) 
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SP-SM

SM

103.8

5.5

3.3

2.6

6.7

3.9

5.4

SILTY SAND (SM), fine sand, no P.I., poorly
sorted, reddish brown.

POORLY GRADED SAND with SILT AND
GRAVEL (SP-SM), no P.I.

SILTY SAND with GRAVEL(SM), no P.I.,
slightly fissled, trace caliche, mod. cemented,
strongly reacts to HCI, pale brown, white.

SITLY SAND(SM), fine sand, no P.I., pale
brown.

SILTY SAND, pred. silt, no P.I., no
cementation, reddish brown.

Augering ended at 15', sampling ended at 16.5'.

Very Loose

Moist

Medium Dense

Firm
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ML6.2

5.6

5.7

6.0

5.6

SILTY SAND (ML), very fine sand, no P.I.,
poorly sorted, reddish brown.

CLAY (CL), slickensided, fissled, med P.I.,
mod. cemented, reacts to HCI, light
reddish-brown.

 CLAYEY-SAND (SC-SM), slightly fissled,
lenses of sandstone, med P.I., mod. to weakly
cemented, weakly reacts to HCI, pale brown,
white.
Augering ended at 10.3", sampling ended at 10'.

Medium dense,
moist.

Hard, moist.
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99.9

9.8

4.7

4.3

6.0

6.9

SILTY SAND (SM), no P.I., dark brown. 2" of
sample recovered.

SITLY SAND (SM), fissled no P.I., light
reddish brown.

SILTY SAND (SM), pred. silty, no P.I., no
cementation, reddish brown.

CLAY (CL), fissled, med P.I., mod. cemented
reddish brown.
Augering ended at 10', sampling ended at 10.5'

Medium dense,
moist

Dense

Very dense
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116.4

6.7

3.5

5.3

6.3

5.5

6.8

SILTY SAND (SM), fine sand, no P.I., trace
fine gravel-coal, uncemented, dark brown.

SILTY SAND (SM), fine sand, well sorted,
rounded, no P.I., trace fine gravel, no
cementation, greyish brown.

SILTY SAND (SM), pred. fine, uncemented to
mod. cemented, no P.I., reddish brown.

CLAY (CL), fine sand, fissled, med P.I., mod.
cemented, reacts to HCI, light reddish brown.
Three inches of sample recovered.

Augering ended at 15', sampling ended at 15.2'.

Very dense

Slightly moist

Hard, slightly moist
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CL

SP-SM

7.9

4.3

5.4

2.4

1.3

6.2

CLAY (CL), fine sand, med P.I., weakly
cemented, dark reddish-brown.

CLAY (CL), low P.I., fissled, mod. cemented,
reacts to HCI, white.

SILTY SAND (SM), no P.I., trace fine
gravel-coal, angular, light grey.

@ 8' - fine angular gravel from augering
surfaced.

@ 14' - volcanic material from auger surfaced.

POORLY GRADED SAND wih SILT and
GRAVEL (SP-SM), no P.I., uncemented,
poorly sorted, light brown.

SILTY SAND (SM), fine to med grained sand,
no P.I., weakly cemented, trace fine gravel, sub
rounded, dark grey.
Augering ended at 25', sampling ended at 26.5'.

Firm

Medium dense

Slightly moist

Dense, slightly
moist
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CL

SC

98.3

8.7

6.5

6.1

6.8

8.0

SILTY SAND (SM), fine sand, no P.I.,
uncemented reddish brown.

CLAY (CL), low P.I., fissled, trace caliche, mod
cemented, reddish brown.

CLAYEY SAND with GRAVEL (SC), low P.I.,
fissled, slickensided, mod to strongly cemented,
strongly reacts to HCI, some caliche, light
reddish brown.

CLAY (CL), blocky, strongly cemented, cons.
caliche, fissled, light brown, light grey, white.

Augering ended at 10', sampling ended at 11.5'.

Loose, moist

Very firm, slighty
moist

Firm, light reddish
brown

Very firm, slightly
moist
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SP-SM

SM

92.8

4.7

5.7

5.5

5.4

5.1

SILTY SAND (SM), pred fine sand, no P.I.,
uncemented, light brown.

SAND-GRAVEL-CLAY MIXTURES (SC-SM) ,
low P.I.

