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SECTION 22 00 00 
PLUMBING 


PART 1 GENERAL 
1.1 SUMMARY 


A. Section includes general information, products, and execution for plumbing. 
B. Related Sections: 


1. SECTION 09 90 00 – PAINTING AND COATING 
2. SECTION 33 11 01.01 – STEEL PIPING 


1.2 REFERENCES 
A. American Society of Mechanical Engineers (ASME): 


1. B16.5 – Pipe Flanges and Flanged Fittings  
2. B16.11 – Forged Fittings, Socket-Welding and Threaded 
3. B16.22 – Wrought Copper and Copper Alloy Solder Joint Pressure Fittings 
4. B16.24 – Cast Copper Alloy Pipe Flanges and Flanged Fittings 


B. American Water Works Association (AWWA): 
1. C111 – Rubber-Gasket Joints for Ductile-Iron Pressure Pipe and Fittings 
2. C207 – Steel Pipe Flanges for Waterworks Service – Sizes 4 In. through 144 In 
3. C509 – Resilient-Seated Gate Valves for Water Supply Service 
4. C515 – Reduced-Wall, Resilient-Seated Gate Valves for Water Supply Service 
5. C550 – Protective Interior Coatings for Valves and Hydrants 
6. C800 – Underground Service Line Valves and Fittings 


C. ASTM International (ASTM): 
1. A 153 – Standard Specification for Zinc Coating (Hot-Dip) on Iron and Steel Hardware 
2. A 182 – Standard Specification for Forged or Rolled Alloy and Stainless Steel Pipe Flanges, Forged Fittings, and 


Valves and Parts for High-Temperature Service 
3. A 194 – Standard Specification for Carbon and Alloy Steel Nuts for Bolts for High Pressure or High Temperature 


Service, or Both 
4. A 276 – Standard Specification for Stainless Steel Bars and Shapes 
5. A 312 – Standard Specification for Seamless, Welded, and Heavily Cold Worked Austenitic Stainless Steel Pipes 
6. A 320 – Standard Specification for Alloy-Steel and Stainless Steel Bolting for Low-Temperature Service 
7. A 774 – Standard Specification for As-Welded Wrought Austenitic Stainless Steel Fittings for General Corrosive 


Service at Low and Moderate Temperatures 
8. A 778 – Standard Specification for Welded, Unannealed Austenitic Stainless Steel Tubular Products 
9. B 32 – Standard Specification for Solder Metal 
10. B 75 – Standard Specification for Seamless Copper Tube 
11. B 88 – Standard Specification for Seamless Copper Water Tube 
12. B 584 – Standard Specification for Copper Alloy Sand Castings for General Applications 


D. Denver Water (DW): 
1. Engineering Standards, MS-5 – Resilient Seated Gate Valves 
2. Engineering Standards, MS-23 – Brass and Bronze Goods 


E. Manufacturers Standardization Society (MSS): 
1. SP-43 – Wrought and Fabricated Butt-Welding Fittings for Low Pressure, Corrosion Resistant Applications 
2. SP-58 – Pipe Hangers and Supports – Materials, Design, and Manufacture, Selection, Application, and Installation 
3. SP-69 – Pipe Hangers and Supports – Selection and Application 


1.3 SUBMITTALS 
A. Product Data: 


1. Manufacturer. 
2. Material. 
3. Equipment drawings and data. 
4. Valve actuator power and control wiring diagrams, including terminals and numbers. 
5. Complete motor nameplate data. 
6. Open/close and throttling valve actuators sizing calculations. 
7. Maximum torque capabilities of the valve operator mechanism and the operating torque requirement for each 


valve under the specified operation condition. 
8. Color and finish. 


B. Shop Drawings: 
1. Drawings showing changes in the location of fixtures or equipment that are advisable in the opinion of the 


CONTRACTOR. 
2. Changes in the location of equipment or piping that affects connecting or adjacent Work, before proceeding with 


Work. 
3. Drawings of the piping support system that locate each support, brace, hanger, guide, component, and anchor.  


Identify support, hanger, guide, and anchor type by catalog number and Shop Drawing detail number. 
4. Revisions to support systems resulting from changes in the related piping system layout or the addition of flexible 


joints. 
C. Test records produced during testing. 
D. Leakage Test Plan:  Submit prior to testing and include at least the following: 


1. Testing dates. 
2. Piping systems and sections to be tested. 
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3. Test type. 
4. Method of isolation. 
5. A calculation of the maximum allowable leakage for the sections to be tested. 
6. Certifications of calibration:  Testing equipment. 
7. A certified test report following testing. 


E. Supplements listed in this Section. 
1.4 QUALITY ASSURANCE 


A. Design Requirements: 
1. Design, size, and locate piping support systems throughout the facility, whether or not shown on the Drawings. 
2. Piping, smaller than 30-inches:  Pipe supports are shown on the Drawings only where specific types and locations 


are required; provide additional supports as required. 
3. Piping, 30-inches and larger:  Support systems are designed for the piping shown on the Drawings. 
4. In accordance with MSS SP-58 and MSS SP-69. 


PART 2 PRODUCTS 
2.1 APPROVED MANUFACTURERS 


A. Insulating Dielectric Unions and Flanges: 
1. Epco Sales, Inc. 
2. Capitol Insulation Unions 


B. Channel Type Support Systems: 
1. Kin-Line, Series CI3512 
2. Unistrut, Series P3200 


C. Pipe Sleeve Modular Mechanical Seal: 
1. Thunderline Link-Seal 


D. Hose Valves and Hydrants – HB-1, Hose Valve: 
1. Jenkins, Figure 106-BJ 


E. Gate Valves: 
1. Type V125 Resilient-Seated Gate Valve: 


a. American Flow Control 
b. American AVK, AWWA C509 only 
c. Clow, AWWA C509 only 
d. East Jordan Iron Works 
e. Kennedy Valve, AWWA C509 only 
f. Mueller Company, AWWA C509 only 
g. U.S. Pipe Valve, AWWA C509 only 


F. Ball Valves: 
1. Type V300 Ball Valve:  Apollo, 82 series 
2. Type V301 Ball Valve:  Dezurik, FPB 
3. Type V464 corporation stop:  Ford Meter Box Co. 


G. Globe Valves: 
1. Type V200 Globe Valve: 


a. Crane Co., 7TF, threaded end 
b. Stockham, B-22T, threaded end 
c. Stockham, B-24, soldered end 


H. Check Valves: 
1. Type V605 Check Valve: 


a. Stockham 
b. Milwaukee 


I. Buried Operator: 
1. Limitorque HBC 
2. EIM WB Series 


J. Gauge Cock Valves: 
1. Ernst Gage Co. 
2. Lunkenheimer 


K. Rubber Water Hose: 
1. B.F. Goodrich, BFG General Service Black Cover Hose 
2. Boston Industrial Hose 


L. Hose Nozzles: 
1. Akron Brass 
2. Potter Roemer, Figure 2971 


2.2 MATERIALS 
A. Support and Hanger Materials: 


1. Wetted and submerged:  Stainless steel. 
2. Atmospheric exposed:  Galvanized. 


B. Joints:  Tight fitting, watertight, and without imperfections; furnish only the Manufacturer’s recommended lubricants. 
C. Insulating Dielectric Unions and Flanges: 


1. As specified in SECTION 33 11 01.01. 
2. Furnish between ferrous and non-ferrous piping and where otherwise required for electrically insulated 


connection, as shown on the Drawings. 
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3. Materials:  Galvanically compatible with piping to which it is attached and pressure ratings suitable for system 
working pressures. 


4. Unions, 2-inches and smaller:  Screwed or solder-joint type. 
5. Unions, 2 1/2-inches and larger:  Flanged type, complete with bolt insulators, dielectric gasket, bolts, and nuts. 


D. Channel Type Support Systems: 
1. Galvanized:  Pre-galvanized in accordance with ASTM B 584, Class G90, or hot-dip galvanized after fabrication. 
2. Stainless steel:  ASTM A 276 Type 304 stainless steel. 
3. Channel size:  12 gauge, 1 5/8-inch wide series. 
4. Members and connections:  Designed for loads with a safety factor of 5. 


E. Anchoring Systems: 
1. Wetted and submerged:  Stainless steel. 
2. Atmospheric exposed:  Galvanized; coat as specified in SECTION 09 90 00, System No. 29, fusion-bonded 


coating. 
3. Size:  Sized by the equipment Manufacturer. 


F. PVC Piping, Valves, and Fittings:  Schedule 80 pipe and fittings, true union ball valves with lever operator. 
G. Pipe Sleeves: 


1. Steel pipe sleeve: 
a. Material:  Steel pipe, 3/16-inch minimum thickness. 
b. Seep ring: 


1) Center steel flange, 3/16-inch minimum thickness, for water stoppage on sleeves in exterior or 
water-bearing walls. 


2) Outside diameter:  3 inches greater than the outside diameter of the pipe sleeve. 
3) Continuously fillet weld on each side all around. 


c. Factory finish: 
1) Galvanizing: 


a) Hot-dip applied, in accordance with ASTM A 153. 
b) Electroplated zinc and cadmium plating are not acceptable. 


2. Modular mechanical seal: 
a. Type:  Interconnected synthetic rubber links shall be shaped and sized to continuously fill the annular space 


between pipe and the wall sleeve opening. 
b. Fabrication:  Assemble interconnected rubber links with ASTM A 276, Type 316 stainless steel bolts, nuts, 


and pressure plates. 
c. Size:  According to the Manufacturer's instructions for the size of pipes shown on the Drawings to provide a 


watertight seal between pipe and the wall sleeve opening and to withstand a hydrostatic head of 40 feet of 
water. 


H. Hose Valves and Hydrants – HB-1, Hose Valve: 
1. Cast bronze globe valve, with NPT screwed ends, union bonnet, rising stem, PTFE disc, bronze seat, handwheel, 


and NPT by 3/4-inch NST hose thread adapter outlet connection. 
2. Valve shall be rated 150 psi SWP, 300 psi WOG. 


I. Valves and Operators: 
1. Each unit shall have the name of the Manufacturer and the size of the valve cast on the body or bonnet or shown 


on a permanently attached plate in raised letters. 
2. Epoxy lining and coating: 


a. In accordance with AWWA C550. 
b. Two-part liquid material or heat-activated (fusion) material, except only heat-activated material if specified as 


fusion or fusion-bonded epoxy. 
c. Minimum 7 mil DFT except where limited by valve operating tolerances. 


J. Gate Valves: 
1. Type V125 resilient-seated gate valve, 3-inches and larger for water service: 


a. In accordance with DW Engineering Standard MS-5. 
b. Except as modified or supplemented herein, resilient-seated gate valves shall be in accordance with AWWA 


C509 or AWWA C515. 
c. Mechanical joints in accordance with AWWA C111; Tee head bolts and nuts shall be fabricated from a high-


strength, low-alloy steel known as Cor-Ten, Usalloy, or shall be DI Durabolt. 
d. Provide handwheel for exposed valves and 2-inch operating nuts for buried valves. 


K. Globe Valves:  Type V200 globe valve, 3-inches and smaller shall be all-bronze, union bonnet, inside screw, rising 
stem, PTFE disc, rated 150 psi SWP, 300 psi WOG. 


L. Ball Valves: 
1. Type V300 ball valve, 4-inches and smaller for general water and air service:  Bronze, 3-piece, full port, blow-out 


proof stem, soldered or threaded ends, RPTFE seats and packing, hand lever operation, rated 150 psi SWP, 600 
psi WOG. 


2. Type V301 ball valve, 4-inches and smaller for general water service:  316 stainless steel body, full port, stainless 
steel ball, stainless steel seat with satellite overlay, PTFE Chevron packing, stainless steel shaft, flanged ANSI 
Class 150. 


M. Plug Valves: 
1. Type V462 gauge cock:  1/4-inch bronze body, hexagon end pattern, tee head, female ends, rated 125 psi SWP. 
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2. Type V464 corporation stop:  In accordance with DW Engineering Standard MS-23 and AWWA C800, tapered 
threaded inlet, except when connecting to tapped fittings which require IPS tapered threads, outlet compression 
connection, or IPS threads to suit connecting pipe, rated 150 psi. 


N. Check Valves:  Type V605 check valve, 2-inches and smaller shall be all-bronze, screwed ends and cap, swing type 
replaceable Buna-N disc, rated 150 psi SWP, 200 psi WOG. 


O. Operators: 
1. General: 


a. Valves shall be equipped with operators.  Valve operator types specified herein describe only the general 
characteristics of the operator. 


b. The operator shall be compatible with the valve with which it will be used; it shall be of the same Manufacturer 
or a product that is recommended by the valve Manufacturer. 


c. The operator shall be sized to operate the valve for the full range of pressures and velocities imposed by 
service. 


2. Manual operator: 
a. Operator force shall not exceed 40 pounds under any operating condition, including initial breakaway.  Use a 


gear reduction operator when force exceeds 40 pounds. 
b. The operator shall be self-locking or equipped with a self-locking device. 
c. Position indicator on quarter-turn valves. 
d. Worm and gear operators shall be one-piece design made of bronze material.  They shall be hardened alloy 


steel with the threads ground and polished.  Traveling nut type operators shall be threaded steel reach rods 
with an internally threaded bronze or DI nut. 


3. Exposed operator:  Painted handwheels. 
4. Buried operator: 


a. Buried service operators on valves larger than 2 1/2-inches shall have a 2-inch AWWA operating nut.  Buried 
operators on valves 2-inches and smaller shall have a cross handle for operation by forked key.  Enclose the 
moving parts of the valve and the operator in housing to prevent contact with soil. 


b. Design buried service operators for quarter-turn valves to withstand 450 foot-pounds of input torque at fully 
open or fully closed positions; they shall be grease-packed and gasketed to withstand submersion in water to 
10 psi. 


c. Buried valves shall have extension stems, bonnets, and valve boxes. 
d. Buried service operators shall be open right or clockwise rotation. 


P. Valve Accessories: 
1. Tagging:  A 1 1/2-inch heavy brass or stainless steel tag for each valve operator bearing the valve tag number 


shown on the Valve Schedule. 
2. Gauge cock valves, 1/8-inch to 3/8-inch: 


a. Bronze body, hexagon male and female ends and tee head. 
b. Rated for 125 psi SWP. 


3. Rubber water hose:  Furnish one, 50-foot, 3/4-inch hose.  Furnish with brass male and female NST hose thread 
couplings to fit the hose nozzle(s) and the pipe corporation stop specified. 


4. Hose nozzles:  Furnish 5, one-inch cast brass, adjustable, fog-straight stream type, with female NST hose thread. 
5. Hose rack:  Fabricated from steel, hot-dip galvanized.  The size of the rack shall be adequate to hold 50 feet of 


3/4-inch hose.  Mount the rack in the vault at a location determined by the OWNER. 
Q. Copper Piping:  As specified in Supplement A. 
R. Stainless Steel Piping:  As specified in Supplement B. 


2.3 FABRICATION 
A. Use end products of one Manufacturer and similar materials to achieve standardization in appearance and for 


maintenance and replacement. 
B. Where diagrams show piping connections, the CONTRACTOR is cautioned that these diagrams should not be used 


for obtaining material quantities. 
C. The valve shall include the operator, actuator, handwheel, chain wheel, extension stem, floor stand, worm and gear 


operator, operating nut, chain, wrench, and accessories for a complete operation. 
D. The valve shall be suitable for its intended service.  Renewable parts shall not be of a lower quality than specified. 
E. The valve shall be the same size as adjoining pipe unless otherwise noted. 
F. Valve ends shall suit adjacent piping. 
G. Size the operator to operate the valve for the full range of pressures and velocities. 
H. Factory-mount the operator, actuator, and accessories. 
I. Bolt holes for flanges for valves having flange insulation kits shall be as specified in SECTION 33 11 01.01 and over-


drilled for insulating sleeves. 
J. When specified items are not available, fabricate pipe supports of the correct material and to the general configuration 


indicated by catalogs. 
K. Special support and hanger details are shown on the Drawings for cases where standard catalog supports are not 


applicable. 
PART 3 EXECUTION 
3.1 GENERAL 


A. Field Obstructions: 
1. Drawings do not show exact details of all piping.  Extra compensation will not be allowed for obstruction caused by 


the Work of other trades or local obstructions to Work under this Section that require offsets. 
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2. The preparation of structural components required for fixtures, equipment, and material to be installed under this 
Section shall be performed by the particular affected trade. 


B. Sleeves: 
1. Pipe sizes shown on the Drawings are nominal. 
2. Furnish piping passing through walls, floors, or ceilings with standard weight pipe sleeves. 
3. Pipe sleeves installed in water-holding structures shall have a 1/4-inch steel seep ring that is 4 inches larger in 


diameter than the outer diameter of the sleeve.  Continuously weld the ring to the sleeve. 
4. Make the joint between the pipe and the sleeve watertight with a mechanical link seal. 
5. Dry pack sleeves in existing walls; provide a finished appearance. 
6. Pack holes left by the removal of existing piping with grout and finish. 


C. Install unions in the piping system at the connection to equipment. 
D. Pipe air release valves, pressure relief valves, strainer waste, water-lubricated bearings, and other appurtenances 


having water effluent to the nearest drain with copper tubing. 
E. Equipment: 


1. Drawings do not show all integral piping and accessories for the equipment to be installed. 
2. Install equipment in accordance with the Manufacturer's piping diagrams and written instructions. 


3.2 INSTALLATION 
A. Copper Tubing: 


1. Cut tubing square and remove burrs. 
2. Clean the inside of fittings and the outside of tubing with steel wool before sweating or brazing. 
3. Prevent annealing of fittings and hard-drawn tubing when making connections.  Wipe off excess solder from the 


joint to leave a neat appearance. 
4. The mitering of joints for elbows and the notching of straight runs of pipe for tees is not permitted. 


B. Piping Transition: 
1. Applications: 


a. Provide complete closure assembly where pipes meet other pipes or structures. 
b. Pressure pipeline closures:  Plain end pieces with double flexible couplings. 
c. Restrained joint pipe closures:  Install with thrust tie rod assemblies. 
d. Gravity pipe closures:  As specified for pressure pipelines or concrete closures. 
e. Concrete closures:  Use to make connections between dissimilar pipe where standard rubber gasketed joints 


or flexible couplings are impractical, as approved. 
f. Elastomer sleeves bonded to pipe ends are not acceptable. 


2. Installation of flexible transition couplings:  Install in accordance with the coupling Manufacturer's instructions to 
connect dissimilar pipe and pipes with a small difference in the outside diameter. 


C. Tapping Sleeves, Service Saddles, and Thrust Ties:   
1. Installation procedures: 


a. Install in accordance with the Manufacturer’s instructions.  
b. Before coupling, clean the pipe holdback area of oil, scale, rust, and dirt. 
c. Remove pipe coating if necessary to present a smooth surface. 
d. Repair or replace pipe coating or wrapping following installation. 


D. Insulating Flanges, Couplings, and Unions: 
1. Applications: 


a. Copper to ferrous metal piping connections. 
b. Cathodically protected piping penetration to buildings and watertight structures. 
c. Where required for electrically insulated connection. 


2. Installation of insulating kits: 
a. As specified in SECTION 33 11 01.01. 
b. Drill oversized flange bolt holes to accommodate insulating sleeves through the bolt holes, assuming 


standard bolt and stud sizes. 
3. Pipe installation: 


a. Insulating joints connecting immersed piping to non-immersed piping shall be installed above the maximum 
water surface elevation. 


b. Submerged carbon steel, DI, or galvanized piping in reinforced concrete basins shall be isolated from 
concrete reinforcement steel. 


E. Valve Installations: 
1. Flange ends: 


a. Flanged valve bolt holes shall straddle the vertical centerline of pipe. 
b. Clean flanged faces, insert gasket and bolts, and tighten nuts progressively and uniformly. 


2. Screwed ends: 
a. Clean threads by wire brushing or swabbing. 
b. Apply joint compound. 


3. Valve orientation: 
a. Install the operating stem vertical when the valve is installed in horizontal runs of pipe having centerline 


elevations 4 feet 6 inches or less above the finished floor. 
b. Install the operating stem horizontal in horizontal runs of pipe having centerline elevations between 4 feet 


6 inches and 6 feet 9 inches above the finished floor. 
c. Orient the butterfly valve shaft so that unbalanced flows or eddies are equally divided to each half of the disc, 


i.e., the shaft is in the plane of rotation of the eddy. 
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d. If the plug valve seat position is not shown on the Drawings, locate it as follows: 
1) Horizontal flow:  The flow shall produce an unseating pressure and the plug shall open into the top half of 


the valve. 
2) Vertical flow:  Install the seat in the highest portion of the valve. 


4. Extension stem for operator:  Where the depth of the valve is such that its centerline is more than 3 feet below 
grade, furnish an operating extension stem with a 2-inch operating nut to bring the operating nut to a point 
6 inches below the surface of the ground or box cover. 


5. Torque tube:  Where the operator for a quarter-turn valve is located on a floor stand, furnish an extension stem 
torque tube of a type properly sized for the maximum torque capacity of the valve. 


3.3 QUALITY CONTROL 
A. Valve Tests and Inspection: 


1. The valve may be tested while testing pipelines or as a separate step. 
2. Test valves to ensure they open and close smoothly with operating pressure on one side and atmospheric 


pressure on the other; test in both directions for 2-way valves and applications. 
3. Inspect air and vacuum valves as the pipe is being filled to verify that venting and seating are fully functional. 
4. Count and record the number of turns to open and close the valve.  Account for any discrepancies with the 


Manufacturer's data. 
5. Set, verify, and record set pressures for relief and regulating valves. 
6. The automatic valve shall be tested in conjunction with control system testing. 


B. Field Tests:  Prior to operational startup, inspect and test piping systems for leaks in accordance with the test plan. 
3.4 CLEANING 


A. Interim Cleaning:  Keep piping systems clean and free of debris during installation.  Use compressed air to blow 
through copper and steel piping.  Swab out lubricating or cutting oil used on steel piping threads. 


B. Final Cleaning:  Clean potable water piping by filling and flushing the system with a trisodium phosphate solution.  
Rinse the system to remove cleaning residue. 


C. Disinfect pipelines intended to carry potable water before placing them in service. 
3.5 SUPPLEMENTS 


A. Supplement A – Copper and Copper Alloy Pipe, Tubing, and Fittings 
B. Supplement B – Stainless Steel Pipe and Fittings – General Service 


END OF SECTION
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SUPPLEMENT A 
COPPER AND COPPER ALLOY PIPE, TUBING, AND FITTINGS 


Item Description 


Tubing 
Seamless, in accordance with ASTM B 88 as follows:   


 No. 1 water (buried)  Type K, soft or hard temper 
 No. 1 water (exposed) Type L, hard drawn 


Fittings Commercially pure wrought copper, socket joint, in accordance with ASTM B 75, 
dimensions in accordance with ASME B16.22 


Flanges Commercially pure wrought copper, socket joint, in accordance with ASTM B 75, faced 
and drilled 150 pound in accordance with ASME B16.24  


Bolting 
Type 304 or 316 stainless steel, Grade B8M hex head bolts or threaded studs in 
accordance with ASTM A 320 and Grade 8M hex head nuts in accordance with 
ASTM A 194  


Gaskets 1/16-inch thick non-asbestos compression type, full face, red rubber gasket, Johns 
Manville 


Solder J.W. Harris, bridges, lead free solder; in accordance with ASTM B 32 


Brazing Joints 2 1/2-inches and greater shall be brazed 
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SUPPLEMENT B 
STAINLESS STEEL PIPE AND FITTINGS – GENERAL SERVICE 


Item Size Description 


Pipe 


2-inch and Smaller Schedule 40S:  Type 304 or 316 seamless, pickled, and 
passivated in accordance with ASTM A 312. 


2 1/2-inch thru 6-inch Schedule 10S:  Rev A as-welded grade, Type 304L or 316L in 
accordance with ASTM A 778. 


8-inch and Larger Schedule 5S:  Rev A as-welded grade, Type 304L or 316L in 
accordance with ASTM A 778. 


Joints 
2-inch and Smaller Butt-welded, threaded, or flanged as required or shown on the 


Drawings 


2 1/2-inch and Larger Butt-welded or flanged as required or shown on the Drawings 


Fittings 


2-inch and Larger Threaded Forged:  1,000 CWP, Rev C Grade F304L or F316L in 
accordance with ASTM A 182. 


 


Butt-Welded:  Grade 304L or 316L in accordance with 
MSS SP-43, as-welded grade, pickled, and passivated; fitting 
wall thickness to match adjoining pipe; long radius elbows in 
accordance with ASTM A 774.  


Branch 
Connections 2-inch and Larger Butt-welding tee or reducing tee in accordance with fittings 


above 


Flanges All 
Forged Stainless Steel:  Rev C Grade F304L or F316L in 
accordance with ASTM A 182, slip-on weld neck in accordance 
with ASME B16.5 Class 150 or Class 300. 


Unions 2-inch and Smaller 


Threaded Forged:  Rev C Grade F304 or F316, 2,000 psi or 
3,000 psi WOG, integral ground seats in accordance with 
ASTM A 182, AAR design in accordance with ASME B16.11, 
bore to match pipe. 


Bolting All 


Forged Flanges:  Type 304 or 316 stainless steel, Grade B8M 
hex head bolts or threaded studs in accordance with 
ASTM A 320 and Grade 8M hex head nuts in accordance with 
ASTM A 194.  