SILTLY SAND (SM), pred silt, no P.I.,
uncemented, reacts to HCI, pale brown.

3" of sample recovered.
Augering ended at 10', sampling ended at 10.5'.

Very loose, slightly
moist

Loose

Very dense, slightly
moist
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T- Percolation Test.
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SM

5.4

3.7

5.9

5.8

18.6

10.5

SILTY SAND (SM), no P.I., no cementation,
reddish brown.

2" of sample recovered.

SILTY SAND (SM), no P.I., reddish brown.

SILTY SAND (SM), pred. silt, slightly
effervences, uncemented, dark red.

SILTY SAND (SM), slickensided, fissled, no
P.I., weakly cemented, dark red.
Augering ended at 20', sampling ended at 20.5'.
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DATUM
SURFACE ELEV.

DEPTH HOUR A-Auger cuttings; NR-No Recovery
S-2" O.D. 1.38" I.D. tube sample.
U-3" O.D. 2.42" I.D. tube sample.
T- Percolation Test.
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SM

SP-SM

133.0

5.5

6.8

6.6

3.8

13.9

21.4

10.4

13.2

SILTY SAND (SM), no P.I., pred. silt,
uncemented, reddish brown.

SILTY SAND with GRAVEL (SM), no P.I.

SILTY SAND (SM), fine sand, well sorted,
subangular, trace fine gravel, uncemented, dark
brown-grey.

CLAEY SAND (SC), low P.I., uncemented,
reddish brown.

CLAEY SAND (SC), low P.I., pred fine
grained, uncemented, dark reddish brown.

SILTY SAND (SM), no P.I., med to coarse
sand, well sorted, uncemented, trace coal-fine
gravel, subangular, black.
Augering ended at 25', sampling ended at 25.4'.

Medium dense,
moist

Very loose

Medium dense,
moist

Medium firm, moist

Very moist
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wet

Very dense, wet
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1/10/2222-517-00002

DATUM
SURFACE ELEV.

DEPTH HOUR A-Auger cuttings; NR-No Recovery
S-2" O.D. 1.38" I.D. tube sample.
U-3" O.D. 2.42" I.D. tube sample.
T- Percolation Test.
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Classification Test Data 

 

Consolidation Test Results 

 

 



Client: Brown & Caldwell Consultants

PO Box 8045

Walnut Creek,  CA     94596

Attn: Steve Brenchley

Report Date: February 01, 2022

Project Name: NTUA Dilkon Pass BPS and Pipeline

Project #: 22-517-00002

Work Order #: 1

Sampled By: Antionette Jim

Date Sampled:

PO Number: 37279

Project Manager: John Leeper SOILS / AGGREGATES

Lab # Color & Type of Material Sample Source
Test 

Method

Oven 
Temp. 

(C)

Moisture 
(%)

Dry Density 
(pcf)