Gaskets All Flanges 


1/8-inch thick neoprene rubber, durometer hardness No. 80, 
1,500 psi minimum tensile strength, 125% minimum elongation; 
flat ring type for raised face flanges and full face type for flat face 
flanges, Garlock Style 7797 


Thread 
Lubricant 2-inch and Smaller Two-part lubricant/sealant by Loc-Tite 
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SECTION 22 11 16.01 
LEAD AND COPPER SERVICE LINE REPLACEMENT 


PART 1 GENERAL 
1.1 SUMMARY 


A. Section includes general information, products, and execution for lead and copper service line replacement. 
1.2 REFERENCES 


A. Denver Water (DW): 
1. Engineering Standards, MS-1 – Ductile Iron Pipe 
2. Engineering Standards, MS-15 – Meter Registers And Register Boxes 
3. Engineering Standards, MS-16 – Magnetic Drive Displacement Type Water Meters 5/8 Through 2-Inch 
4. Engineering Standards, MS-17 – Magnetic Drive Compound Type Water Meters 2 Through 6-Inch 
5. Engineering Standards, MS-18 – Magnetic Drive Turbine Type Water Meters 1 1/2 Through 16-Inch 
6. Engineering Standards, MS-19 – Magnetic Drive Fire Service Type Water Meters 3 Through 10-Inch Turbine Type 
7. Engineering Standards, MS-23 – Brass and Bronze Goods 
8. Engineering Standards, MS-24 – Water Service Line Pipe – 2-Inch And Smaller 


1.3 SUBMITTALS 
A. Product Data:  Manufacturer’s literature. 


1.4 QUALITY ASSURANCE 
A. Qualifications: 


1. A minimum of one year of documented experience in the Work of this Section. 
2. Approved by the Manufacturer. 
3. Master level licensed plumber. 


B. System Description:  The removal of lead service line from the point of connection at the distribution main or conduit 
through the stop box and meter pit location, from the meter pit location, and from the meter pit location to the first 
brass fitting inside of the structure.  The new copper service line replacement shall comply with DW’s Engineering 
Standards and applicable AWWA Standards. 


1.5 DELIVERY, HANDLING, AND STORAGE 
A. Jobsite material shall be handled and stored properly. 


PART 2 PRODUCTS 
2.1 MATERIALS 


A. Materials shall conform to DW’s Engineering Standards and applicable AWWA Standards.  This includes 
appurtenances and shall not be limited to: 
1. Brass and bronze goods. 
2. Copper piping. 
3. Meter pits, domes, and lids. 
4. Stop boxes. 
5. Miscellaneous items. 


B. Service line materials in accordance with DW Engineering Standard MS-24 shall be used for the replacement of lead 
service lines.  The diameter of piping shall be the same as the original service line unless otherwise approved by the 
ENGINEER.  Materials specified in DW Engineering Standard MS-24 shall be used for service lines between 3/4-inch 
and 2-inch.  DI pipe shall be in accordance with DW Engineering Standard MS-1 and shall be used for 3-inch and 
larger service lines. 


C. The tap, corporation stop, meter, and service line shall be of a uniform size to a point 5 feet past the meter.  Deviation 
requests shall be submitted to the ENGINEER for approval.  Brass appurtenances shall be in accordance with DW 
Engineering Standard MS-23. 


D. Meters shall be in accordance with DW Engineering Standards MS-15 through MS-19.  Meter pits, domes, and lids 
shall be in accordance with DW’s Engineering Standards. 


PART 3 EXECUTION 
3.1 GENERAL 


A. Furnish the labor, materials, and appurtenances necessary for the removal and replacement of disturbed lead service 
lines and the replacement of service lines in accordance with DW Engineering Standard MS-24. 


3.2 INSTALLATION  
A. Copper Service Lines: 


1. When a meter is to be moved in the right-of-way, freeze or isolate the existing service line, remove the existing 
stop box, and connect new copper line to the existing line with a flare-to-flare connector or approved compression 
fitting, running new copper line to the relocated stop box and meter pit. 


2. Copper service line replacement or relocation shall be in accordance with DW’s Engineering Standards. 
B. Meter Pits, Lids, and AMR: 


1. The repair or replacement of any portion of the service line requires the stop box and meter pit to be in 
accordance with DW’s Engineering Standards. 


2. Upon passing inspection, the OWNER will install 2-inch and smaller meters with the AMR device.  On 3-inch and 
larger service lines, install the meter; the OWNER will install the AMR device. 


3. To pass the meter inspection, a BFPA shall be installed and certified on commercial and irrigation meters.  
Damage to the BFPA caused by the CONTRACTOR’s Work shall result in repair by the CONTRACTOR at no cost 
to the OWNER.  Damage may be caused by, but shall not be limited to, the following Work: 
a. Installation of a new main line. 
b. Installation or repair of any portion of the service line. 
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c. Recharging the service line and main. 
3.3 REPAIRS/RESTORATION 


A. Lead Service Lines: 
1. The replacement of a lead service line located from the main to the stop box: 


a. For a service line being replaced on an existing main with an existing tap, install a new service line in 
accordance with DW Engineering Standard MS-24.  The new line shall be continuous from the main to the 
stop box and meter.  Replace the existing curb valve and stop box. 


b. If a lead service line is being transferred to a newly installed main, abandon the lead service line and install a 
new service line in accordance with DW Engineering Standard MS-24 from the new main to a new curb valve 
and stop box and to the meter. 


2. The replacement of a lead service line located between the existing outside meter and structure: 
a. Install a new service line from the existing meter pit to the first brass fitting inside the structure.  A licensed 


plumber shall perform connections made within the structure.  Bends are not allowed in the new service line 
within 5 feet of the existing meter. 


b. The repair or replacement of any portion of a lead service line from the main to the structure involving an 
inside meter requires the meter to be relocated to an outside location. 


3. The replacement of lead service line between the main and the structure with an inside meter: 
a. Relocate the meter to an approved outside location. 
b. Install new service line material from the main to the first brass fitting inside the structure.  A licensed plumber 


shall perform connections made within the structure. 
END OF SECTION 
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SECTION 22 45 13 
EMERGENCY SHOWERS 


PART 1 GENERAL 
1.1 SUMMARY 


A. Section includes general information, products, and execution for emergency showers. 
1.2 REFERENCES 


A. American National Standards Institute (ANSI): 
1. Z358.1- Emergency Eyewash and Shower Equipment 


1.3 SUBMITTALS 
A. Product Data:  Catalog information and rough-in dimensions for plumbing fixtures, products, and specialties. 


1.4 QUALITY ASSURANCE 
A. Regulatory Requirements:  In accordance with ADA and local and state requirements. 


PART 2 PRODUCTS 
2.1 APPROVED MANUFACTURERS 


A. Emergency Showers and Eye/Face Washes: 
1. Bradley Corporation 
2. Guardian Equipment 
3. Haws Corporation 
4. Speakman Company 
5. Western Safety Products 


B. Tube Type Water Gauge: 
1. Haws Drinking Faucet Co., Model 9010 


2.2 MATERIALS 
A. Safety equipment shall be in accordance with ANSI Z358.1. 
B. Combination SSH: 


1. Pipe and fittings:  Schedule 80 PVC with factory-applied, corrosion-resistant coating. 
2. Showerhead and eye/face wash bowl:  Yellow, impact-resistant plastic. 
3. Valves:  Stay-open ball valves; shower valve, chrome-plated brass one-inch NPT; eye/face wash valve, chrome-


plated brass 1/2-inch NPT. 
4. Supply:  1 1/4-inch NPT female top or side inlet. 
5. Flow control:  Provide showerhead and eye/face wash with integral self-regulating flow-control to allow both parts 


of the emergency equipment to be used simultaneously. 
6. Alarm:  Provide a remote flow switch alarm on each combination safety shower. 
7. Sign:  Furnish each unit with ANSI-compliant identification sign. 


C. SSH, Barrier-Free Combination: 
1. Pipe and fittings:  Schedule 80 PVC with factory-applied, corrosion-resistant coating. 
2. Showerhead and eye/face wash bowl:  Yellow, impact-resistant plastic. 
3. Valves:  Stay-open ball valves; shower valve, chrome-plated brass one-inch NPT; eye/face wash valve, chrome-


plated brass 1/2-inch NPT. 
4. Supply:  1 1/4-inch NPT female top or side inlet. 
5. Flow control:  Provide showerhead and eye/face wash with integral self-regulating flow-control to allow both parts 


of the emergency equipment to be used simultaneously. 
6. Alarm:  Provide a remote flow switch alarm on each combination safety shower. 
7. The unit shall be in accordance with ADA requirements. 
8. Sign:  Furnish each unit with ANSI-compliant identification sign. 


D. SSH, Combination, Exterior: 
1. Pipe and fittings:  Schedule 40 stainless steel. 
2. Showerhead:  Yellow, impact-resistant plastic. 
3. Valves:  Stay-open ball valves; shower valve, chrome-plated brass one-inch NPT; eye/face wash valve, chrome-


plated brass 1/2-inch NPT; water supply freeze protection valve 1 1/4-inch NPT. 
4. Supply:  1 1/4-inch NPT top supply. 
5. Flow control:  Provide showerhead and eye/face wash with integral self-regulating flow control to allow both parts 


of the emergency equipment to be used simultaneously. 
6. Alarm:  Provide a remote flow switch alarm on each combination safety shower eye/face wash. 
7. Heat trace:  Provide self-regulated heat trace cable rated at 5 watts/foot, regulated to -50°F, 120 V service and 


temperature control thermostat. 
8. Insulation:  Provide 3/4-inch PE pipe insulation. 
9. Shell:  Safety yellow, removable plastic cover for safety shower eye/face wash unit; ABS plastic with flexible vinyl 


trim. 
10. Junction box:  Aluminum junction box with multiple hubs that accepts 3/4-inch IPS conduit. 
11. Sign:  Furnish each unit with ANSI-compliant identification sign. 


PART 3 EXECUTION 
3.1 GENERAL 


A. Drawings do not show exact details of fixtures. 
B. Extra compensation will not be allowed for obstruction caused by the Work of other trades or local obstructions to Work 


as specified in this Section that require offsets. 
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C. The preparation of structural components required for fixtures, equipment, and material to be installed as specified in 
this Section shall be performed by the particular affected trade. 


D. Where diagrams show fixture locations, the CONTRACTOR is cautioned that diagrams shall not be used for obtaining 
material quantities. 


E. Changes in the locations of fixtures, if advisable in the opinion of the CONTRACTOR, shall be submitted to the 
ENGINEER for review before proceeding with the Work. 


3.2 INSTALLATION 
A. Safety Equipment: 


1. System shutoff valves shall: 
a. Give visual indication of position, open or closed. 
b. Be lockable valves and locked in open position. 


2. Each safety shower, eye/face wash, and combination safety shower shall have a red safety signoff tag.  The 
CONTRACTOR and the OWNER shall sign the red safety signoff tag after: 
a. Visually check safety eyewash piping for leaks. 
b. Verifying that upon operation, stay-open valves remain open. 


3.3 QUALITY CONTROL 
A. Perform visual inspection for physical damage, blocked access, cleanliness, and missing items. 
B. Notify the ENGINEER 2 days prior to shower testing.  The ENGINEER reserves the right to witness tempered water 


and safety shower testing. 
C. Test safety shower and eye/face wash units.  Water flow shall be tested at both showerhead and eyewash/face ring. 


1. The minimum flow rate for eyewashes shall be 3 gpm. 
2. The minimum flow rate for safety showers shall be 20 gpm. 
3. Log, date, and initial the inspection upon successful flow tests. 


D. Verify alarm operation both locally and system-wide.  Notify the ENGINEER prior to testing if the alarm is connected 
system-wide. 


END OF SECTION 





		22 00 00 - Plumbing and Miscellaneous Piping Systems

		PART 1 GENERAL

		1.1 summary

		A. Section includes general information, products, and execution for plumbing.

		B. Related Sections:

		1. SECTION 09 90 00 – PAINTING AND COATING

		2. SECTION 33 11 01.01 – STEEL PIPING





		1.2 REFERENCES

		A. American Society of Mechanical Engineers (ASME):

		1. B16.5 – Pipe Flanges and Flanged Fittings

		2. B16.11 – Forged Fittings, Socket-Welding and Threaded

		3. B16.22 – Wrought Copper and Copper Alloy Solder Joint Pressure Fittings

		4. B16.24 – Cast Copper Alloy Pipe Flanges and Flanged Fittings



		B. American Water Works Association (AWWA):

		1. C111 – Rubber-Gasket Joints for Ductile-Iron Pressure Pipe and Fittings

		2. C207 – Steel Pipe Flanges for Waterworks Service – Sizes 4 In. through 144 In

		3. C509 – Resilient-Seated Gate Valves for Water Supply Service

		4. C515 – Reduced-Wall, Resilient-Seated Gate Valves for Water Supply Service

		5. C550 – Protective Interior Coatings for Valves and Hydrants

		6. C800 – Underground Service Line Valves and Fittings



		C. ASTM International (ASTM):

		1. A 153 – Standard Specification for Zinc Coating (Hot-Dip) on Iron and Steel Hardware

		2. A 182 – Standard Specification for Forged or Rolled Alloy and Stainless Steel Pipe Flanges, Forged Fittings, and Valves and Parts for High-Temperature Service

		3. A 194 – Standard Specification for Carbon and Alloy Steel Nuts for Bolts for High Pressure or High Temperature Service, or Both

		4. A 276 – Standard Specification for Stainless Steel Bars and Shapes

		5. A 312 – Standard Specification for Seamless, Welded, and Heavily Cold Worked Austenitic Stainless Steel Pipes

		6. A 320 – Standard Specification for Alloy-Steel and Stainless Steel Bolting for Low-Temperature Service

		7. A 774 – Standard Specification for As-Welded Wrought Austenitic Stainless Steel Fittings for General Corrosive Service at Low and Moderate Temperatures

		8. A 778 – Standard Specification for Welded, Unannealed Austenitic Stainless Steel Tubular Products

		9. B 32 – Standard Specification for Solder Metal

		10. B 75 – Standard Specification for Seamless Copper Tube

		11. B 88 – Standard Specification for Seamless Copper Water Tube

		12. B 584 – Standard Specification for Copper Alloy Sand Castings for General Applications



		D. Denver Water (DW):

		1. Engineering Standards, MS-5 – Resilient Seated Gate Valves

		2. Engineering Standards, MS-23 – Brass and Bronze Goods



		E. Manufacturers Standardization Society (MSS):

		1. SP-43 – Wrought and Fabricated Butt-Welding Fittings for Low Pressure, Corrosion Resistant Applications

		2. SP-58 – Pipe Hangers and Supports – Materials, Design, and Manufacture, Selection, Application, and Installation

		3. SP-69 – Pipe Hangers and Supports – Selection and Application





		1.3 SUBMITTALS

		A. Product Data:

		1. Manufacturer.

		2. Material.

		3. Equipment drawings and data.

		4. Valve actuator power and control wiring diagrams, including terminals and numbers.

		5. Complete motor nameplate data.

		6. Open/close and throttling valve actuators sizing calculations.

		7. Maximum torque capabilities of the valve operator mechanism and the operating torque requirement for each valve under the specified operation condition.

		8. Color and finish.



		B. Shop Drawings:

		1. Drawings showing changes in the location of fixtures or equipment that are advisable in the opinion of the CONTRACTOR.

		2. Changes in the location of equipment or piping that affects connecting or adjacent Work, before proceeding with Work.

		3. Drawings of the piping support system that locate each support, brace, hanger, guide, component, and anchor.  Identify support, hanger, guide, and anchor type by catalog number and Shop Drawing detail number.

		4. Revisions to support systems resulting from changes in the related piping system layout or the addition of flexible joints.



		C. Test records produced during testing.

		D. Leakage Test Plan:  Submit prior to testing and include at least the following:

		1. Testing dates.

		2. Piping systems and sections to be tested.

		3. Test type.

		4. Method of isolation.

		5. A calculation of the maximum allowable leakage for the sections to be tested.

		6. Certifications of calibration:  Testing equipment.

		7. A certified test report following testing.



		E. Supplements listed in this Section.



		1.4 quality assurance

		A. Design Requirements:

		1. Design, size, and locate piping support systems throughout the facility, whether or not shown on the Drawings.

		2. Piping, smaller than 30-inches:  Pipe supports are shown on the Drawings only where specific types and locations are required; provide additional supports as required.

		3. Piping, 30-inches and larger:  Support systems are designed for the piping shown on the Drawings.

		4. In accordance with MSS SP-58 and MSS SP-69.







		PART 2 PRODUCTS

		2.1 approved manufacturers

		A. Insulating Dielectric Unions and Flanges:

		1. Epco Sales, Inc.

		2. Capitol Insulation Unions



		B. Channel Type Support Systems:

		1. Kin-Line, Series CI3512

		2. Unistrut, Series P3200



		C. Pipe Sleeve Modular Mechanical Seal:

		1. Thunderline Link-Seal



		D. Hose Valves and Hydrants – HB-1, Hose Valve:

		1. Jenkins, Figure 106-BJ



		E. Gate Valves:

		1. Type V125 Resilient-Seated Gate Valve:

		a. American Flow Control

		b. American AVK, AWWA C509 only

		c. Clow, AWWA C509 only

		d. East Jordan Iron Works

		e. Kennedy Valve, AWWA C509 only

		f. Mueller Company, AWWA C509 only

		g. U.S. Pipe Valve, AWWA C509 only





		F. Ball Valves:

		1. Type V300 Ball Valve:  Apollo, 82 series

		2. Type V301 Ball Valve:  Dezurik, FPB

		3. Type V464 corporation stop:  Ford Meter Box Co.



		G. Globe Valves:

		1. Type V200 Globe Valve:

		a. Crane Co., 7TF, threaded end

		b. Stockham, B-22T, threaded end

		c. Stockham, B-24, soldered end





		H. Check Valves:

		1. Type V605 Check Valve:

		a. Stockham

		b. Milwaukee





		I. Buried Operator:

		1. Limitorque HBC

		2. EIM WB Series



		J. Gauge Cock Valves:

		1. Ernst Gage Co.

		2. Lunkenheimer



		K. Rubber Water Hose:

		1. B.F. Goodrich, BFG General Service Black Cover Hose

		2. Boston Industrial Hose



		L. Hose Nozzles:

		1. Akron Brass

		2. Potter Roemer, Figure 2971





		2.2 materials

		A. Support and Hanger Materials:

		1. Wetted and submerged:  Stainless steel.

		2. Atmospheric exposed:  Galvanized.



		B. Joints:  Tight fitting, watertight, and without imperfections; furnish only the Manufacturer’s recommended lubricants.

		C. Insulating Dielectric Unions and Flanges:

		1. As specified in SECTION 33 11 01.01.

		2. Furnish between ferrous and non-ferrous piping and where otherwise required for electrically insulated connection, as shown on the Drawings.

		3. Materials:  Galvanically compatible with piping to which it is attached and pressure ratings suitable for system working pressures.

		4. Unions, 2-inches and smaller:  Screwed or solder-joint type.

		5. Unions, 2 1/2-inches and larger:  Flanged type, complete with bolt insulators, dielectric gasket, bolts, and nuts.



		D. Channel Type Support Systems:

		1. Galvanized:  Pre-galvanized in accordance with ASTM B 584, Class G90, or hot-dip galvanized after fabrication.

		2. Stainless steel:  ASTM A 276 Type 304 stainless steel.

		3. Channel size:  12 gauge, 1 5/8-inch wide series.

		4. Members and connections:  Designed for loads with a safety factor of 5.



		E. Anchoring Systems:

		1. Wetted and submerged:  Stainless steel.

		2. Atmospheric exposed:  Galvanized; coat as specified in Section 09 90 00, System No. 29, fusion-bonded coating.

		3. Size:  Sized by the equipment Manufacturer.



		F. PVC Piping, Valves, and Fittings:  Schedule 80 pipe and fittings, true union ball valves with lever operator.

		G. Pipe Sleeves:

		1. Steel pipe sleeve:

		a. Material:  Steel pipe, 3/16-inch minimum thickness.

		b. Seep ring:

		1) Center steel flange, 3/16-inch minimum thickness, for water stoppage on sleeves in exterior or water-bearing walls.

		2) Outside diameter:  3 inches greater than the outside diameter of the pipe sleeve.

		3) Continuously fillet weld on each side all around.



		c. Factory finish:

		1) Galvanizing:

		a) Hot-dip applied, in accordance with ASTM A 153.

		b) Electroplated zinc and cadmium plating are not acceptable.







		2. Modular mechanical seal:

		a. Type:  Interconnected synthetic rubber links shall be shaped and sized to continuously fill the annular space between pipe and the wall sleeve opening.

		b. Fabrication:  Assemble interconnected rubber links with ASTM A 276, Type 316 stainless steel bolts, nuts, and pressure plates.

		c. Size:  According to the Manufacturer's instructions for the size of pipes shown on the Drawings to provide a watertight seal between pipe and the wall sleeve opening and to withstand a hydrostatic head of 40 feet of water.





		H. Hose Valves and Hydrants – HB-1, Hose Valve:

		1. Cast bronze globe valve, with NPT screwed ends, union bonnet, rising stem, PTFE disc, bronze seat, handwheel, and NPT by 3/4-inch NST hose thread adapter outlet connection.

		2. Valve shall be rated 150 psi SWP, 300 psi WOG.



		I. Valves and Operators:

		1. Each unit shall have the name of the Manufacturer and the size of the valve cast on the body or bonnet or shown on a permanently attached plate in raised letters.

		2. Epoxy lining and coating:

		a. In accordance with AWWA C550.

		b. Two-part liquid material or heat-activated (fusion) material, except only heat-activated material if specified as fusion or fusion-bonded epoxy.

		c. Minimum 7 mil DFT except where limited by valve operating tolerances.





		J. Gate Valves:

		1. Type V125 resilient-seated gate valve, 3-inches and larger for water service:

		a. In accordance with DW Engineering Standard MS-5.

		b. Except as modified or supplemented herein, resilient-seated gate valves shall be in accordance with AWWA C509 or AWWA C515.

		c. Mechanical joints in accordance with AWWA C111; Tee head bolts and nuts shall be fabricated from a high-strength, low-alloy steel known as Cor-Ten, Usalloy, or shall be DI Durabolt.

		d. Provide handwheel for exposed valves and 2-inch operating nuts for buried valves.





		K. Globe Valves:  Type V200 globe valve, 3-inches and smaller shall be all-bronze, union bonnet, inside screw, rising stem, PTFE disc, rated 150 psi SWP, 300 psi WOG.

		L. Ball Valves:

		1. Type V300 ball valve, 4-inches and smaller for general water and air service:  Bronze, 3-piece, full port, blow-out proof stem, soldered or threaded ends, RPTFE seats and packing, hand lever operation, rated 150 psi SWP, 600 psi WOG.

		2. Type V301 ball valve, 4-inches and smaller for general water service:  316 stainless steel body, full port, stainless steel ball, stainless steel seat with satellite overlay, PTFE Chevron packing, stainless steel shaft, flanged ANSI Class 150.



		M. Plug Valves:

		1. Type V462 gauge cock:  1/4-inch bronze body, hexagon end pattern, tee head, female ends, rated 125 psi SWP.

		2. Type V464 corporation stop:  In accordance with DW Engineering Standard MS-23 and AWWA C800, tapered threaded inlet, except when connecting to tapped fittings which require IPS tapered threads, outlet compression connection, or IPS threads to suit ...



		N. Check Valves:  Type V605 check valve, 2-inches and smaller shall be all-bronze, screwed ends and cap, swing type replaceable Buna-N disc, rated 150 psi SWP, 200 psi WOG.

		O. Operators:

		1. General:

		a. Valves shall be equipped with operators.  Valve operator types specified herein describe only the general characteristics of the operator.

		b. The operator shall be compatible with the valve with which it will be used; it shall be of the same Manufacturer or a product that is recommended by the valve Manufacturer.

		c. The operator shall be sized to operate the valve for the full range of pressures and velocities imposed by service.



		2. Manual operator:

		a. Operator force shall not exceed 40 pounds under any operating condition, including initial breakaway.  Use a gear reduction operator when force exceeds 40 pounds.

		b. The operator shall be self-locking or equipped with a self-locking device.

		c. Position indicator on quarter-turn valves.

		d. Worm and gear operators shall be one-piece design made of bronze material.  They shall be hardened alloy steel with the threads ground and polished.  Traveling nut type operators shall be threaded steel reach rods with an internally threaded bronze...



		3. Exposed operator:  Painted handwheels.

		4. Buried operator:

		a. Buried service operators on valves larger than 2 1/2-inches shall have a 2-inch AWWA operating nut.  Buried operators on valves 2-inches and smaller shall have a cross handle for operation by forked key.  Enclose the moving parts of the valve and t...

		b. Design buried service operators for quarter-turn valves to withstand 450 foot-pounds of input torque at fully open or fully closed positions; they shall be grease-packed and gasketed to withstand submersion in water to 10 psi.

		c. Buried valves shall have extension stems, bonnets, and valve boxes.

		d. Buried service operators shall be open right or clockwise rotation.





		P. Valve Accessories:

		1. Tagging:  A 1 1/2-inch heavy brass or stainless steel tag for each valve operator bearing the valve tag number shown on the Valve Schedule.

		2. Gauge cock valves, 1/8-inch to 3/8-inch:

		a. Bronze body, hexagon male and female ends and tee head.

		b. Rated for 125 psi SWP.



		3. Rubber water hose:  Furnish one, 50-foot, 3/4-inch hose.  Furnish with brass male and female NST hose thread couplings to fit the hose nozzle(s) and the pipe corporation stop specified.

		4. Hose nozzles:  Furnish 5, one-inch cast brass, adjustable, fog-straight stream type, with female NST hose thread.

		5. Hose rack:  Fabricated from steel, hot-dip galvanized.  The size of the rack shall be adequate to hold 50 feet of 3/4-inch hose.  Mount the rack in the vault at a location determined by the OWNER.



		Q. Copper Piping:  As specified in Supplement A.

		R. Stainless Steel Piping:  As specified in Supplement B.



		2.3 fabrication

		A. Use end products of one Manufacturer and similar materials to achieve standardization in appearance and for maintenance and replacement.

		B. Where diagrams show piping connections, the CONTRACTOR is cautioned that these diagrams should not be used for obtaining material quantities.

		C. The valve shall include the operator, actuator, handwheel, chain wheel, extension stem, floor stand, worm and gear operator, operating nut, chain, wrench, and accessories for a complete operation.

		D. The valve shall be suitable for its intended service.  Renewable parts shall not be of a lower quality than specified.

		E. The valve shall be the same size as adjoining pipe unless otherwise noted.

		F. Valve ends shall suit adjacent piping.

		G. Size the operator to operate the valve for the full range of pressures and velocities.

		H. Factory-mount the operator, actuator, and accessories.

		I. Bolt holes for flanges for valves having flange insulation kits shall be as specified in SECTION 33 11 01.01 and over-drilled for insulating sleeves.

		J. When specified items are not available, fabricate pipe supports of the correct material and to the general configuration indicated by catalogs.

		K. Special support and hanger details are shown on the Drawings for cases where standard catalog supports are not applicable.





		PART 3 EXECUTION

		3.1 GENERAL

		A. Field Obstructions:

		1. Drawings do not show exact details of all piping.  Extra compensation will not be allowed for obstruction caused by the Work of other trades or local obstructions to Work under this Section that require offsets.

		2. The preparation of structural components required for fixtures, equipment, and material to be installed under this Section shall be performed by the particular affected trade.



		B. Sleeves:

		1. Pipe sizes shown on the Drawings are nominal.

		2. Furnish piping passing through walls, floors, or ceilings with standard weight pipe sleeves.

		3. Pipe sleeves installed in water-holding structures shall have a 1/4-inch steel seep ring that is 4 inches larger in diameter than the outer diameter of the sleeve.  Continuously weld the ring to the sleeve.

		4. Make the joint between the pipe and the sleeve watertight with a mechanical link seal.

		5. Dry pack sleeves in existing walls; provide a finished appearance.

		6. Pack holes left by the removal of existing piping with grout and finish.



		C. Install unions in the piping system at the connection to equipment.

		D. Pipe air release valves, pressure relief valves, strainer waste, water-lubricated bearings, and other appurtenances having water effluent to the nearest drain with copper tubing.

		E. Equipment:

		1. Drawings do not show all integral piping and accessories for the equipment to be installed.

		2. Install equipment in accordance with the Manufacturer's piping diagrams and written instructions.





		3.2 Installation

		A. Copper Tubing:

		1. Cut tubing square and remove burrs.

		2. Clean the inside of fittings and the outside of tubing with steel wool before sweating or brazing.

		3. Prevent annealing of fittings and hard-drawn tubing when making connections.  Wipe off excess solder from the joint to leave a neat appearance.

		4. The mitering of joints for elbows and the notching of straight runs of pipe for tees is not permitted.



		B. Piping Transition:

		1. Applications:

		a. Provide complete closure assembly where pipes meet other pipes or structures.

		b. Pressure pipeline closures:  Plain end pieces with double flexible couplings.

		c. Restrained joint pipe closures:  Install with thrust tie rod assemblies.

		d. Gravity pipe closures:  As specified for pressure pipelines or concrete closures.

		e. Concrete closures:  Use to make connections between dissimilar pipe where standard rubber gasketed joints or flexible couplings are impractical, as approved.

		f. Elastomer sleeves bonded to pipe ends are not acceptable.



		2. Installation of flexible transition couplings:  Install in accordance with the coupling Manufacturer's instructions to connect dissimilar pipe and pipes with a small difference in the outside diameter.



		C. Tapping Sleeves, Service Saddles, and Thrust Ties:

		1. Installation procedures:

		a. Install in accordance with the Manufacturer’s instructions.

		b. Before coupling, clean the pipe holdback area of oil, scale, rust, and dirt.

		c. Remove pipe coating if necessary to present a smooth surface.

		d. Repair or replace pipe coating or wrapping following installation.





		D. Insulating Flanges, Couplings, and Unions:

		1. Applications:

		a. Copper to ferrous metal piping connections.

		b. Cathodically protected piping penetration to buildings and watertight structures.

		c. Where required for electrically insulated connection.



		2. Installation of insulating kits:

		a. As specified in SECTION 33 11 01.01.

		b. Drill oversized flange bolt holes to accommodate insulating sleeves through the bolt holes, assuming standard bolt and stud sizes.



		3. Pipe installation:

		a. Insulating joints connecting immersed piping to non-immersed piping shall be installed above the maximum water surface elevation.

		b. Submerged carbon steel, DI, or galvanized piping in reinforced concrete basins shall be isolated from concrete reinforcement steel.





		E. Valve Installations:

		1. Flange ends:

		a. Flanged valve bolt holes shall straddle the vertical centerline of pipe.

		b. Clean flanged faces, insert gasket and bolts, and tighten nuts progressively and uniformly.



		2. Screwed ends:

		a. Clean threads by wire brushing or swabbing.

		b. Apply joint compound.



		3. Valve orientation:

		a. Install the operating stem vertical when the valve is installed in horizontal runs of pipe having centerline elevations 4 feet 6 inches or less above the finished floor.

		b. Install the operating stem horizontal in horizontal runs of pipe having centerline elevations between 4 feet 6 inches and 6 feet 9 inches above the finished floor.

		c. Orient the butterfly valve shaft so that unbalanced flows or eddies are equally divided to each half of the disc, i.e., the shaft is in the plane of rotation of the eddy.

		d. If the plug valve seat position is not shown on the Drawings, locate it as follows:

		1) Horizontal flow:  The flow shall produce an unseating pressure and the plug shall open into the top half of the valve.

		2) Vertical flow:  Install the seat in the highest portion of the valve.





		4. Extension stem for operator:  Where the depth of the valve is such that its centerline is more than 3 feet below grade, furnish an operating extension stem with a 2-inch operating nut to bring the operating nut to a point 6 inches below the surface...

		5. Torque tube:  Where the operator for a quarter-turn valve is located on a floor stand, furnish an extension stem torque tube of a type properly sized for the maximum torque capacity of the valve.





		3.3 quality control

		A. Valve Tests and Inspection:

		1. The valve may be tested while testing pipelines or as a separate step.

		2. Test valves to ensure they open and close smoothly with operating pressure on one side and atmospheric pressure on the other; test in both directions for 2-way valves and applications.

		3. Inspect air and vacuum valves as the pipe is being filled to verify that venting and seating are fully functional.

		4. Count and record the number of turns to open and close the valve.  Account for any discrepancies with the Manufacturer's data.

		5. Set, verify, and record set pressures for relief and regulating valves.

		6. The automatic valve shall be tested in conjunction with control system testing.



		B. Field Tests:  Prior to operational startup, inspect and test piping systems for leaks in accordance with the test plan.



		3.4 cleaning

		A. Interim Cleaning:  Keep piping systems clean and free of debris during installation.  Use compressed air to blow through copper and steel piping.  Swab out lubricating or cutting oil used on steel piping threads.

		B. Final Cleaning:  Clean potable water piping by filling and flushing the system with a trisodium phosphate solution.  Rinse the system to remove cleaning residue.

		C. Disinfect pipelines intended to carry potable water before placing them in service.



		3.5 Supplements

		A. Supplement A – Copper and Copper Alloy Pipe, Tubing, and Fittings

		B. Supplement B – Stainless Steel Pipe and Fittings – General Service







		22 11 16.01 - Lead and Copper Service Line Replacement

		PART 1 GENERAL

		1.1 summary

		A. Section includes general information, products, and execution for lead and copper service line replacement.



		1.2 references

		A. Denver Water (DW):

		1. Engineering Standards, MS-1 – Ductile Iron Pipe

		2. Engineering Standards, MS-15 – Meter Registers And Register Boxes

		3. Engineering Standards, MS-16 – Magnetic Drive Displacement Type Water Meters 5/8 Through 2-Inch

		4. Engineering Standards, MS-17 – Magnetic Drive Compound Type Water Meters 2 Through 6-Inch

		5. Engineering Standards, MS-18 – Magnetic Drive Turbine Type Water Meters 1 1/2 Through 16-Inch

		6. Engineering Standards, MS-19 – Magnetic Drive Fire Service Type Water Meters 3 Through 10-Inch Turbine Type

		7. Engineering Standards, MS-23 – Brass and Bronze Goods

		8. Engineering Standards, MS-24 – Water Service Line Pipe – 2-Inch And Smaller





		1.3 Submittals

		A. Product Data:  Manufacturer’s literature.



		1.4 quality assurance

		A. Qualifications:

		1. A minimum of one year of documented experience in the Work of this Section.

		2. Approved by the Manufacturer.

		3. Master level licensed plumber.



		B. System Description:  The removal of lead service line from the point of connection at the distribution main or conduit through the stop box and meter pit location, from the meter pit location, and from the meter pit location to the first brass fitt...



		1.5 delivery, handling, and storage

		A. Jobsite material shall be handled and stored properly.





		PART 2 PRODUCTS

		2.1 materials

		A. Materials shall conform to DW’s Engineering Standards and applicable AWWA Standards.  This includes appurtenances and shall not be limited to:

		1. Brass and bronze goods.

		2. Copper piping.

		3. Meter pits, domes, and lids.

		4. Stop boxes.

		5. Miscellaneous items.



		B. Service line materials in accordance with DW Engineering Standard MS-24 shall be used for the replacement of lead service lines.  The diameter of piping shall be the same as the original service line unless otherwise approved by the ENGINEER.  Mate...

		C. The tap, corporation stop, meter, and service line shall be of a uniform size to a point 5 feet past the meter.  Deviation requests shall be submitted to the ENGINEER for approval.  Brass appurtenances shall be in accordance with DW Engineering Sta...

		D. Meters shall be in accordance with DW Engineering Standards MS-15 through MS-19.  Meter pits, domes, and lids shall be in accordance with DW’s Engineering Standards.





		PART 3 EXECUTION

		3.1 General

		A. Furnish the labor, materials, and appurtenances necessary for the removal and replacement of disturbed lead service lines and the replacement of service lines in accordance with DW Engineering Standard MS-24.



		3.2 Installation

		A. Copper Service Lines:

		1. When a meter is to be moved in the right-of-way, freeze or isolate the existing service line, remove the existing stop box, and connect new copper line to the existing line with a flare-to-flare connector or approved compression fitting, running ne...

		2. Copper service line replacement or relocation shall be in accordance with DW’s Engineering Standards.



		B. Meter Pits, Lids, and AMR:

		1. The repair or replacement of any portion of the service line requires the stop box and meter pit to be in accordance with DW’s Engineering Standards.

		2. Upon passing inspection, the OWNER will install 2-inch and smaller meters with the AMR device.  On 3-inch and larger service lines, install the meter; the OWNER will install the AMR device.

		3. To pass the meter inspection, a BFPA shall be installed and certified on commercial and irrigation meters.  Damage to the BFPA caused by the CONTRACTOR’s Work shall result in repair by the CONTRACTOR at no cost to the OWNER.  Damage may be caused b...

		a. Installation of a new main line.

		b. Installation or repair of any portion of the service line.

		c. Recharging the service line and main.







		3.3 repairs/restoration

		A. Lead Service Lines:

		1. The replacement of a lead service line located from the main to the stop box:

		a. For a service line being replaced on an existing main with an existing tap, install a new service line in accordance with DW Engineering Standard MS-24.  The new line shall be continuous from the main to the stop box and meter.  Replace the existin...

		b. If a lead service line is being transferred to a newly installed main, abandon the lead service line and install a new service line in accordance with DW Engineering Standard MS-24 from the new main to a new curb valve and stop box and to the meter.



		2. The replacement of a lead service line located between the existing outside meter and structure:

		a. Install a new service line from the existing meter pit to the first brass fitting inside the structure.  A licensed plumber shall perform connections made within the structure.  Bends are not allowed in the new service line within 5 feet of the exi...

		b. The repair or replacement of any portion of a lead service line from the main to the structure involving an inside meter requires the meter to be relocated to an outside location.



		3. The replacement of lead service line between the main and the structure with an inside meter:

		a. Relocate the meter to an approved outside location.

		b. Install new service line material from the main to the first brass fitting inside the structure.  A licensed plumber shall perform connections made within the structure.











		22 45 13 - Emergency Showers

		PART 1 GENERAL

		1.1 Summary

		A. Section includes general information, products, and execution for emergency showers.



		1.2 REFERENCES

		A. American National Standards Institute (ANSI):

		1. Z358.1- Emergency Eyewash and Shower Equipment





		1.3 SUBMITTALS

		A. Product Data:  Catalog information and rough-in dimensions for plumbing fixtures, products, and specialties.



		1.4 quality assurance

		A. Regulatory Requirements:  In accordance with ADA and local and state requirements.





		PART 2 PRODUCTS

		2.1 approved MANUFACTURERS

		A. Emergency Showers and Eye/Face Washes:

		1. Bradley Corporation

		2. Guardian Equipment

		3. Haws Corporation

		4. Speakman Company

		5. Western Safety Products



		B. Tube Type Water Gauge:

		1. Haws Drinking Faucet Co., Model 9010





		2.2 MATERIALS

		A. Safety equipment shall be in accordance with ANSI Z358.1.

		B. Combination SSH:

		1. Pipe and fittings:  Schedule 80 PVC with factory-applied, corrosion-resistant coating.

		2. Showerhead and eye/face wash bowl:  Yellow, impact-resistant plastic.

		3. Valves:  Stay-open ball valves; shower valve, chrome-plated brass one-inch NPT; eye/face wash valve, chrome-plated brass 1/2-inch NPT.

		4. Supply:  1 1/4-inch NPT female top or side inlet.

		5. Flow control:  Provide showerhead and eye/face wash with integral self-regulating flow-control to allow both parts of the emergency equipment to be used simultaneously.

		6. Alarm:  Provide a remote flow switch alarm on each combination safety shower.

		7. Sign:  Furnish each unit with ANSI-compliant identification sign.



		C. SSH, Barrier-Free Combination:

		1. Pipe and fittings:  Schedule 80 PVC with factory-applied, corrosion-resistant coating.

		2. Showerhead and eye/face wash bowl:  Yellow, impact-resistant plastic.

		3. Valves:  Stay-open ball valves; shower valve, chrome-plated brass one-inch NPT; eye/face wash valve, chrome-plated brass 1/2-inch NPT.

		4. Supply:  1 1/4-inch NPT female top or side inlet.

		5. Flow control:  Provide showerhead and eye/face wash with integral self-regulating flow-control to allow both parts of the emergency equipment to be used simultaneously.

		6. Alarm:  Provide a remote flow switch alarm on each combination safety shower.

		7. The unit shall be in accordance with ADA requirements.

		8. Sign:  Furnish each unit with ANSI-compliant identification sign.



		D. SSH, Combination, Exterior:

		1. Pipe and fittings:  Schedule 40 stainless steel.

		2. Showerhead:  Yellow, impact-resistant plastic.

		3. Valves:  Stay-open ball valves; shower valve, chrome-plated brass one-inch NPT; eye/face wash valve, chrome-plated brass 1/2-inch NPT; water supply freeze protection valve 1 1/4-inch NPT.

		4. Supply:  1 1/4-inch NPT top supply.

		5. Flow control:  Provide showerhead and eye/face wash with integral self-regulating flow control to allow both parts of the emergency equipment to be used simultaneously.

		6. Alarm:  Provide a remote flow switch alarm on each combination safety shower eye/face wash.

		7. Heat trace:  Provide self-regulated heat trace cable rated at 5 watts/foot, regulated to -50 F, 120 V service and temperature control thermostat.

		8. Insulation:  Provide 3/4-inch PE pipe insulation.

		9. Shell:  Safety yellow, removable plastic cover for safety shower eye/face wash unit; ABS plastic with flexible vinyl trim.

		10. Junction box:  Aluminum junction box with multiple hubs that accepts 3/4-inch IPS conduit.

		11. Sign:  Furnish each unit with ANSI-compliant identification sign.







		PART 3 EXECUTION

		3.1 general

		A. Drawings do not show exact details of fixtures.

		B. Extra compensation will not be allowed for obstruction caused by the Work of other trades or local obstructions to Work as specified in this Section that require offsets.

		C. The preparation of structural components required for fixtures, equipment, and material to be installed as specified in this Section shall be performed by the particular affected trade.

		D. Where diagrams show fixture locations, the CONTRACTOR is cautioned that diagrams shall not be used for obtaining material quantities.

		E. Changes in the locations of fixtures, if advisable in the opinion of the CONTRACTOR, shall be submitted to the ENGINEER for review before proceeding with the Work.



		3.2 INSTALLATION

		A. Safety Equipment:

		1. System shutoff valves shall:

		a. Give visual indication of position, open or closed.

		b. Be lockable valves and locked in open position.



		2. Each safety shower, eye/face wash, and combination safety shower shall have a red safety signoff tag.  The CONTRACTOR and the OWNER shall sign the red safety signoff tag after:

		a. Visually check safety eyewash piping for leaks.

		b. Verifying that upon operation, stay-open valves remain open.







		3.3 QUALITY CONTROL

		A. Perform visual inspection for physical damage, blocked access, cleanliness, and missing items.

		B. Notify the ENGINEER 2 days prior to shower testing.  The ENGINEER reserves the right to witness tempered water and safety shower testing.

		C. Test safety shower and eye/face wash units.  Water flow shall be tested at both showerhead and eyewash/face ring.

		1. The minimum flow rate for eyewashes shall be 3 gpm.

		2. The minimum flow rate for safety showers shall be 20 gpm.

		3. Log, date, and initial the inspection upon successful flow tests.



		D. Verify alarm operation both locally and system-wide.  Notify the ENGINEER prior to testing if the alarm is connected system-wide.
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SECTION 23 05 00 
COMMON WORK RESULTS FOR MECHANICAL  


PART 1 GENERAL 
1.1 SUMMARY 


A. Section includes general information and execution for common work results for mechanical. 
B. Related Sections: 


1. SECTION 01 40 00 – QUALITY REQUIREMENTS 
2. SECTION 01 77 00 – CONTRACT CLOSEOUT 


1.2 REFERENCES 
A. American National Standards Institute (ANSI): 


1. B 9.1 – Safety Code for Mechanical Refrigeration 
2. B 31.1.0 – Code for Pressure Piping, Power Piping 


B. American Society of Mechanical Engineers (ASME): 
1. Boiler and Pressure Vessel Code, Section IX – Welding and Brazing Qualifications 


C. American Welding Society (AWS): 
1. Welding Handbook 


D. National Fire Protection Association (NFPA): 
1. 90A – Standard for the Installation of Air-Conditioning and Ventilating Systems 


1.3 SUBMITTALS 
A. Quality Control Submittals: 


1. Provide welder’s certificates, 3 copies of the welder qualifications, and welding procedures. 
2. Provide information on the millwright’s qualifications, certifications, and applicable experience. 


B. Contract Closeout Submittals:  Provide Record Documents as specified in SECTION 01 77 00. 
C. Warranty Documentation: 


1. Sample warranty. 
2. Warranty. 


1.4 QUALITY ASSURANCE 
A. Welding Qualifications and Requirements: 


1. A minimum of 5 years of documented experience in the Work of this Section. 
2. Approved by the Manufacturer. 
3. Qualified in accordance with ASME Boiler and Pressure Vessel Code, Section IX, Welding and Brazing 


Qualifications. 
4. Welding procedures and testing:  In accordance with ANSI B31.1.0 and the AWS Welding Handbook. 
5. Soldering and brazing procedures:  In accordance with ANSI B9.1. 
6. Pipe identification:  Mark on the pipe, including size, ASTM material, class, ASTM specification, and pressure 


rating. 
B. Regulatory Requirements:  In accordance with NFPA 90A. 
C. Provide quality control as specified in SECTION 01 40 00. 
D. Comply with qualification requirements. 


1.5 DELIVERY, STORAGE, AND HANDLING 
A. Provide proper storage of materials and equipment and assume complete responsibility for losses.  Follow the 


Manufacturer’s instructions for storage. 
B. Store equipment and materials out of the elements. 
C. An item rusted from exposure to the elements shall not be used in the Work. 


1.6 SITE CONDITIONS 
A. Examine site and staging areas.  Become familiar with existing local conditions affecting Work, such as access, 


obstructions, altitude, weather conditions, necessary cutting, and excavating or filling.  Allowances will not be made for 
reasons of misunderstanding with respect to existing site conditions. 


B. Scaffolding, Rigging, and Hoisting:  Furnish scaffolding, rigging, hoisting, and services necessary for the erection and 
delivery of equipment and apparatus into the premises, and remove items when they are no longer required. 


C. Quiet Operation: 
1. Equipment shall operate under all conditions of loading without objectionable sound or vibration as determined by 


the ENGINEER. 
2. In the case of moving machinery, sound or vibration that is noticeable inside of an occupied space or excessive 


noise or vibration inside the equipment room will be considered objectionable and require correction at no 
additional cost to the OWNER. 


D. Accessibility: 
1. Sufficiently size shafts and chases for adequate clearance and proper installation of Work. 
2. Cooperate with the CONTRACTOR and the Subcontractors whose Work is in the same space, and advise the 


CONTRACTOR of requirements.  Such spaces and clearances shall be to the size required. 
3. Locate equipment that needs to be serviced, operated, or maintained in fully accessible positions.  If required for 


accessibility, furnish access doors, etc. for this purpose.  Minor accessibility and any changes for accessibility shall 
be approved by the ENGINEER prior to making the change. 


4. Provide the CONTRACTOR with exact locations of access panels for each concealed valve, control damper, or 
other device requiring service.  Locations of access panels shall be submitted in sufficient time to be installed in 
the normal course of Work. 
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E. Altitude Correction: 
1. The air moving equipment operating altitude shall be as shown on the Drawings. 
2. The Manufacturer and Supplier shall make necessary adjustments to deliver the specified cfm. 
3. The Manufacturer and Supplier shall furnish the sheaves or motors required to produce the specified capacities at 


the operating altitude at no additional cost to the OWNER. 
1.7 WARRANTY 


A. Warranty for one year from the Substantial Completion date for the satisfactory performance and installation of the 
mechanical system and associated appurtenances. 


B. Provide a warranty to repair or replace, at no cost to the OWNER, any part of the apparatus that may show defects 
during the one year warranty period, provided such defects are due to imperfect material or workmanship and not due 
to carelessness or improper use in the opinion of the OWNER. 


C. Provide longer periods of warranty where it is customary for the piece of equipment or the system installed.  If the 
Manufacturer’s warranty is longer than one year, it shall be used.  Provide copies of the warranty to the OWNER. 


PART 2 PRODUCTS (NOT USED) 
PART 3 EXECUTION 
3.1 INSTALLATION 


A. Workmanship: 
1. Workmanship shall be first-rate.  The finished appearance of mechanical Work is as important as the mechanical 


efficiency. 
2. Perform Work in accordance with good commercial practices. 
3. Install materials in accordance with the Manufacturer’s instructions and applicable governing codes. 


B. Rough-in: 
1. Field verify final locations for rough-ins with the requirements of actual equipment to be connected. 
2. Include rough-in requirements in equipment criteria in the technical sections of manuals. 


C. Clearance from Electrical Equipment: 
1. Provide clearance above equipment and do not locate mechanical equipment or piping within 3 feet of: 


a. Transformers. 
b. Equipment control panels and disconnects. 
c. Switchgear. 
d. Switchboards. 
e. Generator control panels. 
f. Battery system equipment. 
g. Motor control centers. 
h. Standby power plant. 
i. Motors, except for branch piping to driven equipment. 


2. Provide working clearances in accordance with the NEC for electrical panels, controllers, motor control centers, 
disconnects, and similar equipment that can be opened to expose energized parts. 


3. Configure, route, and locate piping, ductwork, equipment, and auxiliary items installed to maintain the required 
clearances. 


D. Supervision:  The mechanical foreman or superintendent shall be responsible for the Work of his/her Subcontractors 
and have questions or directions routed through him/her. 


E. Preparation: 
1. The ends of pipes and tubes shall be reamed to remove burrs; the plain ends of steel pipe shall be beveled. 
2. Scale, slag, dirt, and debris shall be removed from the inside and the outside of piping and fittings before 


assembly. 
F. Sequence, coordinate, and integrate the various elements of mechanical systems, materials, and equipment.  Comply 


with the following requirements: 
1. Coordinate mechanical systems and material installation with other building components and systems. 
2. Coordinate interface between mechanical and electrical Work before submitting equipment for review or beginning 


installation. 
3. Field verify dimensions. 
4. Coordinate installation during the construction of required support devices and sleeves that are to be cut into 


concrete and other structural components. 
5. Maintain an efficient flow of Work during installations of mechanical materials and equipment. 
6. Where mounting heights are not specifically detailed or dimensioned, install systems, materials, and equipment to 


provide the maximum headroom possible. 
7. Coordinate the connection of mechanical systems with underground utilities and services. 
8. Systems, materials, and equipment installation shall be in accordance with the approved submittal data to the 


greatest extent possible.  Conform to arrangements shown on the Drawings recognizing that portions of Work are 
shown only in diagrammatic form.  Where coordination requirements conflict with individual system requirements, 
request clarification from the ENGINEER. 


9. Where exposed in finished spaces, install systems, materials, and equipment level and plumb, and parallel and 
perpendicular to other building systems and components. 
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G. Pipe Installation: 
1. The Drawings show the general location and arrangement of the piping systems.  The location and arrangement of 


piping layout shall take into consideration pipe sizing and friction loss, expansion, pump sizing, and other design 
considerations. 


2. Installed piping shall be free of sags or bends.  There shall be ample space between piping to permit proper 
insulation applications. 


3. Piping shall be installed in shoes, and guides mounted tight to support steel, beams, joists, columns, walls, and 
other permanent elements of the structure. 


H. Fittings and Specialties: 
1. Fittings are required for changes in direction and branch connections. 
2. New materials shall be furnished for remaking leaking joints. 
3. Unions are required adjacent to each control valve, at the final connection to each piece of equipment and 


plumbing fixture having 2-inch and smaller connections, and elsewhere as dictated by good practice. 
4. Flanges are required in 2 1/2-inch and larger pipe, where required, adjacent to each valve, and at the final 


connection to each piece of equipment. 
I. Cutting and Patching: 


1. During cutting and patching operations, the protection of adjacent installations shall be required. 
2. Cutting, fitting, and patching of mechanical equipment and materials shall be required to: 


a. Uncover Work to provide for the installation of Work. 
b. Remove and replace defective Work. 
c. Remove and replace Work that fails to conform to the requirements of the Contract Documents. 
d. Uncover and restore Work to provide for observation of concealed Work upon written instructions from the 


ENGINEER. 
3.2 SYSTEM STARTUP  


A. Commissioning:  Complete Work and ensure systems are in proper working order and placed in operation. 
3.3 CLEANING 


A. Clean equipment and remove debris and construction materials from the premises. 
END OF SECTION 







 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


THIS PAGE IS INTENTIONALLY LEFT BLANK. 
 