Report #: 2445

MOISTURE CONTENT OF SOIL (ASTM D2216-19) AND IN-SITU DENSITY

22-0024-01 See Boring Log B1 @ 0' B 110 5.5

22-0024-02 See Boring Log B1 @ 2.5' B 110 3.3

22-0024-03 See Boring Log B1 @ 5.0' B 110 2.6 103.4

22-0024-04 See Boring Log B1 @ 7.5' B 110 6.7

22-0024-05 See Boring Log B1 @ 10.0' B 110 3.9

22-0024-06 See Boring Log B1 @ 15.0' B 110 5.4

22-0024-07 See Boring Log B2 @ 0' B 110 6.2

22-0024-08 See Boring Log B2 @ 2.5' B 110 5.6

22-0024-09 See Boring Log B2 @ 5.0' B 110 5.7

22-0024-10 See Boring Log B2 @ 7.5' B 110 6.0

22-0024-11 See Boring Log B2 @ 10.0' B 110 5.6

22-0024-12 See Boring Log B3 @ 0' B 110 9.8

22-0024-13 See Boring Log B3 @ 2.5' B 110 4.7

22-0024-14 See Boring Log B3 @ 5.0' B 110 4.3 99.9

22-0024-15 See Boring Log B3 @ 7.5' B 110 6.0

22-0024-16 See Boring Log B3 @ 10.0' B 110 6.9

22-0024-17 See Boring Log B4 @ 0' B 110 6.7

22-0024-18 See Boring Log B4 @ 2.5' B 110 3.5

22-0024-19 See Boring Log B4 @ 5.0' B 110 5.3

22-0024-20 See Boring Log B4 @ 7.5' B 110 6.3 116.4

22-0024-21 See Boring Log B4 @ 10.0' B 110 5.5

22-0024-22 See Boring Log B4 @ 15.0' B 110 6.8

22-0024-23 See Boring Log B5 @ 2.5' B 110 7.9

22-0024-24 See Boring Log B5 @ 5.0' B 110 4.3

22-0024-25 See Boring Log B5 @ 7.5' B 110 5.4

22-0024-26 See Boring Log B5 @ 10.0' B 110

22-0024-27 See Boring Log B5 @ 15.0' B 110 2.4

22-0024-28 See Boring Log B5 @ 20.0' B 110 1.3

22-0024-29 See Boring Log B5 @ 25.0' B 110 6.2

22-0024-30 See Boring Log B6 @ 0' B 110 8.7

22-0024-31 See Boring Log B6 @ 2.5' B 110 6.5
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Albuquerque, NM  87113
Tel    5058211801
Fax     5058217371 www.woodplc.com  
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Client: Brown & Caldwell Consultants

PO Box 8045

Walnut Creek,  CA     94596

Attn: Steve Brenchley

Report Date: February 01, 2022

Project Name: NTUA Dilkon Pass BPS and Pipeline

Project #: 22-517-00002

Work Order #: 1

Sampled By: Antionette Jim

Date Sampled:

PO Number: 37279

Project Manager: John Leeper SOILS / AGGREGATES

Lab # Color & Type of Material Sample Source
Test 

Method

Oven 
Temp. 

(C)

Moisture 
(%)

Dry Density 
(pcf)

Report #: 2445

MOISTURE CONTENT OF SOIL (ASTM D2216-19) AND IN-SITU DENSITY

22-0024-32 See Boring Log B6 @ 5.0' B 110 6.1 98.3

22-0024-33 See Boring Log B6 @ 7.5' B 110 6.8

22-0024-34 See Boring Log B6 @ 10.0' B 110 8.0

22-0024-35 See Boring Log B7 @ 0' B 110 4.7

22-0024-36 See Boring Log B7 @ 2.5' B 110 5.7

22-0024-37 See Boring Log B7 @ 5.0' B 110 5.5 92.8

22-0024-38 See Boring Log B7 @ 7.5' B 110 5.4

22-0024-39 See Boring Log B7 @ 10.0' B 110 5.1

22-0024-40 See Boring Log B8 @ 0' B 110 5.4

22-0024-41 See Boring Log B8 @ 2.5' B 110 3.7

22-0024-42 See Boring Log B8 @ 5.0' B 110 5.9

22-0024-43 See Boring Log B8 @ 7.5' B 110 5.8

22-0024-44 See Boring Log B8 @ 10.0' B 110

22-0024-45 See Boring Log B8 @ 15.0' B 110 18.6

22-0024-46 See Boring Log B8 @ 20.0' B 110 10.5

22-0024-47 See Boring Log B9 @ 0' B 110 5.5

22-0024-48 See Boring Log B9 @ 2.5' B 110 6.8

22-0024-49 See Boring Log B9 @ 5.0' B 110 6.6

22-0024-50 See Boring Log B9 @ 7.5' B 110 3.8

22-0024-51 See Boring Log B9 @ 10.0' B 110 13.9

22-0024-52 See Boring Log B9 @ 15.0' B 110 21.4

22-0024-53 See Boring Log B9 @ 20.0' B 110 10.4 133.0

22-0024-54 See Boring Log B9 @ 25.0' B 110 13.2
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Client: Brown & Caldwell Consultants

PO Box 8045

Walnut Creek,  CA     94596

Attention: Steve Brenchley

Report Date: February 01, 2022

Project Name: NTUA Dilkon Pass BPS and Pipeline

Project #: 22-517-00002

Work Order #: 1

Sampled By: Antionette Jim

Date Sampled:

PO Number: 37279

Project Manager: John Leeper

Sieve Analysis

Plasticity Index

Soil ClassificationSOILS / AGGREGATES

Sample Location L.L.
Soil 

Class. P.I. #200 #100 #50 #40 #30 #16 #10 #8 #4 3/8" 1/2" 3/4" 1" 1 1/2" 2"1 1/4"1/4" 2 1/2" 3" 6" 12"
Lab  Number

(ASTM C117-17/C136-19)

(ASTM D4318-17)

(ASTM D2487-17)

Sieve Sizes Sieve Result are as Percent Passing.