 
 
 
 
 
 
 
 







EFFECTIVE JANUARY 2014 1 SECTION 23 05 93 
  HVAC SYSTEMS TESTING, 
  ADJUSTING, AND BALANCING 


SECTION 23 05 93 
HVAC SYSTEMS TESTING, ADJUSTING, AND BALANCING 


PART 1 GENERAL 
1.1 SUMMARY 


A. Section includes general information and execution for HVAC systems testing, adjusting, and balancing. 
1.2 REFERENCES 


A. Air Movement and Control Association International (AMCA): 
1. 203 – Field Performance Measurement of Fan Systems 


B. Sheet Metal and Air Conditioning Contractors National Association (SMACNA): 
1. HVAC Testing, Adjusting, and Balancing Manual 


1.3 SUBMITTALS 
A. Quality Control Submittals: 


1. Provide the qualifications and experience record of the air balancing and test agency. 
2. Provide verification of the calibration of testing and balancing equipment. 
3. Provide a balancing log report following completion of system adjustments including test results, adjustments, and 


rebalancing procedures. 
4. Recommend to the ENGINEER dampers that should be added or replaced to obtain proper air control. 


1.4 QUALITY ASSURANCE 
A. Provide a qualified Professional Engineer registered in the State of Colorado or firm specializing in testing and 


balancing to adjust and balance the system. 
B. Air Balancing and Test Agency Qualifications: 


1. A corporately and financially independent organization functioning as an unbiased testing authority. 
2. Professionally independent of Manufacturers, Suppliers, and installers of the HVAC equipment being tested. 
3. Certified by a national balancing association. 
4. Have a proven record of at least 5 similar projects. 
5. An employer of engineers and technicians regularly engaged in testing and inspecting HVAC equipment and 


systems. 
6. Approved test agencies: 


a. TAB Services, Inc. 
b. Air-Right, Inc. 


PART 2 PRODUCTS (NOT USED) 
PART 3 EXECUTION 
3.1 GENERAL 


A. Calibrate test instruments to a recognized standard before beginning the Work. 
B. Adjust and balance the systems in accordance with SMACNA’s HVAC Testing, Adjusting, and Balancing Manual. 


3.2 QUALITY CONTROL 
A. Adjusting and Balancing Air Side: 


1. Measure fan system performance in accordance with AMCA 203. 
2. In each system, test the system for both opened access hatches/manholes and closed access hatches/manholes. 
3. Adjust fan air volumes, if not constant speed and direct drive: 


a. Adjust fan speeds and motor drives for required equipment air volumes. Allowable variation: +10%, -0%. 
b. After final adjustments, do not operate the motor above the nameplate amperage on any phase. 
c. Provide and make drive and belt changes on motors or fans as required to adjust equipment to specified 


conditions.  Provide notice to the air handling unit Manufacturer and the ENGINEER if a drive or a belt 
changes was made. 


4. Read and record static pressures at unit inlet and discharge, filters, coils, dampers, on supply duct, return duct, 
and exhaust fan.  Record the operating point on each fan curve. 


5. Airflow adjustments: 
a. Correct fan and airflow adjustments for the Work site elevation. 
b. Final adjustments: 


1) Mark final positions of balancing dampers with a red felt pen. 
2) When adjustments are made to a portion of the fan system, reread other portions of that same system to 


determine the effects imposed by the adjustments. 
B. EHHs:  Measure forced air performance and heater output; compare to the Manufacturer’s stated performance outputs. 
C. Balancing Log Report Requirements: 


1. Log and record information from every test, reading, and adjustment necessary to accomplish the services 
described.  In addition, record: 
a. Equipment identification number. 
b. Equipment nameplate data including Manufacturer, model, size, type, and serial number. 
c. Motor data (frame, hp, volts, FLA and rpm). 
d. Starter and heater data. 


2. Include a half-size set of drawings in the balance log showing the final flow readings for each system. 
3. Indicate the recorded Work site values and the velocity and mass correction factors used to provide equivalent 


standard air quantities. 
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4. Include a separate section in the log, if necessary, that describes operating difficulties in the systems that could not 
be eliminated by the specified procedures.  Identify problems by system and location.  Include an outline of a 
summary of the condition and its effect on the system, and describe corrective actions attempted. 


5. After readjustment for vibration, measure and record the displacement only of the readjusted equipment to 
determine its conformance with the design. 


D. Quality Control Verification:  After adjustments are completed and balance logs submitted, the balancing and testing 
agency shall be available to demonstrate the water balancing procedures and vibration tests and verify the test results. 
1. Perform spot tests on a maximum of 20% of the total water balance points, with measuring equipment used in the 


original tests, at random points selected by the ENGINEER. 
2. Results of spot tests shall agree with the balance logs within ±10%.  Where this accuracy cannot be verified, 


rebalance portions of the system as requested by the ENGINEER. 
3. At completion of the rebalance procedures, perform another spot test to verify results. 


END OF SECTION 
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SECTION 23 09 00 
HVAC CONTROLS 


PART 1 GENERAL 
1.1 SUMMARY 


A. Section includes general information, products, and execution for HVAC controls. 
1.2 REFERENCES 


A. National Electrical Manufacturers Association (NEMA): 
1. 250 – Enclosures for Electrical Equipment (1000 Volts Maximum) 


1.3 SUBMITTALS 
A. Product Data:  Specifications, descriptive drawings, catalog data, and descriptive literature.  Include the make, model, 


dimensions, weight, and electrical schematics for control system components. 
B. Shop Drawings: 


1. Complete system power, interlock, control, and data transmission wiring diagrams that are 11-inch by 17-inch at a 
minimum. 


2. Complete drawings and schematics of the proposed control system, including panel power requirements. 
C. Quality Control Submittals: 


1. Certificates:  The Manufacturer's certificate of conformance and certificate of proper installation. 
2. Recommended procedures for the protection and handling of equipment and materials prior to installation. 
3. Experience and qualifications of the Controls Supplier. 
4. Detailed information on structural, mechanical, electrical, or other changes or modifications that are necessary to 


adapt the arrangement or details shown on the Drawings to the equipment and materials furnished. 
D. Contract Closeout Submittals: 


1. Record Documents:  Complete As-Built wiring diagrams. 
2. O&M manuals. 
3. Recommended spare parts list: 


a. Quantities and replacement frequency. 
b. Current list prices that are valid for 90 days after the Substantial Completion date. 
c. Availability and nearest distributor. 


4. Record of system adjustments. 
E. Material Submittals:  Furnish the box and tag and clearly mark on the exterior the Manufacturer’s name, description, 


and part number for shipment and long-term storage, and deliver the following items prior to the Substantial 
Completion date: 
1. Spare light bulbs:  Furnish one for each 4 pilot lights, a minimum of one per panel. 


F. Warranty Documentation: 
1. Sample warranty. 
2. Warranty. 


1.4 QUALITY ASSURANCE 
A. System Description: 


1. Furnish a complete, functional HVAC control system with supplementary electric or electronic devices, as required, 
to perform the sequence of operations as defined in the Contract Documents. 


2. Design Requirements: 
a. Furnish the controls necessary for the entire system to have fail-safe operation. 
b. Interface controls properly with factory-supplied components of mechanical systems. 
c. Coordinate special control interfacing requirements. 
d. For equipment requiring special interfacing with the control system, furnish equipment with the integral 


controls necessary to operate properly with the control system or furnish accessory devices required for the 
operation of the total mechanical system. 


e. Control components: 
1) Field or computer adjustable to the actual set point or ranges as required; also furnish adjustability to 


other settings that will provide proper operation of the entire control system. 
2) Of proper sensitivities to preclude cycling and to maintain control points that are adequately close to set 


points for acceptable offset. 
3. Performance Requirements:  In accordance with the Contract Documents. 
4. Control Types: 


a. Environmental control system:  Furnish control of equipment and devices in accordance with the Contract 
Documents. 


b. Packaged control system:  Furnish the complete packaged control system, with interface for inputs and 
outputs. 


c. Motorized damper control:  Furnish a motor operator for each adjustable motorized damper that is arranged to 
open damper blades when energized. 


5. General Sequence of Operation:  In accordance with ECP Drawings and associated logic. 
B. Controls Supplier Qualifications:  Capable of providing factory trained technicians, competent to provide instruction, 


routine maintenance, and emergency service on-site within 2 days after receipt of request. 
C. Manufacturer Qualifications: 


1. A minimum of 10 years of documented experience in the Work of this Section. 
2. Certificate of ISO 9001 Compliance. 







EFFECTIVE JANUARY 2014 2 SECTION 23 09 00 
  HVAC CONTROLS 


D. UL Compliance:  Materials manufactured within the scope of UL shall conform to UL Standards and have applied 
UL listing mark. 


1.5 SITE CONDITIONS 
A. Environmental Requirements:  Materials and equipment shall be designed and constructed for continuous operation, at 


rated current and voltage, at 104°F ambient and 95% relative humidity. 
1.6 WARRANTY 


A. Warranty for one year from the Substantial Completion date for the satisfactory performance and installation of the 
HVAC controls system and associated appurtenances. 


PART 2 PRODUCTS 
2.1 APPROVED MANUFACTURERS 


A. HVAC Equipment and Devices: 
1. Differential pressure switches with range suitable for filter bank pressure drop: 


a. Dwyer, 1910 Series 
2. Damper actuators with spring return: 


a. Honeywell 
b. Johnson Controls 


B. ECP: 
1. Hoffman 


2.2 MATERIALS 
A. Electrical, Instrumentation, and Control:  The Contract Documents expand on the electrical, instrumentation, and 


control requirements of the HVAC system and this Section: 
1. Furnish the functions and components necessary for the complete operational system of controls that provide 


specified performance and functionality in accordance with the Contract Documents and as recommended by the 
Manufacturer. 


2. Furnish items of incidental nature that are necessary for proper system operation and performance. 
3. Furnish the ECP and devices as shown on the Drawings.  The ECP shall be furnished and installed by the 


Instrumentation and Controls Subcontractor. 
4. The HVAC Subcontractor shall furnish a recommended sequence of operation in automatic and manual modes 


and coordinate with the Instrumentation and Controls Subcontractor to furnish an ECP and the control 
requirements required for a complete operational system, as intended by the Contract Documents and approved 
by the ENGINEER. 


5. The Manufacturer shall review the sequence of operation and equipment and certify proper operation and 
compliance with the HVAC Subcontractor’s recommendations. 


6. Alarms and control instruments: 
a. Suitable to perform the indicated function directly or through auxiliary devices. 
b. Furnish the following devices at a minimum and mount on HVAC system equipment as listed below: 


1) PS. 
2) TS. 
3) LS. 
4) dPF – dirty filter. 


B. HVAC Equipment and Devices: 
1. Temperature sensors:  In accordance with the Contract Documents. 
2. Humidity sensors:  In accordance with the Contract Documents. 
3. Differential pressure switches:  Furnish tubing and tips for air filter application. 
4. Damper actuators:  Sized for damper requirements. 


C. ECP: 
1. General:  The ECP shall be furnished and installed by the Instrumentation and Control Systems Subcontractor and 


shall meet the requirements of this Section and the Drawings. 
2. Construction: 


a. In accordance with NEMA 250. 
b. Hinged front door with locking handle. 
c. Flush mount manual switches, pilot lights, and direct-reading gauges on the front panel face. 
d. Identify front panel mounted devices and ECP by engraved laminated plastic nameplates with white letters on 


a black background. 
e. Furnish a system schematic for mechanical equipment using laminated labels and symbols. 


3. Control devices: 
a. Mount inside ECP. 
b. Prewired internally. 
c. Terminate wires leaving ECP at separately numbered terminal strips (one terminal pair per circuit). 
d. Furnish individual connectors for every item of mechanical equipment, integral and remote pilot lights, and 


other devices described for each panel. 
e. Identify wires by color coding or numerical tags at both ends. 
f. Wire control devices without splices to terminal strip. 
g. Furnish integral circuit protection for panel mounted control devices. 


4. Terminal blocks: 
a. One-piece molded plastic blocks with screw type terminals and barriers rated for 300 V. 
b. Double sided and supplied with removable covers to prevent accidental contact with live circuits. 
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c. Furnish permanent, legible identification, clearly visible with the protective cover removed. 
d. Terminate wires at terminal blocks with crimp type, pre-insulated, ring-tongue lugs. 
e. Size lugs for terminal block screws and for the number and size of wires terminated. 


5. Schematic diagrams: 
a. Furnish a multi-colored graphic of smooth or engraved laminated plastic. 
b. Mount on the inside of ECP showing equipment within respective systems. 


6. Miscellaneous accessories: 
a. Furnish As-Built electrical wiring diagrams for ECP and controlled equipment, and secure to the inside of the 


panel door or enclose in plastic jackets placed inside each panel. 
b. Furnish plastic or stick-on labels on interior control devices to identify them in conjunction with wiring 


schematics. 
c. The description shall include the device and its normal operation. 


PART 3 EXECUTION 
3.1 INSTALLATION 


A. Control System: 
1. Mount ECPs level, plumb, and securely to a wall or column.  Verify that adequate clearance is provided to allow for 


full front panel swing. 
2. Conceal control wiring where possible; exposed wiring shall be unobtrusive. 
3. Mount room thermostats level with the bottom 5 feet above the floor. 
4. Nameplates:  Furnish engraved, laminated plastic adjacent to control devices, and for equipment whose function is 


not readily apparent in accordance with the Drawings. 
3.2 QUALITY CONTROL 


A. Manufacturer's Field Services:  Provide a Manufacturer's representative at the site for installation assistance, the 
inspection and certification of proper installation, equipment testing, startup assistance, and the training of the 
OWNER's personnel for the specified control system. 


3.3 ADJUSTING 
A. Adjust and calibrate the entire control system. 
B. Calibrate control devices at the time of installation to ensure measuring and reading accuracy.  Provide calibration 


reports to the ENGINEER. 
C. Inspection: 


1. Prior to the  Substantial Completion date, thoroughly demonstrate the entire control system by simulating each 
control function in the presence of the ENGINEER to determine if the system performs in accordance with the 
Contract Documents. 


2. Correct deficiencies and demonstrate that the system performs as specified in presence of the ENGINEER. 
3. Provide a final report to the ENGINEER describing the actions taken. 
4. Upon notice from the ENGINEER, assist the ENGINEER in making a review and an operating check of the control 


system. 
D. Provide complete Record Document of system adjustments and indicate deviations from specified temperatures, flow 


rates, and pressures. 
END OF SECTION 
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SECTION 23 31 00 
DUCTWORK AND ACCESSORIES 


PART 1 GENERAL 
1.1 SUMMARY 


A. Section includes general information, products, and execution for ductwork and accessories. 
1.2 REFERENCES 


A. ASTM International (ASTM): 
1. A 36 – Standard Specification for Carbon Structural Steel 
2. B 209 – Standard Specification for Aluminum and Aluminum-Alloy Sheet and Plate 


B. International Mechanical Code (IMC): 
1. Chapter 6 – Duct Systems 


C. Sheet Metal and Air Conditioning Contractors National Association (SMACNA): 
1. HVAC Duct Construction Standards 


1.3 SUBMITTALS 
A. Product Data: 


1. The Manufacturer's data and descriptive literature for duct accessories. 
2. Detailed information on structural, mechanical, electrical, or other modifications necessary to adapt the 


arrangement or details shown on the Drawings to the ductwork installation. 
B. Shop Drawings:  Provide dimensioned layout drawings of ductwork showing joint locations and details, sizes, and 


material thicknesses, include hanger support locations and details. 
C. Spare Parts:  Provide 2 sets of spare filters for each aluminum filter box. 


PART 2 PRODUCTS 
2.1 APPROVED MANUFACTURERS 


A. Low and Medium Pressure, Round or Flat Oval Ductwork: 
1. Spiral duct: 


a. Hranec Sheet Metal, Inc. 
b. United Sheet Metal Co., Spiral Uniseal 


2. Fittings: 
a. Joint seal material: 


1) Hardcast, Type DT tape and HD-20 adhesive 
2) United, duct sealer 


b. Fitting: 
1) Hranec Sheet Metal, Inc. 
2) United Sheet Metal, Uniform 


B. Mechanical Joint Option: 
1. Transverse joints: 


a. Ductmate, 25/35 duct connector systems 
b. WDCI, Heavy/Lite duct connector systems 
c. Ductlok, J/E duct connector systems 


C. Duct Accessories: 
1. Rectangular elbows: 


a. Elgen 
b. Duro-Dyne 


2. Flexible connections to non-internally spring-isolated rotating fan equipment: 
a. Ventfabrics, Ventglas 
b. Duro-Dyne, Durolon 


3. PVC butterfly damper: 
a. Ruskin, PVC 12 with electric actuator, used with PVC vent piping 


4. Round control butterfly damper: 
a. Ruskin, CDR 25 with seals 


D. Joint Tape: 
1. Interior ductwork: 


a. Hardcast, Lag-Rite Tape and Bonder  
b. Ray-Chem, Shrink Tape 


2. Exterior ductwork: 
a. Hardcast, Outdoor Tape and Rosin  


2.2 MATERIALS 
A. Metal Ductwork: 


1. Material:  Aluminum in accordance with ASTM B 209, Alloy 3003. 
2. Fabricate in accordance with the SMACNA HVAC Duct Construction Standards and IMC Chapter 6. 
3. Furnish wye or conical tee fittings for round duct takeoffs from round mains. 
4. Furnish bellmouth or conical tee fittings for round duct takeoffs from rectangular mains. 
5. Provide 45 degree entry fittings in accordance with SMACNA’s requirements for rectangular takeoffs from 


rectangular or round mains. 
6. The duct sizes shown on the Drawings are inside clear dimensions.  For lined ducts, maintain sizes inside lining. 
7. Balancing dampers:  90% unobstructed free area. 
8. Increase duct sizes gradually, not to exceed 15 degrees divergence, maximum 30 degrees divergence upstream 


of equipment and 45 degrees convergence downstream. 
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B. Hanger Rod, Straps, Half and Full Rounds:  ASTM A 36 galvanized steel and applicable to attaching method and 
supports. 


C. Low and Medium Pressure Ductwork: 
1. Medium pressure ductwork (2-inch to 6-inch WC) includes ductwork between the air supply units and the air 


terminal devices. 
2. Round or flat oval ductwork: 


a. Fittings:  Furnish a complete separate fitting for branch takeoffs from spiral ducts. 
b. Branch takeoffs:  Conical laterals, conical tees, or as shown on the Drawings. 


D. Mechanical Joint Option: 
1. Fabricate ducts and joints, including gauge and reinforcing, in accordance with SMACNA Manuals. 
2. When using the WDCI Heavy/Lite system, construct ductwork in accordance with the WDCI Heavy J and Light H 


Assembly Manual and Duct Construction Standards. 
3. When using Ductlok J/E duct connector systems, construct ductwork in accordance with Ductlok's Rectangular 


Duct Construction Manual for Low, Medium, and High Pressure. 
4. For longitudinal seams, use the Pittsburgh lock seam sealed internally with a permanently elastic sealer such as 


Ductmate 5511M mastic. 
5. In accordance with SMACNA Class A sealing requirements. 


E. Duct Accessories: 
1. Butterfly dampers:  Size as shown on the Drawings. 
2. Elbows: 


a. Rectangular: 
1) Fit square-turn elbows with vane side rails. 
2) Shop fabricate double-blade turning vanes of the same material as the ductwork. 
3) Fabricate with equal inlet and outlet sizes. 
4) Rectangular radius elbows with an inside radius of 3/4 of duct width in the direction of the turn. 


b. Round:  Furnish 5-piece segmented type elbows with centerline radius of 1.5 times the duct diameter. 
c. Fabricate elbows from aluminum material used for ductwork. 


3. Flexible connections to non-internally spring-isolated rotating fan equipment: 
a. Furnish neoprene-coated, fire-resistant glass fabric, with 2 inches of clearance between the casing and the 


ductwork at a minimum. 
b. Coat outdoor flexible connectors with Hypalon. 


4. Sheet metal plenums: 
a. Fabricate from 18 gauge metal at a minimum of the same material as the ductwork.  Use standing seam 


construction. 
b. Brace with an angle frame for rigidity. 


5. Aluminum filter box:  Fabricate from 18 gauge aluminum sheet metal and brace with stainless steel V-channels. 
PART 3 EXECUTION 
3.1 INSTALLATION 


A. General: 
1. Install sheet metalwork and flexible ductwork in accordance with SMACNA HVAC Duct Construction Standards. 
2. Cross-break horizontal surfaces of rectangular metal ducts. 
3. Install additional bracing as required to prevent ballooning or breathing. 
4. Tape joints according to the following table: 


 
Pressure Class Sealing Required 
2-inch WC or less Transverse joints 
More than 2-inch WC Transverse joints and longitudinal seams 


 
5. Seal joints of ductwork in accordance with the Manufacturer's instructions. 
6. Furnish balancing dampers for grilles and diffusers in the branch duct as close to the main as possible.  Add or 


remove balancing dampers as requested by the air balancing firm for the necessary control of air. 
7. Make duct size transitions with the maximum inclusive angle of 30 degrees. 
8. Make offsets with a maximum angle of 45 degrees. 


B. Mechanical Joint Option:  Install specified transverse duct joints in accordance with the Manufacturer's instructions 
and installation manuals. 


END OF SECTION 
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SECTION 23 34 00 
HVAC FANS  


PART 1 GENERAL 
1.1 SUMMARY 


A. Section includes general information, products, and execution for HVAC fans. 
1.2 REFERENCES 


A. Air Movement and Control Association International (AMCA): 
1. Standard 210 – Laboratory Methods of Testing Fans for Rating 


B. National Fire Protection Association (NFPA): 
1. 90A – Standard for the Installation of Air-Conditioning and Ventilating Systems 
2. 90B – Standard for the Installation of Warm Air Heating and Air-Conditioning Systems 


1.3 SUBMITTALS 
A. Product Data:  Provide specifications, descriptive drawings, catalog data, and descriptive literature.  Include the make, 


model, dimensions, weight, fan noise data, and electrical schematics for the products specified. 
B. Quality Control Submittals: 


1. Certificates of conformance:  Motors, premium efficiency type and fans. 
2. Recommended procedures for the protection and handling of products prior to installation. 
3. Detailed information on structural, mechanical, electrical, or other modifications necessary to adapt the 


arrangement or details shown on the Drawings to the equipment furnished. 
C. Closeout Submittals:  O&M manuals for the equipment specified. 
D. Material Submittals:  Furnish, tag, and box for shipment and storage the following spare parts: 


1. Belts:  One complete set per unit. 
PART 2 PRODUCTS 
2.1 APPROVED MANUFACTURERS 


A. Exhaust Fans (EF Series): 
1. Manufacturers and products:  As shown on the Drawings. 


2.2 MATERIALS 
A. General: 


1. Fan units:  Furnish fused disconnects. 
2. Shafts and drive belts: 


a. Furnish multiple drive belts where motor hp is 2 or greater. 
b. Belt guards:  Meet federal and State of Colorado OSHA requirements for safety protection, and be easily 


removable by one person. 
c. Tachometer access holes:  Large enough to accept a standard tachometer drive shaft. 
d. Shall have a center punch fan shaft to accommodate tachometer readings. 


3. Fan equipment:  Rated and tested in accordance with AMCA Standard 210 for Class I service. 
4. Ball bearings: 


a. For forward-curved fans:  Size for a minimum life L-10 of over 100,000 hours. 
b. For airfoil and backward inclined fans:  Size for a minimum life L-10 of over 40,000 hours, with an average life 


L-50 of over 200,000 hours. 
5. Drives for belt-driven fans: 


a. Sheaves capable of providing 150% of motor horsepower. 
b. Mount motors on adjustable motor brackets. 
c. Furnish motors 10 hp and less with adjustable speed sheaves that allow for 20% speed variation. 
d. Furnish belt-driven fans with CI or flanged steel sheaves. 


6. Coordinate selection (size, voltage, and configuration) of motor operators for dampers with HVAC controls as 
shown on the Drawings. 


7. Air filters, fans, air handlers, and air conditioners:  In accordance with NFPA 90A and NFPA 90B. 
8. Provide lifting lugs for fan equipment that weighs more than 100 pounds. 


B. Exhaust Fans, EF Series: 
1. Nameplate with cfm, static pressure, and maximum fan rpm. 
2. Capacity at given altitude:  In accordance with the Contract Documents. 


PART 3 EXECUTION 
3.1 INSTALLATION 


A. Fans: 
1. Isolate sheet metal duct connections from non-internally spring-isolated fan units or other rotating equipment. 
2. Locate units to provide for access spaces that are required for filter changing, motor, drive, and bearing servicing, 


and fan shaft and coil removal. 
3.2 ADJUSTING 


A. Fans:  Lubricate nonsealed bearings prior to startup. 
3.3 CLEANING 


A. Do not operate units until filters are installed.  If operated without filters, completely clean the coils and the interior of 
units. 


END OF SECTION 
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SECTION 23 82 00 
CONVECTION HEATING AND COOLING UNITS 


PART 1 GENERAL 
1.1 SUMMARY 


A. Section includes general information, products, and execution for convection heating and cooling units. 
1.2 REFERENCES 


A. American Society of Heating, Refrigerating, and Air-Conditioning Engineers (ASHRAE): 
1. 90.1 – Energy Standard for Buildings Except Low-Rise Residential Buildings 


1.3 SUBMITTALS 
A. Product Data: 


1. Specifications, descriptive drawings, catalog data, and descriptive literature.  Include the make, model, 
dimensions, weight, mounting requirements, and electrical schematics for the products specified. 


2. The Manufacturer's standard finish color selections for cabinet finishes. 
3. Detailed information on structural, mechanical, electrical, or other modifications necessary to adapt the 


arrangement or the details shown on the Drawings to the equipment furnished. 
B. Closeout Submittals:  O&M manuals. 


1.4 QUALITY ASSURANCE 
A. Heating Equipment:  Meet the minimum operating efficiencies in accordance with ASHRAE 90.1, Chapter 6. 


PART 2 PRODUCTS 
2.1 APPROVED MANUFACTURERS 


A. EUH Series: 
1. As shown on the Drawings. 


2.2 MATERIALS 
A. EUH Series: 


1. Characteristics: 
a. Multiblade propeller fan. 
b. Direct-drive motor. 
c. Heating coil. 
d. Cabinet mounted. 
e. Power disconnect. 


2. Cabinet: 
a. Steel, 18 gauge, arranged for wall mounting with bracket. 
b. Baked enamel finish; color to be selected by the OWNER from the Manufacturer's standard colors. 


3. Electric heating coil: 
a. Low surface temperature type with sheath element inserted in finned-tube coil. 
b. Factory wiring to include operating and safety controls required by UL and NEC, and carry UL label. 
c. Control wiring to include control transformer. 


4. Chromalox, LUH Series. 
5. Capacity:  As shown on the Drawings. 


2.3 ACCESSORIES 
A. Equipment Identification Plates: 


1. Furnish and securely mount identification plates on each separate equipment component in a readily visible 
location. 


2. Material:  Stainless steel, 16 gauge. 
3. Lettering: 


a. Height: 1/4-inch. 
b. Engraved block type, black enamel filled. 
c. Include the equipment identification number and letters as specified in this Section. 


B. Lifting Lugs:  Furnish and suitably attach lifting lugs for equipment assemblies and components weighing over 
100 pounds. 


PART 3 EXECUTION 
3.1 INSTALLATION 


A. Heating and Cooling Equipment: 
1. Install in accordance with the Manufacturer's instructions and applicable governing codes. 
2. Furnish the specialties needed for roof piping penetrations. 


3.2 QUALITY CONTROL 
A. Factory Tests and Adjustments:  Test equipment identical to that furnished. 
B. Functional Test:  Perform the Manufacturer's standard test on equipment. 


END OF SECTION 
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		23 05 00 - Common Work Results for Mechanical

		PART 1 General

		1.1 summary

		A. Section includes general information and execution for common work results for mechanical.

		B. Related Sections:

		1. SECTION 01 40 00 – QUALITY REQUIREMENTS

		2. SECTION 01 77 00 – CONTRACT CLOSEOUT





		1.2 REFERENCEs

		A. American National Standards Institute (ANSI):

		1. B 9.1 – Safety Code for Mechanical Refrigeration

		2. B 31.1.0 – Code for Pressure Piping, Power Piping



		B. American Society of Mechanical Engineers (ASME):

		1. Boiler and Pressure Vessel Code, Section IX – Welding and Brazing Qualifications



		C. American Welding Society (AWS):

		1. Welding Handbook



		D. National Fire Protection Association (NFPA):

		1. 90A – Standard for the Installation of Air-Conditioning and Ventilating Systems





		1.3 SUBMITTALS

		A. Quality Control Submittals:

		1. Provide welder’s certificates, 3 copies of the welder qualifications, and welding procedures.

		2. Provide information on the millwright’s qualifications, certifications, and applicable experience.



		B. Contract Closeout Submittals:  Provide Record Documents as specified in SECTION 01 77 00.

		C. Warranty Documentation:

		1. Sample warranty.

		2. Warranty.





		1.4 QUALITY ASSURANCE

		A. Welding Qualifications and Requirements:

		1. A minimum of 5 years of documented experience in the Work of this Section.

		2. Approved by the Manufacturer.

		3. Qualified in accordance with ASME Boiler and Pressure Vessel Code, Section IX, Welding and Brazing Qualifications.

		4. Welding procedures and testing:  In accordance with ANSI B31.1.0 and the AWS Welding Handbook.

		5. Soldering and brazing procedures:  In accordance with ANSI B9.1.

		6. Pipe identification:  Mark on the pipe, including size, ASTM material, class, ASTM specification, and pressure rating.



		B. Regulatory Requirements:  In accordance with NFPA 90A.

		C. Provide quality control as specified in SECTION 01 40 00.

		D. Comply with qualification requirements.



		1.5 DELIVERY, STORAGE, AND HANDLING

		A. Provide proper storage of materials and equipment and assume complete responsibility for losses.  Follow the Manufacturer’s instructions for storage.

		B. Store equipment and materials out of the elements.

		C. An item rusted from exposure to the elements shall not be used in the Work.



		1.6 site CONDITIONS

		A. Examine site and staging areas.  Become familiar with existing local conditions affecting Work, such as access, obstructions, altitude, weather conditions, necessary cutting, and excavating or filling.  Allowances will not be made for reasons of mi...

		B. Scaffolding, Rigging, and Hoisting:  Furnish scaffolding, rigging, hoisting, and services necessary for the erection and delivery of equipment and apparatus into the premises, and remove items when they are no longer required.

		C. Quiet Operation:

		1. Equipment shall operate under all conditions of loading without objectionable sound or vibration as determined by the ENGINEER.

		2. In the case of moving machinery, sound or vibration that is noticeable inside of an occupied space or excessive noise or vibration inside the equipment room will be considered objectionable and require correction at no additional cost to the OWNER.



		D. Accessibility:

		1. Sufficiently size shafts and chases for adequate clearance and proper installation of Work.

		2. Cooperate with the CONTRACTOR and the Subcontractors whose Work is in the same space, and advise the CONTRACTOR of requirements.  Such spaces and clearances shall be to the size required.

		3. Locate equipment that needs to be serviced, operated, or maintained in fully accessible positions.  If required for accessibility, furnish access doors, etc. for this purpose.  Minor accessibility and any changes for accessibility shall be approved...

		4. Provide the CONTRACTOR with exact locations of access panels for each concealed valve, control damper, or other device requiring service.  Locations of access panels shall be submitted in sufficient time to be installed in the normal course of Work.



		E. Altitude Correction:

		1. The air moving equipment operating altitude shall be as shown on the Drawings.

		2. The Manufacturer and Supplier shall make necessary adjustments to deliver the specified cfm.

		3. The Manufacturer and Supplier shall furnish the sheaves or motors required to produce the specified capacities at the operating altitude at no additional cost to the OWNER.





		1.7 WARRANTy

		A. Warranty for one year from the Substantial Completion date for the satisfactory performance and installation of the mechanical system and associated appurtenances.

		B. Provide a warranty to repair or replace, at no cost to the OWNER, any part of the apparatus that may show defects during the one year warranty period, provided such defects are due to imperfect material or workmanship and not due to carelessness or...

		C. Provide longer periods of warranty where it is customary for the piece of equipment or the system installed.  If the Manufacturer’s warranty is longer than one year, it shall be used.  Provide copies of the warranty to the OWNER.





		PART 2 PRODUCTS (NOT USED)

		PART 3 EXECUTION

		3.1 INSTALLATION

		A. Workmanship:

		1. Workmanship shall be first-rate.  The finished appearance of mechanical Work is as important as the mechanical efficiency.

		2. Perform Work in accordance with good commercial practices.

		3. Install materials in accordance with the Manufacturer’s instructions and applicable governing codes.



		B. Rough-in:

		1. Field verify final locations for rough-ins with the requirements of actual equipment to be connected.

		2. Include rough-in requirements in equipment criteria in the technical sections of manuals.



		C. Clearance from Electrical Equipment:

		1. Provide clearance above equipment and do not locate mechanical equipment or piping within 3 feet of:

		a. Transformers.

		b. Equipment control panels and disconnects.

		c. Switchgear.

		d. Switchboards.

		e. Generator control panels.

		f. Battery system equipment.

		g. Motor control centers.

		h. Standby power plant.

		i. Motors, except for branch piping to driven equipment.



		2. Provide working clearances in accordance with the NEC for electrical panels, controllers, motor control centers, disconnects, and similar equipment that can be opened to expose energized parts.

		3. Configure, route, and locate piping, ductwork, equipment, and auxiliary items installed to maintain the required clearances.



		D. Supervision:  The mechanical foreman or superintendent shall be responsible for the Work of his/her Subcontractors and have questions or directions routed through him/her.

		E. Preparation:

		1. The ends of pipes and tubes shall be reamed to remove burrs; the plain ends of steel pipe shall be beveled.

		2. Scale, slag, dirt, and debris shall be removed from the inside and the outside of piping and fittings before assembly.



		F. Sequence, coordinate, and integrate the various elements of mechanical systems, materials, and equipment.  Comply with the following requirements:

		1. Coordinate mechanical systems and material installation with other building components and systems.

		2. Coordinate interface between mechanical and electrical Work before submitting equipment for review or beginning installation.

		3. Field verify dimensions.

		4. Coordinate installation during the construction of required support devices and sleeves that are to be cut into concrete and other structural components.

		5. Maintain an efficient flow of Work during installations of mechanical materials and equipment.

		6. Where mounting heights are not specifically detailed or dimensioned, install systems, materials, and equipment to provide the maximum headroom possible.

		7. Coordinate the connection of mechanical systems with underground utilities and services.

		8. Systems, materials, and equipment installation shall be in accordance with the approved submittal data to the greatest extent possible.  Conform to arrangements shown on the Drawings recognizing that portions of Work are shown only in diagrammatic ...

		9. Where exposed in finished spaces, install systems, materials, and equipment level and plumb, and parallel and perpendicular to other building systems and components.



		G. Pipe Installation:

		1. The Drawings show the general location and arrangement of the piping systems.  The location and arrangement of piping layout shall take into consideration pipe sizing and friction loss, expansion, pump sizing, and other design considerations.

		2. Installed piping shall be free of sags or bends.  There shall be ample space between piping to permit proper insulation applications.

		3. Piping shall be installed in shoes, and guides mounted tight to support steel, beams, joists, columns, walls, and other permanent elements of the structure.



		H. Fittings and Specialties:

		1. Fittings are required for changes in direction and branch connections.

		2. New materials shall be furnished for remaking leaking joints.

		3. Unions are required adjacent to each control valve, at the final connection to each piece of equipment and plumbing fixture having 2-inch and smaller connections, and elsewhere as dictated by good practice.

		4. Flanges are required in 2 1/2-inch and larger pipe, where required, adjacent to each valve, and at the final connection to each piece of equipment.



		I. Cutting and Patching:

		1. During cutting and patching operations, the protection of adjacent installations shall be required.

		2. Cutting, fitting, and patching of mechanical equipment and materials shall be required to:

		a. Uncover Work to provide for the installation of Work.

		b. Remove and replace defective Work.

		c. Remove and replace Work that fails to conform to the requirements of the Contract Documents.

		d. Uncover and restore Work to provide for observation of concealed Work upon written instructions from the ENGINEER.







		3.2 system startup

		A. Commissioning:  Complete Work and ensure systems are in proper working order and placed in operation.



		3.3 CLEANING

		A. Clean equipment and remove debris and construction materials from the premises.







		23 05 93 - HVAC Systems Testing, Adjusting & Balancing.pm

		PART 1 GENERAL

		1.1 summary

		A. Section includes general information and execution for HVAC systems testing, adjusting, and balancing.



		1.2 REFERENCES

		A. Air Movement and Control Association International (AMCA):

		1. 203 – Field Performance Measurement of Fan Systems



		B. Sheet Metal and Air Conditioning Contractors National Association (SMACNA):

		1. HVAC Testing, Adjusting, and Balancing Manual





		1.3 SUBMITTALS

		A. Quality Control Submittals:

		1. Provide the qualifications and experience record of the air balancing and test agency.

		2. Provide verification of the calibration of testing and balancing equipment.

		3. Provide a balancing log report following completion of system adjustments including test results, adjustments, and rebalancing procedures.

		4. Recommend to the ENGINEER dampers that should be added or replaced to obtain proper air control.





		1.4 QUALITY ASSURANCE

		A. Provide a qualified Professional Engineer registered in the State of Colorado or firm specializing in testing and balancing to adjust and balance the system.

		B. Air Balancing and Test Agency Qualifications:

		1. A corporately and financially independent organization functioning as an unbiased testing authority.

		2. Professionally independent of Manufacturers, Suppliers, and installers of the HVAC equipment being tested.

		3. Certified by a national balancing association.

		4. Have a proven record of at least 5 similar projects.

		5. An employer of engineers and technicians regularly engaged in testing and inspecting HVAC equipment and systems.

		6. Approved test agencies:

		a. TAB Services, Inc.

		b. Air-Right, Inc.









		PART 2 PRODUCTS (Not Used)

		PART 3 EXECUTION

		3.1 GENERAL

		A. Calibrate test instruments to a recognized standard before beginning the Work.

		B. Adjust and balance the systems in accordance with SMACNA’s HVAC Testing, Adjusting, and Balancing Manual.



		3.2 QUALITY CONTROL

		A. Adjusting and Balancing Air Side:

		1. Measure fan system performance in accordance with AMCA 203.

		2. In each system, test the system for both opened access hatches/manholes and closed access hatches/manholes.

		3. Adjust fan air volumes, if not constant speed and direct drive:

		a. Adjust fan speeds and motor drives for required equipment air volumes. Allowable variation: +10%, -0%.

		b. After final adjustments, do not operate the motor above the nameplate amperage on any phase.

		c. Provide and make drive and belt changes on motors or fans as required to adjust equipment to specified conditions.  Provide notice to the air handling unit Manufacturer and the ENGINEER if a drive or a belt changes was made.



		4. Read and record static pressures at unit inlet and discharge, filters, coils, dampers, on supply duct, return duct, and exhaust fan.  Record the operating point on each fan curve.

		5. Airflow adjustments:

		a. Correct fan and airflow adjustments for the Work site elevation.

		b. Final adjustments:

		1) Mark final positions of balancing dampers with a red felt pen.

		2) When adjustments are made to a portion of the fan system, reread other portions of that same system to determine the effects imposed by the adjustments.







		B. EHHs:  Measure forced air performance and heater output; compare to the Manufacturer’s stated performance outputs.

		C. Balancing Log Report Requirements:

		1. Log and record information from every test, reading, and adjustment necessary to accomplish the services described.  In addition, record:

		a. Equipment identification number.

		b. Equipment nameplate data including Manufacturer, model, size, type, and serial number.

		c. Motor data (frame, hp, volts, FLA and rpm).

		d. Starter and heater data.



		2. Include a half-size set of drawings in the balance log showing the final flow readings for each system.

		3. Indicate the recorded Work site values and the velocity and mass correction factors used to provide equivalent standard air quantities.

		4. Include a separate section in the log, if necessary, that describes operating difficulties in the systems that could not be eliminated by the specified procedures.  Identify problems by system and location.  Include an outline of a summary of the c...

		5. After readjustment for vibration, measure and record the displacement only of the readjusted equipment to determine its conformance with the design.



		D. Quality Control Verification:  After adjustments are completed and balance logs submitted, the balancing and testing agency shall be available to demonstrate the water balancing procedures and vibration tests and verify the test results.

		1. Perform spot tests on a maximum of 20% of the total water balance points, with measuring equipment used in the original tests, at random points selected by the ENGINEER.

		2. Results of spot tests shall agree with the balance logs within ±10%.  Where this accuracy cannot be verified, rebalance portions of the system as requested by the ENGINEER.

		3. At completion of the rebalance procedures, perform another spot test to verify results.









		23 09 00 - Heating, Ventilation, and Air Conditioning HVAC Controls

		PART 1 GENERAL

		1.1 SUMMARY

		A. Section includes general information, products, and execution for HVAC controls.



		1.2 references

		A. National Electrical Manufacturers Association (NEMA):

		1. 250 – Enclosures for Electrical Equipment (1000 Volts Maximum)





		1.3 SUBMITTALS

		A. Product Data:  Specifications, descriptive drawings, catalog data, and descriptive literature.  Include the make, model, dimensions, weight, and electrical schematics for control system components.

		B. Shop Drawings:

		1. Complete system power, interlock, control, and data transmission wiring diagrams that are 11-inch by 17-inch at a minimum.

		2. Complete drawings and schematics of the proposed control system, including panel power requirements.



		C. Quality Control Submittals:

		1. Certificates:  The Manufacturer's certificate of conformance and certificate of proper installation.

		2. Recommended procedures for the protection and handling of equipment and materials prior to installation.

		3. Experience and qualifications of the Controls Supplier.

		4. Detailed information on structural, mechanical, electrical, or other changes or modifications that are necessary to adapt the arrangement or details shown on the Drawings to the equipment and materials furnished.



		D. Contract Closeout Submittals:

		1. Record Documents:  Complete As-Built wiring diagrams.

		2. O&M manuals.

		3. Recommended spare parts list:

		a. Quantities and replacement frequency.

		b. Current list prices that are valid for 90 days after the Substantial Completion date.

		c. Availability and nearest distributor.



		4. Record of system adjustments.



		E. Material Submittals:  Furnish the box and tag and clearly mark on the exterior the Manufacturer’s name, description, and part number for shipment and long-term storage, and deliver the following items prior to the Substantial Completion date:

		1. Spare light bulbs:  Furnish one for each 4 pilot lights, a minimum of one per panel.



		F. Warranty Documentation:

		1. Sample warranty.

		2. Warranty.





		1.4 quality assurance

		A. System Description:

		1. Furnish a complete, functional HVAC control system with supplementary electric or electronic devices, as required, to perform the sequence of operations as defined in the Contract Documents.

		2. Design Requirements:

		a. Furnish the controls necessary for the entire system to have fail-safe operation.

		b. Interface controls properly with factory-supplied components of mechanical systems.

		c. Coordinate special control interfacing requirements.

		d. For equipment requiring special interfacing with the control system, furnish equipment with the integral controls necessary to operate properly with the control system or furnish accessory devices required for the operation of the total mechanical ...

		e. Control components:

		1) Field or computer adjustable to the actual set point or ranges as required; also furnish adjustability to other settings that will provide proper operation of the entire control system.

		2) Of proper sensitivities to preclude cycling and to maintain control points that are adequately close to set points for acceptable offset.





		3. Performance Requirements:  In accordance with the Contract Documents.

		4. Control Types:

		a. Environmental control system:  Furnish control of equipment and devices in accordance with the Contract Documents.

		b. Packaged control system:  Furnish the complete packaged control system, with interface for inputs and outputs.

		c. Motorized damper control:  Furnish a motor operator for each adjustable motorized damper that is arranged to open damper blades when energized.



		5. General Sequence of Operation:  In accordance with ECP Drawings and associated logic.



		B. Controls Supplier Qualifications:  Capable of providing factory trained technicians, competent to provide instruction, routine maintenance, and emergency service on-site within 2 days after receipt of request.

		C. Manufacturer Qualifications:

		1. A minimum of 10 years of documented experience in the Work of this Section.

		2. Certificate of ISO 9001 Compliance.



		D. UL Compliance:  Materials manufactured within the scope of UL shall conform to UL Standards and have applied UL listing mark.



		1.5 site CONDITIONS

		A. Environmental Requirements:  Materials and equipment shall be designed and constructed for continuous operation, at rated current and voltage, at 104 F ambient and 95% relative humidity.



		1.6 WARRANTy

		A. Warranty for one year from the Substantial Completion date for the satisfactory performance and installation of the HVAC controls system and associated appurtenances.





		PART 2 PRODUCTS

		2.1 approved manufacturers

		A. HVAC Equipment and Devices:

		1. Differential pressure switches with range suitable for filter bank pressure drop:

		a. Dwyer, 1910 Series



		2. Damper actuators with spring return:

		a. Honeywell

		b. Johnson Controls





		B. ECP:

		1. Hoffman





		2.2 MATERIALS

		A. Electrical, Instrumentation, and Control:  The Contract Documents expand on the electrical, instrumentation, and control requirements of the HVAC system and this Section:

		1. Furnish the functions and components necessary for the complete operational system of controls that provide specified performance and functionality in accordance with the Contract Documents and as recommended by the Manufacturer.

		2. Furnish items of incidental nature that are necessary for proper system operation and performance.

		3. Furnish the ECP and devices as shown on the Drawings.  The ECP shall be furnished and installed by the Instrumentation and Controls Subcontractor.

		4. The HVAC Subcontractor shall furnish a recommended sequence of operation in automatic and manual modes and coordinate with the Instrumentation and Controls Subcontractor to furnish an ECP and the control requirements required for a complete operati...

		5. The Manufacturer shall review the sequence of operation and equipment and certify proper operation and compliance with the HVAC Subcontractor’s recommendations.

		6. Alarms and control instruments:

		a. Suitable to perform the indicated function directly or through auxiliary devices.

		b. Furnish the following devices at a minimum and mount on HVAC system equipment as listed below:

		1) PS.

		2) TS.

		3) LS.

		4) dPF – dirty filter.







		B. HVAC Equipment and Devices:

		1. Temperature sensors:  In accordance with the Contract Documents.

		2. Humidity sensors:  In accordance with the Contract Documents.

		3. Differential pressure switches:  Furnish tubing and tips for air filter application.

		4. Damper actuators:  Sized for damper requirements.



		C. ECP:

		1. General:  The ECP shall be furnished and installed by the Instrumentation and Control Systems Subcontractor and shall meet the requirements of this Section and the Drawings.

		2. Construction:

		a. In accordance with NEMA 250.

		b. Hinged front door with locking handle.

		c. Flush mount manual switches, pilot lights, and direct-reading gauges on the front panel face.

		d. Identify front panel mounted devices and ECP by engraved laminated plastic nameplates with white letters on a black background.

		e. Furnish a system schematic for mechanical equipment using laminated labels and symbols.



		3. Control devices:

		a. Mount inside ECP.

		b. Prewired internally.

		c. Terminate wires leaving ECP at separately numbered terminal strips (one terminal pair per circuit).

		d. Furnish individual connectors for every item of mechanical equipment, integral and remote pilot lights, and other devices described for each panel.

		e. Identify wires by color coding or numerical tags at both ends.

		f. Wire control devices without splices to terminal strip.

		g. Furnish integral circuit protection for panel mounted control devices.



		4. Terminal blocks:

		a. One-piece molded plastic blocks with screw type terminals and barriers rated for 300 V.

		b. Double sided and supplied with removable covers to prevent accidental contact with live circuits.

		c. Furnish permanent, legible identification, clearly visible with the protective cover removed.

		d. Terminate wires at terminal blocks with crimp type, pre-insulated, ring-tongue lugs.

		e. Size lugs for terminal block screws and for the number and size of wires terminated.



		5. Schematic diagrams:

		a. Furnish a multi-colored graphic of smooth or engraved laminated plastic.

		b. Mount on the inside of ECP showing equipment within respective systems.



		6. Miscellaneous accessories:

		a. Furnish As-Built electrical wiring diagrams for ECP and controlled equipment, and secure to the inside of the panel door or enclose in plastic jackets placed inside each panel.

		b. Furnish plastic or stick-on labels on interior control devices to identify them in conjunction with wiring schematics.

		c. The description shall include the device and its normal operation.









		PART 3 EXECUTION

		3.1 INSTALLATION

		A. Control System:

		1. Mount ECPs level, plumb, and securely to a wall or column.  Verify that adequate clearance is provided to allow for full front panel swing.

		2. Conceal control wiring where possible; exposed wiring shall be unobtrusive.

		3. Mount room thermostats level with the bottom 5 feet above the floor.

		4. Nameplates:  Furnish engraved, laminated plastic adjacent to control devices, and for equipment whose function is not readily apparent in accordance with the Drawings.





		3.2 QUALITY CONTROL

		A. Manufacturer's Field Services:  Provide a Manufacturer's representative at the site for installation assistance, the inspection and certification of proper installation, equipment testing, startup assistance, and the training of the OWNER's personn...



		3.3 ADJUSTING

		A. Adjust and calibrate the entire control system.

		B. Calibrate control devices at the time of installation to ensure measuring and reading accuracy.  Provide calibration reports to the ENGINEER.

		C. Inspection:

		1. Prior to the  Substantial Completion date, thoroughly demonstrate the entire control system by simulating each control function in the presence of the ENGINEER to determine if the system performs in accordance with the Contract Documents.

		2. Correct deficiencies and demonstrate that the system performs as specified in presence of the ENGINEER.

		3. Provide a final report to the ENGINEER describing the actions taken.

		4. Upon notice from the ENGINEER, assist the ENGINEER in making a review and an operating check of the control system.



		D. Provide complete Record Document of system adjustments and indicate deviations from specified temperatures, flow rates, and pressures.







		23 31 00 - Ductwork and Accessories

		PART 1 GENERAL

		1.1 summary

		A. Section includes general information, products, and execution for ductwork and accessories.



		1.2 REFERENCES

		A. ASTM International (ASTM):

		1. A 36 – Standard Specification for Carbon Structural Steel

		2. B 209 – Standard Specification for Aluminum and Aluminum-Alloy Sheet and Plate



		B. International Mechanical Code (IMC):

		1. Chapter 6 – Duct Systems



		C. Sheet Metal and Air Conditioning Contractors National Association (SMACNA):

		1. HVAC Duct Construction Standards





		1.3 SUBMITTALS

		A. Product Data:

		1. The Manufacturer's data and descriptive literature for duct accessories.

		2. Detailed information on structural, mechanical, electrical, or other modifications necessary to adapt the arrangement or details shown on the Drawings to the ductwork installation.



		B. Shop Drawings:  Provide dimensioned layout drawings of ductwork showing joint locations and details, sizes, and material thicknesses, include hanger support locations and details.

		C. Spare Parts:  Provide 2 sets of spare filters for each aluminum filter box.





		PART 2 PRODUCTS

		2.1 approved manufacturers

		A. Low and Medium Pressure, Round or Flat Oval Ductwork:

		1. Spiral duct:

		a. Hranec Sheet Metal, Inc.

		b. United Sheet Metal Co., Spiral Uniseal



		2. Fittings:

		a. Joint seal material:

		1) Hardcast, Type DT tape and HD-20 adhesive

		2) United, duct sealer



		b. Fitting:

		1) Hranec Sheet Metal, Inc.

		2) United Sheet Metal, Uniform







		B. Mechanical Joint Option:

		1. Transverse joints:

		a. Ductmate, 25/35 duct connector systems

		b. WDCI, Heavy/Lite duct connector systems

		c. Ductlok, J/E duct connector systems





		C. Duct Accessories:

		1. Rectangular elbows:

		a. Elgen

		b. Duro-Dyne



		2. Flexible connections to non-internally spring-isolated rotating fan equipment:

		a. Ventfabrics, Ventglas

		b. Duro-Dyne, Durolon



		3. PVC butterfly damper:

		a. Ruskin, PVC 12 with electric actuator, used with PVC vent piping



		4. Round control butterfly damper:

		a. Ruskin, CDR 25 with seals





		D. Joint Tape:

		1. Interior ductwork:

		a. Hardcast, Lag-Rite Tape and Bonder

		b. Ray-Chem, Shrink Tape



		2. Exterior ductwork:

		a. Hardcast, Outdoor Tape and Rosin







		2.2 Materials

		A. Metal Ductwork:

		1. Material:  Aluminum in accordance with ASTM B 209, Alloy 3003.

		2. Fabricate in accordance with the SMACNA HVAC Duct Construction Standards and IMC Chapter 6.

		3. Furnish wye or conical tee fittings for round duct takeoffs from round mains.

		4. Furnish bellmouth or conical tee fittings for round duct takeoffs from rectangular mains.

		5. Provide 45 degree entry fittings in accordance with SMACNA’s requirements for rectangular takeoffs from rectangular or round mains.