B1 @ 2.5' NV NP 11 58 93 97 99 100 22-0024-02SP-SM

B1 @ 7.5' NV NP 38 76 98 99 99 100 22-0024-04SM

B2 @ 0' NV NP 78 86 89 90 91 93 94 95 96 99 100 22-0024-07ML

B3 @ 7.5' 72 83 89 91 92 94 96 96 98 100 22-0024-15

B5 @ 2.5' 29 10 68 84 92 93 96 97 97 98 98 99 100 22-0024-23CL

B5 @ 7.5' 17 23 29 34 38 45 51 52 59 68 71 76 93 100 22-0024-25

B5 @ 15.0' NV NP 58 83 88 93 97 98 98 99 100 22-0024-277.1SP-SM

B6 @ 2.5' 25 10 52 89 98 99 100 22-0024-31CL

B6 @ 7.5' 22 8 45 77 91 95 97 99 100 22-0024-33SC

B7 @ 2.5' 21 5 37 74 85 88 90 93 94 94 95 96 96 100 22-0024-36SC-SM

B7 @ 7.5' NV NP 43 94 99 99 100 22-0024-38SM

B8 @ 7.5' NV NP 28 64 85 88 90 93 94 94 95 98 98 100 22-0024-43SM

B9 @ 5.0' NV NP 44 85 99 100 22-0024-49SM

B9 @ 10.0' 23 7 39 66 85 91 95 98 98 98 99 100 22-0024-51SC-SM
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Client: Brown & Caldwell Consultants

PO Box 8045

Walnut Creek,  CA     94596

Attn: Steve Brenchley

Report Date: March 02, 2022

Project Name: NTUA Dilkon Pass BPS and Pipeline

Project #: 22-517-00002

Work Order #: 1

Lab #: 22-0024-26

Sampled By: Antionette Jim

Date Sampled:

Visual Description of 
Material:

See Boring Log

Sample Source: B5 @ 10.0'PO Number: 37279

Project Manager: John Leeper SOILS / AGGREGATES

Measurement of Collapse Potential of Soils (ASTM D5333-03)

Initial Volume (cu.in.): 4.60 Final Volume (cu.in.): 4.44

Initial Moisture (%): 4.0% Final Moisture (%): 13.9%

Initial Dry Density (pcf): 116.9 Final Dry Density (pcf): 121.0

Initial Void Ratio: 0.42 Final Void Ratio: 0.37

Initial Degree of Saturation: 26% Final Degree Saturation: 101%

Saturated at: 1 tsf2.650Estimated Specific Gravity:

Consolidation at Max Load: 3.74%Soil Classification:
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Client: Brown & Caldwell Consultants

PO Box 8045

Walnut Creek,  CA     94596

Attn: Steve Brenchley

Report Date: March 02, 2022

Project Name: NTUA Dilkon Pass BPS and Pipeline

Project #: 22-517-00002

Work Order #: 1

Lab #: 22-0024-44

Sampled By: Antionette Jim

Date Sampled:

Visual Description of 
Material:

See Boring Log

Sample Source: B8 @ 10.0'PO Number: 37279

Project Manager: John Leeper SOILS / AGGREGATES

Measurement of Collapse Potential of Soils (ASTM D5333-03)

Initial Volume (cu.in.): 4.60 Final Volume (cu.in.): 4.56

Initial Moisture (%): 5.5% Final Moisture (%): 17.7%

Initial Dry Density (pcf): 102.3 Final Dry Density (pcf): 103.1

Initial Void Ratio: 0.62 Final Void Ratio: 0.60

Initial Degree of Saturation: 24% Final Degree Saturation: 78%

Saturated at: 0.125 tsf2.650Estimated Specific Gravity:

Consolidation at Max Load: 3.74%Soil Classification:
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