		6. The duct sizes shown on the Drawings are inside clear dimensions.  For lined ducts, maintain sizes inside lining.

		7. Balancing dampers:  90% unobstructed free area.

		8. Increase duct sizes gradually, not to exceed 15 degrees divergence, maximum 30 degrees divergence upstream of equipment and 45 degrees convergence downstream.



		B. Hanger Rod, Straps, Half and Full Rounds:  ASTM A 36 galvanized steel and applicable to attaching method and supports.

		C. Low and Medium Pressure Ductwork:

		1. Medium pressure ductwork (2-inch to 6-inch WC) includes ductwork between the air supply units and the air terminal devices.

		2. Round or flat oval ductwork:

		a. Fittings:  Furnish a complete separate fitting for branch takeoffs from spiral ducts.

		b. Branch takeoffs:  Conical laterals, conical tees, or as shown on the Drawings.





		D. Mechanical Joint Option:

		1. Fabricate ducts and joints, including gauge and reinforcing, in accordance with SMACNA Manuals.

		2. When using the WDCI Heavy/Lite system, construct ductwork in accordance with the WDCI Heavy J and Light H Assembly Manual and Duct Construction Standards.

		3. When using Ductlok J/E duct connector systems, construct ductwork in accordance with Ductlok's Rectangular Duct Construction Manual for Low, Medium, and High Pressure.

		4. For longitudinal seams, use the Pittsburgh lock seam sealed internally with a permanently elastic sealer such as Ductmate 5511M mastic.

		5. In accordance with SMACNA Class A sealing requirements.



		E. Duct Accessories:

		1. Butterfly dampers:  Size as shown on the Drawings.

		2. Elbows:

		a. Rectangular:

		1) Fit square-turn elbows with vane side rails.

		2) Shop fabricate double-blade turning vanes of the same material as the ductwork.

		3) Fabricate with equal inlet and outlet sizes.

		4) Rectangular radius elbows with an inside radius of 3/4 of duct width in the direction of the turn.



		b. Round:  Furnish 5-piece segmented type elbows with centerline radius of 1.5 times the duct diameter.

		c. Fabricate elbows from aluminum material used for ductwork.



		3. Flexible connections to non-internally spring-isolated rotating fan equipment:

		a. Furnish neoprene-coated, fire-resistant glass fabric, with 2 inches of clearance between the casing and the ductwork at a minimum.

		b. Coat outdoor flexible connectors with Hypalon.



		4. Sheet metal plenums:

		a. Fabricate from 18 gauge metal at a minimum of the same material as the ductwork.  Use standing seam construction.

		b. Brace with an angle frame for rigidity.



		5. Aluminum filter box:  Fabricate from 18 gauge aluminum sheet metal and brace with stainless steel V-channels.







		PART 3 EXECUTION

		3.1 INSTALLATION

		A. General:

		1. Install sheet metalwork and flexible ductwork in accordance with SMACNA HVAC Duct Construction Standards.

		2. Cross-break horizontal surfaces of rectangular metal ducts.

		3. Install additional bracing as required to prevent ballooning or breathing.

		4. Tape joints according to the following table:

		5. Seal joints of ductwork in accordance with the Manufacturer's instructions.

		6. Furnish balancing dampers for grilles and diffusers in the branch duct as close to the main as possible.  Add or remove balancing dampers as requested by the air balancing firm for the necessary control of air.

		7. Make duct size transitions with the maximum inclusive angle of 30 degrees.

		8. Make offsets with a maximum angle of 45 degrees.



		B. Mechanical Joint Option:  Install specified transverse duct joints in accordance with the Manufacturer's instructions and installation manuals.







		23 34 00 - HVAC Fans

		PART 1 GENERAL

		1.1 SUMMARY

		A. Section includes general information, products, and execution for HVAC fans.



		1.2 REFERENCES

		A. Air Movement and Control Association International (AMCA):

		1. Standard 210 – Laboratory Methods of Testing Fans for Rating



		B. National Fire Protection Association (NFPA):

		1. 90A – Standard for the Installation of Air-Conditioning and Ventilating Systems

		2. 90B – Standard for the Installation of Warm Air Heating and Air-Conditioning Systems





		1.3 SUBMITTALS

		A. Product Data:  Provide specifications, descriptive drawings, catalog data, and descriptive literature.  Include the make, model, dimensions, weight, fan noise data, and electrical schematics for the products specified.

		B. Quality Control Submittals:

		1. Certificates of conformance:  Motors, premium efficiency type and fans.

		2. Recommended procedures for the protection and handling of products prior to installation.

		3. Detailed information on structural, mechanical, electrical, or other modifications necessary to adapt the arrangement or details shown on the Drawings to the equipment furnished.



		C. Closeout Submittals:  O&M manuals for the equipment specified.

		D. Material Submittals:  Furnish, tag, and box for shipment and storage the following spare parts:

		1. Belts:  One complete set per unit.







		PART 2 PRODUCTS

		2.1 approved manufacturers

		A. Exhaust Fans (EF Series):

		1. Manufacturers and products:  As shown on the Drawings.





		2.2 MATERIALS

		A. General:

		1. Fan units:  Furnish fused disconnects.

		2. Shafts and drive belts:

		a. Furnish multiple drive belts where motor hp is 2 or greater.

		b. Belt guards:  Meet federal and State of Colorado OSHA requirements for safety protection, and be easily removable by one person.

		c. Tachometer access holes:  Large enough to accept a standard tachometer drive shaft.

		d. Shall have a center punch fan shaft to accommodate tachometer readings.



		3. Fan equipment:  Rated and tested in accordance with AMCA Standard 210 for Class I service.

		4. Ball bearings:

		a. For forward-curved fans:  Size for a minimum life L-10 of over 100,000 hours.

		b. For airfoil and backward inclined fans:  Size for a minimum life L-10 of over 40,000 hours, with an average life L-50 of over 200,000 hours.



		5. Drives for belt-driven fans:

		a. Sheaves capable of providing 150% of motor horsepower.

		b. Mount motors on adjustable motor brackets.

		c. Furnish motors 10 hp and less with adjustable speed sheaves that allow for 20% speed variation.

		d. Furnish belt-driven fans with CI or flanged steel sheaves.



		6. Coordinate selection (size, voltage, and configuration) of motor operators for dampers with HVAC controls as shown on the Drawings.

		7. Air filters, fans, air handlers, and air conditioners:  In accordance with NFPA 90A and NFPA 90B.

		8. Provide lifting lugs for fan equipment that weighs more than 100 pounds.



		B. Exhaust Fans, EF Series:

		1. Nameplate with cfm, static pressure, and maximum fan rpm.

		2. Capacity at given altitude:  In accordance with the Contract Documents.







		PART 3 EXECUTION

		3.1 INSTALLATION

		A. Fans:

		1. Isolate sheet metal duct connections from non-internally spring-isolated fan units or other rotating equipment.

		2. Locate units to provide for access spaces that are required for filter changing, motor, drive, and bearing servicing, and fan shaft and coil removal.





		3.2 ADJUSTING

		A. Fans:  Lubricate nonsealed bearings prior to startup.



		3.3 cleaning

		A. Do not operate units until filters are installed.  If operated without filters, completely clean the coils and the interior of units.







		23 82 00 - Convection Heating and Cooling Units

		PART 1 GENERAL

		1.1 SUMMARY

		A. Section includes general information, products, and execution for convection heating and cooling units.



		1.2 REFERENCES

		A. American Society of Heating, Refrigerating, and Air-Conditioning Engineers (ASHRAE):

		1. 90.1 – Energy Standard for Buildings Except Low-Rise Residential Buildings





		1.3 SUBMITTALS

		A. Product Data:

		1. Specifications, descriptive drawings, catalog data, and descriptive literature.  Include the make, model, dimensions, weight, mounting requirements, and electrical schematics for the products specified.

		2. The Manufacturer's standard finish color selections for cabinet finishes.

		3. Detailed information on structural, mechanical, electrical, or other modifications necessary to adapt the arrangement or the details shown on the Drawings to the equipment furnished.



		B. Closeout Submittals:  O&M manuals.



		1.4 QUALITY ASSURANCE

		A. Heating Equipment:  Meet the minimum operating efficiencies in accordance with ASHRAE 90.1, Chapter 6.





		PART 2 PRODUCTS

		2.1 Approved manufacturers

		A. EUH Series:

		1. As shown on the Drawings.





		2.2 MATERIALS

		A. EUH Series:

		1. Characteristics:

		a. Multiblade propeller fan.

		b. Direct-drive motor.

		c. Heating coil.

		d. Cabinet mounted.

		e. Power disconnect.



		2. Cabinet:

		a. Steel, 18 gauge, arranged for wall mounting with bracket.

		b. Baked enamel finish; color to be selected by the OWNER from the Manufacturer's standard colors.



		3. Electric heating coil:

		a. Low surface temperature type with sheath element inserted in finned-tube coil.

		b. Factory wiring to include operating and safety controls required by UL and NEC, and carry UL label.

		c. Control wiring to include control transformer.



		4. Chromalox, LUH Series.

		5. Capacity:  As shown on the Drawings.





		2.3 ACCESSORIES

		A. Equipment Identification Plates:

		1. Furnish and securely mount identification plates on each separate equipment component in a readily visible location.

		2. Material:  Stainless steel, 16 gauge.

		3. Lettering:

		a. Height: 1/4-inch.

		b. Engraved block type, black enamel filled.

		c. Include the equipment identification number and letters as specified in this Section.





		B. Lifting Lugs:  Furnish and suitably attach lifting lugs for equipment assemblies and components weighing over 100 pounds.





		PART 3 EXECUTION

		3.1 INSTALLATION

		A. Heating and Cooling Equipment:

		1. Install in accordance with the Manufacturer's instructions and applicable governing codes.

		2. Furnish the specialties needed for roof piping penetrations.





		3.2 QUALITY CONTROL

		A. Factory Tests and Adjustments:  Test equipment identical to that furnished.

		B. Functional Test:  Perform the Manufacturer's standard test on equipment.
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SECTION 26 00 10 
COMMON WORK RESULTS FOR ELECTRICAL  


PART 1 GENERAL 
1.1 SUMMARY 


A. Section includes general information, products, and execution for common work results for electrical. 
B. Related Sections: 


1. SECTION 27 00 00 – COMMUNICATIONS SYSTEMS 
1.2 REFERENCES 


A. National Electrical Contractors Association (NECA): 
1. 1 – Standard for Good Workmanship in Electrical Construction  


B. National Fire Protection Association (NFPA): 
1. 70 – National Electrical Code (NEC) 
2. 70B – Recommended Practice for Electrical Equipment Maintenance  
3. 70E – Standard for Electrical Safety in the Workplace 


1.3 DEFINITIONS 
A. Authority Having Jurisdiction:  An organization, office, or individual responsible for enforcing the requirements of a 


code or standard in accordance with NFPA 70, Articles 90 and 100. 
B. BF:  The measure of light output from a lamp operated by commercial ballast as compared to a laboratory standard 


reference ballast. 
C. CCT:  Scientific scale to describe how warm or how cool the light source is; measured in Kelvin. 
D. Crest Factor:  Ratio of peak lamp current to rms or average lamp operating current. 
E. Efficacy:  Lumen output per unit of power supplied to ballast, lumens per watt. 
F. EMI:  Electrical interference or noise generated by electrical and electronic devices. 
G. EU:  Electric utility that owns the system. 
H. Field Interconnection:  Conductor or cable from equipment, device, or enclosure to another enclosure, device, or 


equipment.  Conductors and cables between equipment sections included in one overall enclosure (e.g., switchgear 
cubicles in one section) shall be considered field interconnection conductors and cables. 


I. FC:  The measure of light level on a surface being illuminated. 
J. Ground Grid:  Synonymous with Ground System. 
K. Ground System:  Synonymous with Ground Grid. 
L. HID:  A lamp containing a filled arc tube in which the active element becomes vaporized and is discharged into the arc 


stream to produce light. 
M. Instant Start:  A lamp starting method in which lamps are started by high voltage input without the preheating of lamp 


filaments. 
N. K:  Kelvin. 
O. Low-Voltage Conductors: Applies to conductors and cables 600 V and below, including conductors and cables for 


power, instrumentation, control, communications, security, SCADA, and fire alarm systems. 
P. Luminaire:  Lighting unit or lighting fixture. 
Q. Medium-Voltage Cables:  Power conductors and cables 600 V through 69 kV. 
R. PAR:  Parabolic aluminized reflector. 
S. PU:  Phone utility that owns the system. 
T. Pulse Start:  A HID ballast with a high voltage igniter that provides high voltage pulses to ionize the gas within the 


lamp. 
U. Rapid Start:  A lamp starting method in which lamp filaments are heated while open circuit voltage is applied to 


facilitate lamp ignition. 
V. SPD:  Synonymous with TVSS. 
W. THD:  The combined effect of harmonic distortion on the AC waveform produced by ballast or other device. 
X. TVSS:  Synonymous with SPD. 


1.4 COORDINATION 
A. Utilities: 


1. Electric utility electrical equipment, overhead power lines, metering, and TOS equipment Work and modifications 
shall be coordinated with and approved by the ENGINEER and the electric utility.  Meet electric utility 
requirements for new and existing equipment installation, modifications, and demolition. 


2. Materials, methods, sizes, ratings, and settings shall be coordinated and approved by the electric utility.  The point 
of interconnection and service interface shall meet requirements of the electric utility.  Provide and install 
materials and equipment required by the electric utility to provide a point of interconnection and service as 
required by the electric utility and as intended in the Contract Documents. 


3. Coordinate power outages with the ENGINEER, the OWNER, and the electric utility. 
4. Communications equipment, the communications incoming service lines Work, and modifications shall be 


coordinated with and approved by the ENGINEER and the phone utility.  Meet the phone utility’s requirements for 
new and existing equipment installation, modifications, and demolition. 


5. Cooperate with the CONTRACTOR and the Subcontractors whose Work is in the same space; advise the 
CONTRACTOR of requirements.  Such spaces and clearances shall be to the size required. 


6. Coordinate Work with other utilities within Work site limits.  Notify applicable utilities in writing prior to 
commencing Work, if damage occurs, or if conflicts or emergencies arise during Work. 


B. Existing Equipment to be Reused:  Existing equipment (e.g., conduits, junction boxes, terminal boxes, equipment, 
devices, and instrumentation) to be reused shall be cleaned and repaired.  Cleaning plugs (pigs) and steel brushes 
shall be pulled through existing conduits to thoroughly clean the inside of the conduits.  Verify the mechanical integrity 
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of any existing raceway system intended to be reused and submit an evaluation report for each conduit to be reused 
with details on the cleaning to the ENGINEER. 


C. Load Balance: 
1. The Contract Documents indicate circuiting to electrical loads and distribution equipment.  Balance the electrical 


load between phases as nearly as possible on distribution equipment. 
2. When loads must be reconnected to different circuits to balance phase loads, obtain the ENGINEER’s approval, 


maintain accurate record of changes made, and provide a circuit directory that lists the final circuit arrangement. 
3. Service continuity:  Maintain continuity of electric service to functioning portions of the process or buildings during 


hours normally in use, generally 24 hours a day, 7 days a week.  Temporary outages will be permitted during 
cutover Work at such times and places as can be pre-arranged and scheduled with the OWNER and the 
ENGINEER.  Such outages shall be kept to a minimum number and length of time.  Remove temporary materials 
prior to the Substantial Completion date. 


1.5 SUBMITTALS 
A. Quality Assurance Submittals:  A written report on the condition of the conduits. 
B. Provide complete detailed submittals for temporary power. 
C. Submittals from other Sections and equipment shall not be combined. 
D. Include a complete itemized Bill of Material, including complete model number with options.  The Bill of Material shall 


be provided after the submittal table of contents and shall be in the format specified in Supplement A. 
E. Provide in quality, hard, 3-ring binders, fully indexed with permanent numbered tabbed Section dividers and 


sequentially numbered pages.  Section dividers with slide in paper tabs will not be accepted. 
F. Report to the ENGINEER submittal review comments in written format and include original review comment.  Provide 


documentation with responses in the resubmittal or as a supplemental information document on submittal dispositions 
of Final for Construction or Final for Construction as Corrected. 


G. Label submittals binders on front and ends/binds with a minimum of submittal number, Specification Section, 
Description, type of submittal, and date. 


H. Submittal drawings shall be 11-inch by 17-inch format and not folded. 
I. Include the complete Manufacturer’s descriptive information and Shop Drawings for equipment, material, and devices, 


including certified outline drawings, arrangement drawings, dimensional layout drawings, elementary (schematic) 
diagrams, interconnection and connection diagrams, literature, capacity, special features required, schematic 
(elementary) control diagrams, equipment schedules, and characteristic curves for protective devices in accordance 
with provisions elsewhere in the Contract Documents. 


J. Equipment, models, options, extraneous text, etc. not being furnished and that do not apply shall be neatly crossed 
out. 


K. No more than 2 Manufacturers of specified materials such as raceway systems, conductors, cables, etc. shall be 
provided and included in a submittal. 


L. An equipment Manufacturer certified letter stating that the equipment provided meets the site environmental 
conditions. 


M. Provide additional information listed under individual Section items.  Submittal information, including Shop Drawing 
submittals, shall be included in the O&M manuals. 


N. As-Built Drawings, including dimensioned locations of raceways, grounding, layout, equipment, and devices.  As-Builts 
shall legibly indicate number, size, tag numbers, and type of equipment, devices, conductors, and cables.  Where 
clarity of raceway locations cannot be established on floor plans, elevations shall be provided.  As-Built 
conduit/conductor schedules (including lengths), nameplates with exact text, schematic connection diagrams, control 
schematics, wiring diagrams, P&IDs, connection diagrams, etc. 


O. Provide a photo album of the complete construction of the Work. 
P. Provide complete submittals for temporary power and communications. 
Q. Submit electronically current As-Built Drawings, including conduit/conductor schedule and the photo album at 25%, 


50%, 75%, and 100% of the Final Completion date.  As-Built Drawings shall be provided in .pdf and .dwg formats.  
Photos shall be individually labeled with descriptions and dates and shall be in .jpg format. 
1. Drawings shall be provided in electronic media on standard IBM computer compatible Hi-Speed USB Flash Drives 


and in quality hard copy media.  AutoCAD Drawings shall be in accordance with DW Design Drafting Standards 
and shall include, but not be limited to, the Standards located online in DW’s CPPM: 
http://www.denverwater.org/DoingBusinesswithUs/EngineeringOverview/CapitalProjectsProceduresManual/ 


R. Supplements listed in this Section. 
1.6 QUALITY ASSURANCE 


A. General Requirements: 
1. Electrical Subcontractors shall provide documentation that includes the following information with the Bid Form at 


bid time: 
a. Subcontractors that will be used. 
b. Verification that the Electrical Subcontractor will provide and install raceways and conductors, including 


SECTION 27 00 00 which will be installed by the Electrical Subcontractor but provided, terminated, and 
tested by the Communications Subcontractors. 


c. A letter describing what is considered the most difficult electrical parts of the Work. 
d. Organization chart:  Showing the organizational structure for the company and this Project.  Identify key 


personnel who will be assigned to do the Work. 
e. Qualification of personnel: 


1) Provide resumes of management personnel and technical qualifications of the Project manager, the 
Project foreman, and all key personnel shown on the organizational chart. 
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2) Electrical Work shall be performed or supervised by an electrical foreman who is a Colorado Licensed 
Journeyman or Master Electrician.  The electrical foreman shall not be replaced without written notice to 
the ENGINEER except under extraordinary circumstances.  The ratio of electrical apprentices to 
Colorado Licensed Journeymen (or Masters) shall be no greater than 2:1. 


3) The Electrical Subcontractor shall submit current copies of Colorado Journeyman Electricians Licenses, 
Master Electricians Licenses, or Apprentice registration information/licenses, for all foreman, electricians 
and apprentices that perform Work. 


f. Provide a complete cost breakdown of, for all equipment, materials, and Work including quantities and pricing 
in sufficient detail to serve as the basis to be used in conjunction with the CLS for progress payments during 
construction.  Prices shall include an appropriate amount of overhead and profit. 


2. Submit documents required to obtain permits and pay fees required by the OWNER, the governmental agency 
having jurisdiction over the Work, and the authority having jurisdiction.  Arrange and notify the ENGINEER in 
writing of inspections required by the agencies.  Furnish satisfactory evidence to the ENGINEER that Work is 
acceptable to the regulatory authorities having jurisdiction. 


B. Responsibility: 
1. Equipment shall not exceed the sizes shown on the Contract Documents without written approval from the 


ENGINEER.  Costs incurred (structural analysis and modifications) due to an increase in equipment size shall be 
the responsibility of the CONTRACTOR. 


2. Complete systems in accordance with the Contract Documents. 
3. Coordinate the details of facility equipment and construction for Specification Divisions that affect the Work 


covered in the Contract Documents. 
4. Provide incidental items not actually shown on the Drawings or specified but which are required by good practice 


to provide complete functional systems. 
5. Complete electrical installation in accordance with the applicable codes, ordinances, and regulations including, 


but not limited to:  NFPA 70, NFPA 70B, NFPA 70E, and NECA 1. 
6. The exact fitting of materials and equipment shall be the responsibility of the CONTRACTOR. 


C. Intent of Drawings: 
1. Drawings typically show only general locations of structures, piping, equipment, devices, and raceways.  Properly 


route and install raceways, equipment, etc., and provide submittals and As-Built Drawings with locations of 
raceways and equipment. 


2. Enclosure sizes shown on the Drawings are the minimum acceptable size.  Provide enclosures sized for actual 
equipment to meet clearance, cooling, raceway interface, and equipment operation requirements. 


3. Control schematics and wiring diagrams: 
a. Controls are shown de-energized; valves and gates are shown closed. 
b. Control schematics and wiring diagrams show control function only.  Incorporate other necessary functions 


for proper operation and protection of the system. 
c. Add auxiliary relays, where required, to provide proper control system operation and interface. 
d. Devices shown on control schematics and wiring diagrams shall be in equipment enclosures. 
e. Conduits and conductors shall be provided for circuits indicated in new panelboard schedules. 


4. Overcurrent protection device sizes and types are estimated; provide and install the sizes and types required for 
the actual equipment ratings that are approved by the ENGINEER. 


1.7 SITE CONDITIONS 
A. Materials and equipment shall be designed and constructed for continuous operation, at rated current and voltage, at 


the Project elevation, 104°F ambient and 95% relative humidity.  The equipment Manufacturer shall submit a certified 
letter in the Shop Drawing submittal stating the equipment provided meets this requirement. 


B. Inspection: 
1. Drawings were developed from past As-Builts.  Prior to submitting bids, verify dimensions and existing conditions 


including, but not limited to, structures, equipment, devices, conduits, etc. 
2. Before submitting a bid, the CONTRACTOR is required to determine conditions at the site and at existing 


structures to become familiar with existing conditions and electrical systems that will, in any way or manner, affect 
the Work required under the Contract. No subsequent increase in Contract Price will be allowed for additional 
Work required because of the CONTRACTOR’s failure to fulfill this requirement. 


3. Carry out any Work involving the shutdown of the existing services to any piece of equipment now functioning in 
existing areas at such time as to provide the least amount of inconvenience to the OWNER.  Do such Work when 
approved by the ENGINEER. 


4. During pre-construction activities, confer with the ENGINEER to verify, at each area of construction activity, the 
location of existing utilities, equipment, and structures and the requirements for adequately protecting them.  Pay 
for required repairs if damage occurs during the Work. 


PART 2 PRODUCTS 
2.1 MATERIALS  


A. In accordance with provisions elsewhere in the Contract Documents, the Manufacturer’s names and catalog numbers 
stated herein are intended to indicate the type and quality of equipment or materials desired. 


B. Provide first quality, new materials and equipment, free from any defects, in first-class condition, and suitable for the 
space provided.  Provide materials and equipment listed by UL wherever standards have been established by that 
agency. 


C. Standard Products: 
1. Where 2 or more units of the same class of material or equipment are required, provide products of a single 


Manufacturer. 
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2. Provide materials and equipment that are the standard products of Manufacturers regularly engaged in the 
production of such materials and equipment.  Provide the latest standard design that conforms to the Contract 
Documents. 


D. Outdoor Equipment:  Provide equipment and devices to be installed outdoors or in unheated enclosures capable of 
continuous operation within an ambient temperature range of 0°F to 110°F. 


2.2 FINISHES 
A. Electrical and I&C equipment shall be provided with ANSI 61, light gray finish color. 


PART 3 EXECUTION 
3.1 GENERAL 


A. Install materials and equipment in a workmanlike manner utilizing craftsmen skilled and licensed in the electrical trade. 
Provide Work that has a neat and finished appearance. 


B. Coordinate electrical Work with the ENGINEER, the OWNER, EU, PU, and the Work of other trades to avoid conflicts, 
errors, delays, and unnecessary interference with operation of the plant during construction. 


C. Check the approximate locations of raceways, light fixtures, devices, equipment, and other electrical system 
components shown on the Drawings for conflicts with openings, structural members, and components of other 
systems and equipment having fixed locations.  In the event of conflicts, notify the ENGINEER in writing.  The 
ENGINEER’s decision shall govern.  Make modifications and changes required to correct conflicts. 


D. Cutting, Patching, and Drilling: 
1. Layout Work carefully in advance.  Do not cut or notch any structural member or building surface without specific 


approval of the ENGINEER.  Carefully carry out any cutting, channeling, chasing, or drilling of floors, walls, 
partitions, ceiling, paving, or other surfaces required for the installation, support, or anchorage of conduit, 
raceways, or other electrical materials and equipment.  Following such Work, restore surfaces neatly to original 
condition.  Use skilled craftsmen of the trades involved. 


2. Prior to core drilling or cutting existing structures, floors, walls, concrete slabs, etc., the proposed location shall be 
x-rayed, or by other ENGINEER-approved method, to ensure existing rebar, conduits, and utilities are not 
damaged.  Provide photos or layout drawings of rebar, conduits, and utilities in the areas x-rayed.  Repair existing 
damaged structures, conduits, and utilities. 


3.2 PREPARATION 
A. Temporary Power, Communications, Signals, and Telephone: 


1. Obtain permits, submit documents, and pay fees required for temporary power. 
2. Provide and install equipment and devices necessary to provide required temporary power, controls, and 


communications. 
3. Provide and install equipment and devices necessary to maintain power, controls, and communications to existing 


services and equipment. 
4. Provide and install equipment, materials, and devices required for temporary power including, but not limited to, 


overcurrent protection devices, disconnects, transformers, conduit, conductors, poles, overhead power lines, 
terminations, and distribution equipment. 


B. Demolition or Relocation of Materials and Equipment: 
1. Existing exposed raceways and raceway components that are not to be reused or reworked shall be demolished.  


Where existing raceways are embedded in building construction, they shall be cut flush with finished surfaces, 
plugged with a suitable and compatible plate, and abandoned in place.  Existing wiring shall be removed. 


2. Existing equipment, devices, materials, and components that are not to be reused or reworked shall be 
demolished.  Existing wiring and raceways shall be removed.  Demolished area surfaces shall be repaired and 
restored to new condition. 


3. Where required, the existing raceway system shall be matched and extended to new outlet or device locations as 
required or as shown on the Drawings.  In general, new raceways in finished areas shall be run concealed in 
building construction, above hung ceilings, in stud walls, etc. Obtain approval from the ENGINEER regarding the 
location and routing of any exposed raceways prior to installing the same. 


4. Where existing materials and equipment are removed or relocated, remove materials no longer used such as 
studs, straps, conduits, and wires.  Remove or cut off concealed or embedded conduit, boxes, or other materials 
and equipment to a point at least 3/4 inch below the final finished surface when directed by the ENGINEER. 
a. The OWNER reserves the right to salvage and retain removed electrical equipment.  Coordinate with facility 


personnel prior to disposing of any removed electrical equipment. 
5. Repair affected surfaces to conform to the type, quality, and finish of the surrounding surface in a neat and 


workmanlike manner.  Follow any specific instructions provided elsewhere in the Contract Documents.  Utilize 
skilled craftsmen of the trades involved. 


6. Demolition and temporary construction sequence: 
a. The temporary power, control, and communications installation and materials shall be pre-approved by the 


ENGINEER. 
b. Demolish electrical, I&C equipment, and materials in accordance with the Contract Documents or by the 


ENGINEER.  The ENGINEER will notify the CONTRACTOR of existing equipment and materials the OWNER 
wants salvaged and retained.  Equipment retained by the OWNER shall be protected from damage and 
delivered, FOB, to 1600 West 12th Ave, Denver, CO 80204 by the CONTRACTOR.  Equipment shall be 
separated only at original factory shipping split points. 


3.3 INSTALLATION 
A. Follow the Manufacturer’s installation instructions explicitly.  Wherever any conflict arises between the Manufacturer’s 


instructions, codes, and regulations, and the Contract Documents, follow the ENGINEER’s decision.  Keep a copy of 
the Manufacturer’s installation instructions on the jobsite and available for review. 
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B. Use appropriate conduit and conductor entry fittings with enclosures that maintain the specified enclosure 
environmental capability after proper installation. 


3.4 PROTECTION 
A. Protect enclosures and other equipment containing electrical and I&C devices, including spare parts, from corrosion 


using corrosion-inhibiting vapor capsules. 
B. Periodically replace capsules in accordance with the capsule Manufacturer's recommendations.  Replace capsules 


just prior to the Substantial Completion date. 
C. Provide protection for materials and equipment against loss or damage in accordance with provisions in the Contract 


Documents.  Follow the Manufacturer’s recommendations for storage.  Protect Work from the effects of weather.  Prior 
to installation, store all items in clean, dry, indoor locations.  Items subject to corrosion under damp conditions and 
items containing electrical insulation, such as equipment, transformers, conductors, motors, and controls shall be 
stored in heated locations.  Energize space heaters furnished with equipment.  Provide temporary heating, sufficient to 
prevent condensation in equipment, transformers, switchgear, switchboards, valve operators, motors, and motor 
control centers that do not have space heaters. 


D. Following installation, protect materials and equipment from corrosion, physical damage, and the effects of moisture 
on insulation.  When equipment intended for indoor installation is installed at the CONTRACTOR’s convenience in 
areas where it is subject to dampness, moisture, dirt, or other adverse atmosphere until the Final Completion date, 
ensure that adequate protection is provided that is acceptable to the ENGINEER.  Cap conduit runs during 
construction with manufactured seals.  Keep openings in boxes or equipment closed during construction.  Energize 
space heaters furnished with equipment. 


E. Protect existing equipment and facilities during construction from dirt, dust, moisture, and temperature conditions 
detrimental to equipment.  This shall include, but not be limited to, protection of the facility floors with plywood or other 
ENGINEER-approved method. 


3.5 QUALITY CONTROL 
A. Inspection:  Allow materials, equipment, and workmanship to be inspected at any time by the ENGINEER.  Correct 


Work, materials, or equipment not in accordance with the Contract Documents or that is found to be deficient or 
defective in a manner satisfactory to the ENGINEER. 


B. Tests: 
1. Carry out tests specified hereinafter and as specified in other Sections. 
2. After the electrical system’s installation is complete and at the time coordinated with the ENGINEER, perform an 


electrical system operating test for approval.  Demonstrate that equipment operates in accordance with the 
requirements of the Contract Documents.  Demonstrate that protective functions are operating properly and are 
properly incorporated in control and distribution system operation.  Perform the test in the presence of the 
ENGINEER.  Furnish instruments and personnel required for the tests. 


3. Voltage: 
a. When the installation is essentially complete and the facility is in operation, check the voltage at electrical 


distribution equipment.  Check voltage amplitude and balance between phases for loaded and unloaded 
conditions. 


b. Record the voltage and balance between phases (all 3 phases simultaneous on the same graph) for one day 
(during a normal working day).  Submit the recording with a letter of transmittal to the ENGINEER within 10 
days of the date the test. 


c. If an unbalance exceeds 3% or if the voltage varies throughout the day and from loaded to unloaded 
conditions more than ±5% of nominal, determine the cause of the problem and submit it in writing to the 
ENGINEER. 


4. Equipment line current:  Check the line current in each phase for each piece of equipment.  If any phase current in 
any piece of equipment is above the rated nameplate current, determine the cause of the problem and submit it in 
writing to the ENGINEER. 


3.6 STARTUP 
A. Provide skilled craftsmen to checkout, troubleshoot, and startup various systems.  Be available and coordinate with 


other crafts to checkout, troubleshoot, and startup various systems.  Be available outside normal working hours when 
necessary. 


3.7 CLEANING 
A. Clean debris, dirt, dust, etc. from equipment. 
B. Keep the premises free from the accumulation of waste material or rubbish.  Remove materials, scraps, and debris 


from the premises and from the interior and exterior of devices and equipment.  Touch up scratches, scrapes, or chips 
in interior and exterior surfaces of devices and equipment with finishes matching as nearly as possible the type, color, 
and consistency of the surface of the original finish.  If extensive damage to equipment paint surfaces occurs, refinish 
the entire piece of equipment in a manner that provides a finish equal to or better than the factory finish, that meets 
the requirements of the Contract Documents, and that is acceptable to the ENGINEER. 


3.8 ADJUSTING 
A. Motor Rotation:  After final service connections are made, check and correct the rotation of motors.  Coordinate 


rotation checks with the ENGINEER and the CONTRACTOR responsible for the driven equipment. 
3.9 SUPPLEMENTS 


A. Supplement A:  Bill of Material Format Example 
END OF SECTION
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EXAMPLE BILL OF MATERIAL 
WTP Generators 1 & 2 


Contract #:  -- 
Project Tracker #:  -- 


Submittal #:  -- 
 


Equipment/ 
Specification: Item Qty. Description Manufacturer Complete Manufacturer 


Part No. (with all options): 
DW Device 
Abbrev/Tag 


26 00 10    Control & Protection Equipment       
-2.1 1 1  GPS Basler BE1-GPS100-E3N1H1N GPS2 


-2.2 2 4  OPS Basler BE1-951-E3N1H5N 
OPSL, OPSR, OPSG, 


OPS2 


-2.4 
3 5  Sync-Check relay (25SC) Basler BE1-25 M1FA6PA5R6F 


25SCL, 25SCR, 
25SCG, 25SCL2, 


25SCG2 
-2.6 4 1  Line voltage over/under relay (27/59A) Basler BE1-700 N3N2X7N 27/59L2 
-2.7 5 1  Low Power Relay (37G) Basler BE3-37-3E1A2 37GA 
-2.8 6 3  Power Transducer Yokogawa 2469-32-330-AHD-1 VTDL2, VTDG2, VTDB 
-2.9 7   Control Switches Electroswitch   GCP1, GCP2 


-2.9 8   Control Switches, LOR Electroswitch 7805D 
86L1, 86R1, 86G1, 


86L2, 86G2 
-2.10 9   Test Blocks GE   GCP1, GCP2 
-2.10 10   Test Plugs GE   GCP1, GCP2 


  11 2  Generator Control System Woodward EasyGen 2000 GCP1, GCP2 


  12 2  
Genset control for multiple unit operation 
(EasyGen 3200), P1 option and 5A CT inputs Woodward 8440-2050 GCP1, GCP2 


  13 2  DPG Programming Kit Woodward 8447-1003 G2 
  14 1  Digital speed controller Woodward DPG-2401-002 G2 


-2.9 15 5  
Lock out relay, 4-decks (16 sets of contacts), 
lights Electroswitch 78PB04D 


86L1, 86R1, 86G1, 
86L2, 86G2 


-2.9 16 2  Switch, breaker control Electroswitch 2438D GCP1, GCP2 
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SECTION 26 05 13 
MEDIUM-VOLTAGE CABLES 


PART 1 GENERAL 
1.1 SUMMARY 


A. Section includes general information, products, and execution for medium-voltage cables. 
B. Related Sections: 


1. SECTION 26 00 10 – COMMON WORK RESULTS FOR ELECTRICAL 
1.2 REFERENCES 


A. American National Standards Institute (ANSI): 
1. C37.20 – Switchgear Assemblies And Metal-Enclosed Bus 
2. C119.1 – Electric Connectors-Sealed Insulated Underground Connector Systems Rated 600 Volts 


B. American National Standards Institute/InterNational Electrical Testing Association (ANSI/NETA): 
1. Standard for Acceptance Testing Specifications for Electrical Power Equipment and Systems (ATS) 


C. Association of Edison Illuminating Companies (AEIC): 
1. CS8 – Specification for Extruded Dielectric, Shielded Power Cables Rated 5 through 46 kV 


D. ASTM International (ASTM): 
1. B 496 – Standard Specification for Compact Round Concentric-Lay-Stranded Copper Conductors 


E. Institute of Electrical and Electronics Engineers (IEEE): 
1. 48 – Standard for Test Procedures and Requirements for Alternating-Current Cable Terminations Used on 


Shielded Cables Having Laminated Insulation Rated 2.5 kV through 765 kV or Extruded Insulation Rated 2.5 kV 
through 500 kV 


2. 400 – Guide for Field Testing and Evaluation of the Insulation of Shielded Power Cable Systems Rated 5 kV and 
Above 


3. 400.3 – Guide for Partial Discharge Testing of Shielded Power Cable Systems in a Field Environment 
4. 404 – Standard for Extruded and Laminated Dielectric Shielded Cable Joints Rated 2.5 kV to 500 kV 
5. 1202 – Standard for Flame-Propagation Testing of Wire and Cable - Corrigendum 1 


F. Insulated Cable Engineers Association/National Electrical Manufacturers Association (ICEA/NEMA): 
1. S-68-516/NEMA WC8 – Ethylene-Propylene-Rubber-Insulated Wires and Cable 


G. Underwriters Laboratories (UL): 
1. 486A/486B – Standard for Wire Connectors  
2. 1072 – Standard for Medium-Voltage Power Cables 


1.3 DEFINITIONS 
A. As specified in SECTION 26 00 10. 


1.4 SUBMITTALS 
A. Shop Drawings: 


1. Manufacturer's literature: 
a. Cable descriptive product information. 
b. Cable accessories descriptive product information. 
c. Wiring systems descriptive product information. 
d. Wire systems rating information. 
e. Wire systems dimensional drawings. 
f. Wire systems special fittings. 


2. Method and equipment for installing conductors. 
3. Cable identification spreadsheet (in .xls/.xlsx format) and As-Built Drawings of cable in hard copy and electronic 


formats; spreadsheet cell columns shall include: 
a. Conductor/conduit number. 
b. Complete conductor and cable circuit identification. 
c. Source end. 
d. Source terminal (device, terminal, line/phase). 
e. Load end. 
f. Load terminal (device, terminal, line/phase). 


4. Conduit/conductor schedule spreadsheet (in .xls/.xlsx format) and As-Built Drawings of cable in hard copy and 
electronic formats, include: 
a. Approximate cable lengths. 
b. Cable samples with cable marking system identification. 


5. Pulling tension calculations and sidewall pressure calculations: 
a. Submit for approval before raceway installation. 
b. Show that maximum tension will not exceed the Manufacturer’s recommendations. 
c. For cables and conductors larger than #2 AWG and pulling lengths longer than 100 feet. 
d. For cables and conductor sizes for pulling lengths longer than 200 feet. 


B. Quality Control Submittals: 
1. Testing related submittals. 
2. O&M manuals: 


a. Shop Drawing submittal information. 
b. Factory and field certified test reports. 
c. Final As-Built conduit/conductor schedule with exact lengths. 
d. Certified warranty documentation. 
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e. Final As-Built identification cable spreadsheet (in .xls/.xlsx format) and As-Built Drawings of cable in hard copy 
and electronic formats. 


f. Final As-Built conduit/conductor schedule spreadsheet (in .xls/.xlsx format) and As-Built Drawings of cable in 
hard copy and electronic formats, include exact cable lengths. 


C. Warranty Documentation: 
1. Sample warranty. 
2. Warranty. 
3. As specified in SECTION 26 00 10. 


1.5 QUALITY ASSURANCE 
A. The medium-voltage cable Manufacturer shall have a minimum of 10 years of experience in manufacturing 


medium-voltage cables; cable shall be made in the USA. 
B. UL Compliance:  Materials manufactured within the scope of UL shall conform to UL Standards and have an applied 


UL listing mark. 
C. The Manufacturer shall have available for audit detailed descriptions of the method by which the various manufacturing 


processes and production test are recorded, thus enabling the traceability of the completed cable.  Steps in the 
manufacturing process, from receipt of raw material to the final tests, shall be included.  Where multiple records are 
used, the method for cross-referencing shall be noted. 


D. Terminating shall be performed by electricians having at least 80 hours of formal training and a minimum of 5 years of 
field experience in the Work of this Section. 


1.6 DELIVERY, STORAGE, AND HANDLING 
A. Check for reels not completely restrained, reels with interlocking flanges or broken flanges, damaged reel covering, or 


any other indication of damage.  Do not drop reels. 
B. Unload reels using a sling and spreader bar.  Roll reels in the direction of the arrows shown on the reel and on 


surfaces free of obstructions that could damage the cable. 
C. Store cable on a solid, well-drained location.  Unjacketed armored cable shall be stored indoors.  Cover cable reels 


with plastic sheeting or tarpaulin. Do not lay reels flat. 
D. Seal cable ends with heat-shrinkable end caps.  Do not remove end caps until cables are ready to be terminated. 


1.7 SITE CONDITIONS 
A. Materials and equipment shall be designed and manufactured for continuous operation, at rated current, at Project 


elevation, 104°F ambient and 95% relative humidity. 
1.8 WARRANTY 


A. Warranty for 20 year from the Substantial Completion date for the satisfactory performance and installation of the 
medium-voltage cables system and associated appurtenances. 


PART 2 PRODUCTS 
2.1 APPROVED MANUFACTURERS: 


A. Cable: 
1. General Cable 
2. Okonite  


B. Cable Termination and Splicing Material: 
1. 3M Corp. 
2. Elastimold 
3. Raychem 


C. Pulling Compounds: 
1. Cable Grip Co. 
2. Ideal Company 
3. Polywater, Inc. 


D. Cable-To-Bus Bar Connection Kits: 
1. Raychem Corp., Type HVBC 


E. Cable End Caps – Heat-Shrinkable Polyolefin: 
1. 3M Corp., Type ICEC 


F. Electrical Grounding Braid: 
1. 3M Corp. 
2. Scotchbrand 25 


G. Cable Phase Identification: 
1. 3M Corp. 
2. Scotch 35 Tape 


H. Cable Ties: 
1. Thomas & Betts, Ty-Rap UV-Resistant Nylon 6.6 


2.2 MATERIALS 
A. The Manufacturer’s name, voltage class, type of insulation, thickness of insulation, conductor size, UL listing, and date 


of manufacture shall be printed on the jacket. 
B. Cables shall be suitable for use in partially submerged wet locations, in nonmetallic or metallic conduits, underground 


duct systems, and direct-buried installation. 
C. Cables shall be able to operate continuously at 105°C conductor temperature, with an emergency rating of 140°C and 


a short circuit rating of 250°C.  Emergency overloads shall be possible within the lifetime of the cable. 
D. Cable shall be UL listed as Type MV-105 and UV-resistant in accordance with UL 1072. 
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E. Medium-voltage cables shall have the following physical characteristics: 
1. Conductors:  Annealed copper, Class B concentric lay, stranded in accordance with ASTM B 496. 
2. EPR insulated cable shall meet or exceed ICEA S-68-516/NEMA WC 8 and AEIC CS 8. 


a. Insulation:  Thermosetting EPR compound over an extruded, non-conducting high dielectric stress control 
layer, with a semi-conducting shield applied directly over the primary insulation.  The base elastomer shall 
have a maximum ethylene content of 72% by weight.  The semi-conducting layers and insulation shall be 
applied using a triple extrusion process. 


F. Cable Rating and Type: 
1. 5 kV cable: 


a. Cable type:  EPR Single conductor shielded MV-105. 
b. Insulation level:  5 kV – 133%, 8 kV – 100%, 95 kV BIL. 
c. Insulation shield:  Thermoset semi-conducting polymeric layer free stripping insulation shield shall consist of a 


layer of black material extruded directly over the insulation. 
d. Shield:  Metallic 5 mil annealed copper tape with a 25% overlap. 
e. Jacket:  CPE. 
f. Operating voltage:  4.16 kV, 3-phase, 60 Hz, high-resistance grounded distribution system. 


G. Pulling Compound:  Non-toxic, nonflammable, noncombustible, and noncorrosive.  The material shall be UL listed and 
compatible with the cable insulation and the jacket. 


H. Cable Identification: 
1. Medium-voltage cables in EHH and manholes shall be wrapped in high voltage warning tape. 
2. Cable identification tags shall be secured by cable ties. 
3. Identify each medium-voltage cable with a tag at terminations, splices, EHHs, manholes, and pullboxes. 


a. Assign a cable name where the load end shall be the originating location. 
1) Examples: 


a) 52L1-TB3-1A/MPT1-TB-X1 where: 
52L1 = Load end equipment 
TB3 = Device (terminal block) in load end equipment 
1A = Device termination point, usually line/phase 
MPT1 = Source end equipment 
TB = Device (terminal block) in source end equipment, if applicable 
X1 = Device termination point or line/phase 


b. Parallel cables shall be the same length and have the same tag. 
2.3 ACCESSORIES 


A. Cable: 
1. Material used in terminating and splicing medium-voltage cables shall be as recommended by the cable 


Manufacturer.  Cables shall be terminated and spliced in accordance with the kit Supplier’s drawings.  Cable 
splices shall be wrapped and shall meet or exceed the requirements of ANSI C119.1 and IEEE 404.  Cable slicing 
locations, methods, and materials shall be approved by the ENGINEER. 


2. Cable terminations shall meet or exceed the requirements of IEEE 48, Class I. 
3. Cable accessories shall be by one Manufacturer to assure adequate installer training and application assistance. 
4. The Manufacturer shall be able to document a minimum of 5 years successful field experience as well as 


demonstrating technical life assessment as requested.  The Manufacturer shall establish and document a quality 
assurance program implementing suitable procedures and controls for activities affecting quality.  The program 
shall provide documentation that verifies the quality of production joint kits and traceability back to inspection 
records, raw material, and the original designs and design proof tested joints. 


B. Heat-Shrinkable Bus Connection Kits: 
1. Bus kits shall be capable of insulating bus bars 2-inches to 6-inches wide and for connection of one to 4 cables.  


Kits shall electrically insulate and environmentally seal the connection and be easily re-enterable. 
2. Cable-to-bus bar connection kits shall be rated up to 15 kV class and tested in accordance with ANSI C37.20, 


Section 5.2.1.4 and Section 5.2.9. 
C. Cable Termination: 


1. Single conductor shielded cable terminations for indoor applications shall be one-piece, track-resistant EPDM 
rubber with top seal and ground strap assemblies. 


2. Termination shall have a current rating equal to or greater than the cable ampacity. 
3. Termination shall accommodate any form of cable shielding or construction without the need for special adapters. 


D. Lugs and Connectors:  Copper lugs and connectors shall be crimped with standard industry tooling.  Connections of 
copper stranded wire in size #6 AWG through 1,000 kcmil shall be made electrically and mechanically secured.  The 
lugs and connectors shall have a current carrying capacity equal to the conductors for which they are rated and be in 
accordance with UL 486A/486B.  Lugs larger than #4/0 AWG shall be 2-hole with NEMA spacing.  Lugs and 
connectors shall be rated for operation through 35 kV.  Lugs shall be of closed end construction to exclude moisture 
migration into the cable conductor. 


E. Electrical Grounding Braid:  Conducting metal braid shall be woven from 240 strands of #30 AWG tinned copper wires 
and be capable of carrying fault current comparable to that of #6 AWG copper wire. 


F. Cable Identification: 
1. A 7 mil, flame retardant, cold- and weather-resistant vinyl plastic electrical tape shall be used for phase 


identification. 
2. Secured by PP, plenum rated, UV-resistant cable ties. 
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PART 3 EXECUTION 
3.1 GENERAL 


A. Determine the cutting lengths, reel arrangements, and total lengths of cable required.  Provide this data to the cable 
Manufacturer as soon as possible to assure on-time delivery of the cable. 


B. Parallel power conductors shall be of equal length. 
C. Make use of the field engineering services available from the cable Manufacturer. 


3.2 INSTALLATION 
A. Cable Installation: 


1. When ambient temperature is below 50°F, cable reels shall be stored at 70°F for at least one day before 
installation. 


2. Do not exceed the Manufacturer’s recommendations for maximum pulling tensions and minimum bending radii. 
3. Pull cables from the direction that requires the least tension. 
4. Feed cables into raceway with zero tension and without cable crossover at raceway entrance. 


B. Terminating: 
1. Cables shall be terminated with stress cones. 
2. Cables shall be installed without splices. 
3. The Work area shall be kept warm, dry, and ventilated during cable splicing and terminating. 
4. Prepare cables in accordance with splice or termination kit Manufacturer’s installation details. 
5. Bond cable shield at each terminal location. 
6. Insulate and seal each cable-to-bus termination with heat-shrinkable bus connector kits. 


C. Electric Arc and Fire Proofing:  In EHHs, manholes, pullboxes, cable trays, and exposed locations where threat of fire 
exists or communicated fault can occur, wrap medium-voltage cables with one half-lapped layer of Scotch Brand 77 
Electric Arc and Fireproofing Tape.  Tape shall be secured with a 2 layer band of Scotch Brand 69 Glass Electrical 
Tape over the last wrap. 


D. Marking and Identification: 
1. Medium-voltage feeders in each EHH and manhole shall be wrapped in high voltage warning tape. 
2. Plastic nameplates shall be installed in each EHH, manhole, pullbox, and at splice and terminating points.  These 


nameplates shall show the phase and feeder designations and the date when the cable was installed or when the 
splice or termination was made. 


3.3 QUALITY CONTROL 
A. Shop Testing: 


1. Perform the Manufacturer’s standard production testing and inspection in accordance with Section 6 of ICEA 
S-68-516/NEMA WC8.  If requested by the ENGINEER, the Manufacturer shall submit certified proof of 
compliance with ICEA design and test standards. 


2. Provide certified test reports indicating that the cable has passed the following tests: 
a. Partial corona discharge test in accordance with AEIC CS8, Section G. 
b. Vertical tray flame test in accordance with IEEE 1202. 


3. After completion of the factory tests, individual pulling eyes shall be installed on a single or triplexed conductor 
length of cable.  Pulling eyes shall be suitable for maximum allowable pulling tension on the conductors and shall 
be sealed against the entrance of water. 


B. Field Testing: 
1. Visual and mechanical inspection: 


a. Inspect each individual exposed power cable for: 
1) Physical damage. 
2) Proper connections in accordance with single-line diagram. 
3) Cable bends not in conformance with Manufacturer's minimum allowable bending radius, where 


applicable. 
4) Color coding in accordance with the Contract Documents. 
5) Proper circuit identification. 


b. Inspect mechanical connections for: 
1) Proper lug type for conductor material. 
2) Proper lug installation. 
3) Bolt torque level in accordance with ANSI/NETA ATS, unless otherwise specified by Manufacturer. 


c. Inspect shielded instrumentation cables for: 
1) Proper shield grounding. 
2) Proper terminations. 
3) Proper circuit identification. 


2. Equipment testing and inspection shall be performed in accordance with ANSI/NETA ATS and shall include: 
a. Shield continuity test. 
b. Insulation resistance test. 
c. DC Hipot test in accordance with IEEE 400. 
d. Partial Discharge Testing in accordance with IEEE 400.3. 


3. Submit certified copies of the test results and leakage plots to the ENGINEER within 5 days of completion of the 
tests. 


4. Immediately notify the ENGINEER and do not energize the cables if any of the following conditions occur: 
a. Cable damage. 
b. Improper installation and grounding. 
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c. Shield discontinuity or high resistance. 
d. Dielectric absorption ratio and polarization index below 1.5. 
e. Abnormal plot of leakage current versus voltage. 


5. Defective and damaged cables: 
a. The ENGINEER shall make the sole determination of the acceptability of the cables based on the submitted 


test reports.  Do not energize cables until the test reports have been reviewed and approved by the 
ENGINEER. 


b. If, in the opinion of the ENGINEER, the cables or terminations are determined to be damaged or defective, 
provide the following remedial actions at no additional cost: 
1) Remove terminations and completely retest the cables to determine whether the cables are damaged or 


defective. 
2) Remove and replace damaged or defective cables as directed by the ENGINEER. 
3) Remake terminations with new kits. 
4) Completely retest cable and terminations. 


END OF SECTION 
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SECTION 26 05 19 
LOW-VOLTAGE CONDUCTORS 


PART 1 GENERAL 
1.1 SUMMARY 


A. Section includes general information, products, and execution for low-voltage conductors. 
B. Related Sections: 


1. SECTION 26 00 10 – COMMON WORK RESULTS FOR ELECTRICAL 
1.2 REFERENCES 


A. American National Standards Institute/InterNational Electrical Testing Association (ANSI/NETA): 
1. Standard for Acceptance Testing Specifications for Electrical Power Equipment and Systems (ATS) 


B. ASTM International (ASTM): 
1. B 8 – Standard Specification for Concentric-Lay-Stranded Copper Conductors, Hard, Medium-Hard, or Soft 


C. Institute of Electrical and Electronics Engineers (IEEE): 
1. 118 – Standard Test code for Resistance Measurement 
2. 383 – Standard for Qualifying Class 1E Electric Cables and Field Splices for Nuclear Power Generating Stations 


D. Insulated Cable Engineer’s Association and National Electrical Manufacturers' Association (ICEA/NEMA): 
1. S-73-532/ WC 57 – Standard for Control, Thermocouple Extension, and Instrument Cables 
2. S-95-658/ WC 70 – Power Cables Rated 2000 Volts or Less for the Distribution of Electrical Energy  


E. International Organization for Standardization (ISO): 
1. 9001 – Quality Management Systems – Requirements 


F. National Electrical Contractors Association (NECA): 
1. 1 – Standard for Good Workmanship in Electrical Construction 


G. National Electrical Manufacturers Association (NEMA): 
1. CC 1 – Electric Power Connection for Substations 


H. National Fire Protection Association (NFPA): 
1. 70 – National Electrical Code (NEC) 


I. Underwriters Laboratories, Inc. (UL): 
1. 13 – Standard for Power-Limited Circuit Cables 
2. 44 – Standard for Thermoset-Insulated Wires and Cables 
3. 62 – Standard for Flexible Cord and Fixture Wire 
4. 486A/486B – Standard for Wire Connectors  
5. 510 – Standard for  Polyvinyl Chloride, Polyethylene and Rubber Insulating Tape 
6. 854 – Standard for Service-Entrance Cables 
7. 1277 – Standard for Electrical Power and Control Tray Cables with Optional Optical-Fiber Members 
8. 1581 – Reference Standard for Electrical Wires, Cables, and Flexible Cords 
9. 1681 – Standard for Wiring Device Configurations 


1.3 DEFINITIONS 
A. As specified in SECTION 26 00 10. 


1.4 SUBMITTALS 
A. Shop Drawings: 


1. Itemized Bill of Material. 
2. Manufacturer's literature: 


a. Wire and cable descriptive product information. 
b. Wire and cable accessories descriptive product information. 
c. Wiring systems descriptive product information. 
d. Wire systems rating information. 
e. Wire systems dimensional drawings. 
f. Wire systems special fittings. 


3. Conductor spreadsheet (in .xls/.xlsx format) and drawings of conductor and cable field interconnection in hard 
copy and electronic formats. Spreadsheet cell columns shall include: 
a. Conductor/conduit number. 
b. Complete conductor and cable circuit identification. 
c. Source end. 
d. Source terminal (device, terminal, wire number). 
e. Load end. 
f. Load terminal (device, terminal, wire number). 


4. Conduit/conductor schedule spreadsheet (in .xls/.xlsx format) and As-Built Drawings of cable in hard copy and 
electronic formats, include: 
a. Approximate cable lengths. 
b. Cable samples with cable marking system identification. 


5. Sample of conductors and cables with identification tags. 
6. Method and equipment for installing conductors. 
7. Connection types and locations. 
8. Provide conductor and cable tag and identification labels in field interconnection drawings for systems, cables, 


and conductors. 
9. Pulling tension calculations: 


a. Submit for approval before raceway installation. 
b. Show that the maximum tension will not exceed the Manufacturer’s recommendations. 
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c. For cables and conductors larger than #2/0 AWG and pulling lengths longer than 100 feet. 
d. For cable and conductor sizes for pulling lengths longer than 200 feet. 
e. Fiber cable pulling calculations for pulling lengths longer than 100 feet. 


10. Busway: 
a. Complete Bill of Materials and descriptive product information. 
b. Drawings:  Complete plan, elevation, and isometric of busway and equipment, busway transitions to 


equipment, and busway support system. 
B. Quality Control Submittals: 


1. Testing related submittals. 
2. O&M manuals: 


a. Shop Drawing information. 
b. Factory and field certified test reports. 
c. Final As-Built conduit/conductor schedule with exact lengths. 
d. Fiber optic power meter test results. 
e. Fiber optic OTDR test results. 
f. A detailed map showing fiber optic network with numerical and color assignment to each fiber strand and 


termination panel. 
g. Final As-Built Drawings of the busway. 


C. Warranty Documentation: 
1. Sample warranty. 
2. Warranty. 


1.5 QUALITY ASSURANCE 
A. Equipment Manufacturer Qualifications:  A minimum of 10 years of documented experience in the Work of this 


Section.  
B. UL Compliance:  Materials manufactured within the scope of UL shall conform to UL Standards and have an applied 


UL listing mark. 
C. The Manufacturer shall provide a certificate of ISO 9001 compliance. 


1.6 SITE CONDITIONS 
A. Materials and equipment shall be designed and constructed for continuous operation, at rated current, at Project 


elevation, 104°F ambient and 95% relative humidity. 
1.7 WARRANTY 


A. Warranty for one year from the Substantial Completion date for the satisfactory performance and installation of the 
low-voltage conductors system and associated appurtenances. 


PART 2 PRODUCTS 
2.1 APPROVED MANUFACTURERS 


A. Pulling Compound: 
1. Ideal Co.; Yellow 77 
2. Polywater, Inc. 


B. 600 V Rated Cable: 
1. Type 1: 


a. General Cable 
b. Lake Cable 
c. Okonite Co. 
d. Omni Cable 


2. Type 2: 
a. General Cable 
b. Lake Cable 
c. Okonite Co. 
d. Omni Cable 


3. Type 3: 
a. Belden 1118A 
b. General 247620 
c. Lake V162S 


4. Type 4: 
a. Belden 1119A 
b. General 261160 
c. Lake V163S 


5. Type 5: 
a. Belden 1055A, 1039A, 1041A, 1042A, 1043A, 1044A, 1045A 
b. General 237180, 237160, 235750, 242870, 237130, 277820, 242860 
c. Lake V164SPOS 


6. Type 6: 
a. Belden 3064A, 1093A, 1094A, 1095A, 3066A, 1096A 
b. Lake V1812STOS 


C. Conductors 600 V and Below: 
1. Tape: 


a. Scotch; Brand 77 with Scotch Brand 69 glass cloth tapebinder 
b. Plymount; Plyarc 30 with Plymount Plyglas glass cloth tapebinder 
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2. Identification devices for conductors 600 V and below: 
a. Burndy, Insulink 
b. ILSCO 
c. Thomas & Betts, Sta-Kon 


3. Nylon, insulated, heavy duty, ring connectors: 
a. Burndy, Insulink 
b. ILSCO 
c. Thomas & Betts, Sta-Kon 


4. Cable lugs: 
a. Insulated, locking-fork, compression lugs: 


1) ILSCO, ILSCONS 
2) Thomas & Betts, Sta-Kon 


b. Uninsulated crimp connectors and terminators: 
1) ILSCO 
2) Square D, Versitide 
3) Thomas & Betts, Color-Keyed 


c. Uninsulated, bolted, 2-way connectors and terminators: 
1) Burndy, Quiklug 
2) ILSCO 
3) Thomas & Betts, Locktite 


5. Cable ties:  Nylon, adjustable, self-locking, reusable, and plenum rated: 
a. Thomas & Betts, TY-RAP 


6. Heat-shrinkable insulation:  Thermally stabilized, cross-linked polyolefin: 
a. Thomas & Betts, SHRINK-KON 


D. Communications Cable: 
1. CAT-6E: 


a. Belden, 7927 
b. Systimax, PowerSum 2061 


2. Data cable (RS-485): 
a. Belden, 3107A 


E. Busway: 
1. Eaton 
2. GE, Spectra Series 
3. Square D 


2.2 MATERIALS 
A. Pulling Compound: 


1. Non-toxic, noncorrosive, noncombustible, nonflammable, wax-based lubricant; UL listed. 
2. Suitable for rubber, neoprene, PVC, PE, hypalon, CPE, and lead-covered wire and cable. 
3. Suitable for zinc-coated steel, aluminum, PVC, bituminized fiber, and fiberglass raceways. 


B. Conductors 600 V and Below: 
1. In accordance with ICEA/NEMA S-95-658/WC 70; conductors shall be rated 600 V. 
2. Conductor Type: 


a. 120 V and 277 V lighting, #10 AWG and smaller:  Solid copper. 
b. 120 V receptacle circuits, #10 AWG and smaller:  Solid copper. 
c. Other circuits:  Stranded copper. 


3. Insulation:  Type XHHW-2. 
4. Flexible cords and cables: 


a. Use only where indicated in the Contract Documents. 
b. Type SOW-A with EPR insulation in accordance with UL 62. 
c. In accordance with ICEA/NEMA S-95-658/WC 70. 


C. 600 V Rated Cable: 
1. Conductors for general wiring: 


a. Type:  TC, in accordance with UL 1277, including vertical tray flame test at 20,000 Btu/hr, and NFPA 70, 
Article 340, or UL 13 in accordance with NFPA 70, Article 725. 


b. Permanently and legibly marked with the Manufacturer's name, maximum working voltage for which cable 
was tested, type of cable, and UL listing mark. 


c. Suitable for installation in open air, in cable trays, or conduit. 
d. Minimum temperature rating:  90°C dry locations; 75°C wet locations. 
e. Overall outer jacket:  Flame retardant, UV-resistant and oil-resistant. 
f. Color code: 


1) Smaller than #8 AWG:  ICEA Method 1, Table E-2. 
2) #8 AWG and larger:  ICEA Method 4. 


2. Type 1 – XLP/CPE multi-conductor control and power cable: 
a. Conductors: 


1) Class B stranded, tinned, soft copper conforming to Part 2 of ICEA. 
2) Insulation:  XKP with CPE jacket. 
3) Insulation thickness:  30 mil. 
4) #14 AWG through #10 AWG, 7-strand. 
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5) UL 1277 listed as Type XHHW-2 rated VW-1, wet or dry locations, 90ºC. 
6) Flame resistance rated UL 1581, VW-1. 
7) Conductor group bound with spiral wrap of barrier tape. 


b. Individual conductors and complete cables shall be tested in accordance with UL requirements for TC power 
and control tray cables having XHHW-2, VW-1 insulated conductors, and ICEA/NEMA S-73-532/WC 57. 


c. Cable:  Passes the ribbon burner cable tray flame test requirements in accordance with UL and IEEE 383. 
3. Type 2 – FREP/CPE multi-conductor power cable: 


a. Conductors: 
1) In accordance with ICEA/NEMA S-73-532/WC 57. 
2) Class B stranded, tinned, soft copper in accordance with Part 2 of ICEA/NEMA S-95-658/WC 70. 
3) Insulation:  Flame retardant EPR, with CPE jacket. 
4) Insulation thickness:  30 mil. 
5) #14 AWG through #10 AWG, 7-strand. 
6) UL 1277 listed as Type XHHW-2 rated VW-1, wet or dry locations 90ºC. 
7) Conductor group bound with spiral wrap of barrier tape. 


b. Individual conductors and complete cables shall be tested in accordance with UL requirements for TC power 
and control tray cables having XHHW-2, VW-1 insulated conductors, and ICEA/NEMA S-95-658/WC 70. 


c. Cable assembly is UL 1581/ UL 1681 VF flame resistance rated. 
4. Type 3 – #16 AWG, twisted, shielded pair, instrumentation cable:  Single pair, designed for noise rejection for 


process control, computer, or data log applications in accordance with ICEA/NEMA S-73-532/WC 57. 
a. Outer jacket:  45 mil nominal thickness. 
b. Individual pair shield:  1.35 mil, double-faced aluminum/synthetic polymer overlapped to provide 100% 


coverage. 
c. Dimension:  0.3-inch nominal OD. 
d. Conductors: 


1) Bare, soft, annealed copper, Class B, 7-strand concentric, in accordance with ASTM B 8. 
2) #18 AWG, 7-strand tinned copper drain wire. 
3) Insulation:  15 mil nominal PVC. 
4) Jacket:  4 mil nominal nylon. 
5) Color code:  Pair conductors black and red. 


5. Type 4 – #16 AWG, twisted, shielded triad instrumentation cable:  Single triad, designed for noise rejection for 
process control, computer, or data log applications in accordance with ICEA/NEMA S-73-532/WC 57. 
a. Outer jacket:  45 mil. 
b. Individual pair shield:  1.35 mil, double-faced aluminum/synthetic polymer, overlapped to provide 100% 


coverage. 
c. Dimension:  0.32-inch nominal OD. 
d. Cable assembly is UL 1581/UL 1681 VF flame resistance rated. 
e. Conductors: 


1) Bare, soft, annealed copper, Class B, 7-strand concentric, in accordance with ASTM B 8. 
2) #18 AWG, 7-strand, tinned copper drain wire. 
3) Insulation:  15 mil nominal PVC. 
4) Jacket:  4 mil nylon. 
5) Color code:  ICEA Method 1, Table E-2, triad conductors black, red, and blue. 


6. Type 5 – #16 AWG, multi-twisted, shielded pairs with a common, overall shield instrumentation cable: Designed 
for use as instrumentation, process control, and computer cable, in accordance with ICEA/NEMA S-73-532/WC 
57: 
a. Cable assembly is 1581/UL 1681 flame resistance rated. 
b. Conductors: 


1) Bare, soft, annealed copper, Class B, 7-strand concentric, in accordance with ASTM B 8. 
2) Tinned copper drain wires. 
3) Pair drain wire size #18 AWG; group drain wire size #16 AWG. 
4) Insulation:  15 mil PVC. 
5) Jacket:  4 mil nylon. 
6) Color code:  ICEA Method 1, Table E-1, pair conductors black and white with conductors numerically 


printed for group identification. 
7) Individual pair shield:  1.35 mil, double-faced aluminum/synthetic polymer. 
8) 600 V, 90°C rating. 


c. Cable shield:  2.35 mil, double-faced aluminum/synthetic polymer, overlapped for 100% coverage. 
d. Cable sizes: 


 
No. of Pairs Maximum Outside Diameter (inches) Nominal Jacket Thickness (mils) 


2 0.584 45 
4 0.600 60 
8 0.760 60 


12 0.935 60 
16 1.07 80 
20 1.175 80 
24 1.350 80 
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7. Type 6 – #18 AWG, multi-twisted, shielded triads with a common, overall shield instrumentation cable: Designed 


for use as instrumentation, process control, and computer cable, in accordance with ICEA/NEMA S-73-532/WC 
57: 
a. Conductors: 


1) Bare, soft, annealed copper, Class B, 7-strand concentric, in accordance with ASTM B 8. 
2) Tinned copper drain wires. 
3) Pair drain wire size #20 AWG, group drain wire size #18 AWG. 
4) Insulation:  PVC/nylon. 
5) Jacket:  PVC. 
6) Color code:  ICEA Method 1, Table E-1, pair conductors black, white, and red with conductors 


numerically printed for group identification. 
7) Individual pair shield:  100% coverage, aluminum foil-polyester tape. 
8) 600 V rating. 


b. Cable shield:  100% coverage, aluminum foil-polyester tape. 
c. Cable sizes: 


 
No. of Triads Estimated Maximum Outside 


Diameter (inches) 
Estimated Nominal 


Jacket Thickness (mils) 
2 0.493 48 
4 0.577 63 
8 0.745 63 


12 0.944 84 
16 1.046 84 
24 1.284 84 


 
D. Grounding Conductors: 


1. Equipment:  Stranded copper with green, Type XHHW-2, insulation. 
2. Direct-buried:  Bare, stranded copper, hand-drawn, minimum #4/0 AWG. 


E. Communications Cable: 
1. CAT-6E: 


a. Telephone and data cable shall be industrial Ethernet cable with the following features: 
1) Four twisted pairs shielded, #24 AWG solid bare, annealed copper conductors. 
2) Insulation:  Polyolefin. 
3) Outer jacket:  Industrial grade PVC. 
4) Suitable applications:  Industrial Ethernet cable, harsh environments, 100 MHz CAT-6E, RJ-45 


compatible, noisy environments, 100BaseTX. 
5) Each cable shall be labeled in visible locations at both ends using the materials and nomenclature 


specified. 
2. Data cable (RS-485): 


a. Data cable shall have the following features: 
1) Two twisted pairs, overall 100% shielded, #22 AWG stranded, tinned copper conductors. 
2) Each cable shall be labeled in visible locations at both ends using the materials and nomenclature 


specified. 
F. Busway: 


1. Provide a totally enclosed low impedance busway system with all necessary fittings, power takeoffs, hanging 
devices, and accessories.  The busway shall have dead-front hinged cover type plug outlets positioned for feeders 
to the MCC. 


2. Rated 3,000 amperes continuous, 3-phase, 4-wire, 600 V, internal ground.  The minimum available short-circuit 
current at the input end shall be 65,000 amperes rms symmetrical. 


3. Components: 
a. Busway housing shall be extruded aluminum for maximum protection against corrosion from water and other 


contaminants normally encountered during construction.  Housing shall be totally enclosed for protection 
against mechanical damage and dust accumulation.  Hardware shall be plated to prevent corrosion. 


b. Bus bar insulation material shall be epoxy NEMA Class B, 130°C.  Insulation shall be UL rated as 
self-extinguishing and shall be impervious to acids, alkalis, acetones, machine oils and lubricants commonly 
found in industrial environments.  The Manufacturer shall provide test data documenting the insulation's 
impact resistance, chemical resistance, and expected life of 50 years. 


c. Busway shall be rated as indicated in the Contract Documents. 
d. Bus bars shall be copper: 


1) Copper bus bars shall be tin-plated. 
2) Temperature rise at any point in the busway shall not exceed 55°C above ambient when operating at 


rated load current. 
4. Hanger system:  Horizontal busway runs shall be UL listed to hang on 10 foot centers in any position.  Horizontal 


busway runs shall have support hangers a maximum of 5 feet apart.  Vertical busway riser runs shall be 
supported with spring hangers as shown on the Drawings and as recommended by the Manufacturer. 
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5. Joints shall have ±1/2 inch adjustability and be the one-bolt removable type.  Joints shall be able to be made from 
one side when the busway is installed against a wall or ceiling.  Plug-in and feeder shall use identical parts.  
Multi-stacks shall be phase collected. 


6. Plug-in busway shall be identical to feeder construction and performance except it shall have dead-front hinged 
cover type plug outlets positioned for feeders to the VFDs, and the MCC1.  Outlets shall be usable 
simultaneously. 


7. Plug-in unit safety device: 
a. Busway plugs shall be of the types and rating listed in the Contract Documents.  Switching devices shall be 


completely enclosed in a sheet steel housing. 
b. Shields shall protect stabs and ground plug body before stabs make contact.  A grounding terminal shall be 


inside plug body and shielding to prevent access to live parts when the cover is open.  A ground stab shall 
engage the ground tab on the busway and internal ground bus shall be provided when required. 


c. The cover and operating handle shall have provision to padlock in the off position.  The operating handle 
shall be easily moved from end to side or vice versa. 


d. A releasable cover interlock shall prevent the opening of the cover except when the switch is off. 
e. Operating switch type plugs shall have a positive quick-make, quick-break interrupter.  Circuit breaker plugs 


shall have true rms electronic sensing and an interrupting rating of at least 65,000 amperes rms, with 
interchangeable rating plugs. 


8. Testing:  Each busway item shall pass a dielectric withstand test of 5,000 VDC for 5 seconds. 
9. Finish:  ANSI 61 gray enamel. 


2.3 ACCESSORIES  
A. Conductors 600 V and Below: 


1. Tape: 
a. General purpose, flame retardant:  7 mil, vinyl plastic, Scotch Brand 33, rated for 90°C minimum, in 


accordance with UL 510. 
b. Flame retardant, cold- and weather-resistant:  8.5 mil, vinyl plastic, Scotch Brand 88. 
c. Arc and fireproofing:  30 mil, elastomer. 


2. Identification devices: 
a. Sleeve:  White identification heat-shrink sleeves with legible, machine printed, permanent black ink letters 


and numbers; figures shall be a minimum of 1/8-inch high. 
b. Tag:  Round phenolic white surface with black core engraved tags matching conduit tags dimensions secured 


by PPE, plenum rated, UV-resistant, cable ties, Thomas & Betts Ty-Rap UV-Resistant Nylon 6.6. 
c. Grounding conductor:  Permanent green heat-shrink sleeve, 2-inch minimum. 


3. Connectors and terminations:  Nylon, insulated, heavy duty, ring connectors. 
4. Cable lugs: 


a. In accordance with NEMA CC 1. 
b. Rated 600 V of the same material as the conductor metal. 


B. Busway: 
1. Furnish nameplates for each device as shown on the Drawings.  Color schemes shall be as shown on the 


Drawings. 
2. Thermal expansion fittings for: 


a. Runs longer than 150 feet when busway is not free to move at ends of run. 
b. When busway run crosses building expansion joint. 
c. Reducer cubicles and special adapter cubicles as shown on the Drawings. 


PART 3 EXECUTION 
3.1 GENERAL 


A. Conductor installation shall be in accordance with NECA 1. 
B. Conductor and cable sizing shown on the Drawings is based on copper conductors. 
C. Do not exceed the cable Manufacturer's recommendations for maximum pulling tensions and minimum bending radii. 
D. Parallel power conductors shall be of equal length. 
E. Tighten screws and terminal bolts in accordance with UL 486A/486B for copper conductors. 
F. Provide cable lugs with the correct number of holes, bolt size, and center-to-center spacing as required by equipment 


terminals. 
G. Bundling:  Where single conductors and cables in equipment, panels, terminal boxes, wireways, and other locations 


are not wrapped together by some other means, bundle conductors from each conduit throughout their exposed length 
with cable ties placed at intervals not exceeding 12 inches on center. 


H. Ream, remove burrs, and clear the interior of installed conduit before pulling wires or cables. 
I. Concrete-Encased Raceway Installation:  Prior to the installation of conductors, pull a mandrel approximately 1/4 inch 


smaller than the inside diameter of the raceway through each raceway. 
3.2 PREPARATION 


A. Busway: 
1. Verify that busways are ready to install. 
2. Verify field measurements are as shown on the Drawings and as instructed by the Manufacturer. 
3. Verify that required utilities are available, in proper location, and ready for use. 
4. Beginning of installation means the installer accepts conditions. 
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3.3 INSTALLATION 
A. Power Conductor Color Coding: 


1. #6 AWG and larger:  Apply general purpose, flame retardant tape at each end, and at accessible locations 
wrapped at least 6 full overlapping turns, covering an area 1 1/2-inches to 2-inches wide. 


2. #8 AWG and smaller:  Provide colored conductors. 
3. Colors: 


 
System Conductor Color 
All Systems Equipment Grounding Green 
240/120 V 
Single-Phase, 3-Wire 


Grounded Neutral 
One Hot Leg 
Other Hot Leg 


White 
Black 
Red 


208Y/120 V 
3-Phase, 4-Wire 


Grounded Neutral 
Phase A 
Phase B 
Phase C 


White 
Black 
Red 
Blue 


480Y/277 V 
3-Phase, 4-Wire 


Grounded Neutral 
Phase A 
Phase B 
Phase C 


Gray 
Brown 
Orange 
Yellow 


Note:  Phase A, B, C implies direction of positive phase rotation 
 


4. Tracer:  Outer covering of white with an identifiable colored strip other than green in accordance with NFPA 70. 
B. Circuit Identification: 


1. Identify power, instrumentation, control, communications, security, SCADA and fire alarm, cables, and conductors 
at each termination, splice, EHH, and manhole. 
a. Assign a circuit name where the load end shall be originating location. 


1) Examples: 
a) 52-2-TB-48-21/GCP-NGT-XXX where: 


52-2 = Load end equipment 
TB = Device (terminal block) in load end equipment 
48-21 = Device terminal (normally the same as wire number) 
GCP = Source end equipment 
NGT = Device (terminal block) in source end equipment 
XXX = Device terminal, if different than wire number 


b. Conductors and cables that are in parallel or in series between equipment shall have the same circuit name.  
Terminal/conductor numbers shall be the same as the terminal to which it connects. 


2. Method: 
a. Conductors #3 AWG and smaller cables with small conductors:  Identification sleeves shall be sized to fit the 


conductor insulation and shrunk to fit the conductor with hot air. 
b. Cables, and conductors #2 AWG and larger fiber optic cables:  Each cable and conductor identification tag 


shall be secured by cable ties. 
c. Taped-on markers or tags relying on adhesives are not permitted. 
d. Provide conductor and cable tag and identification labels in field interconnection drawings for all systems, 


cables, and conductors. 
C. Conductors 600 V and Below: 


1. Do not splice incoming service conductors and branch power distribution conductors #8 AWG and larger unless 
shown on the Drawings or approved by the ENGINEER. 


2. Connections and terminations: 
a. Install wire nuts only on solid conductors of 120 V and 277 V lighting and 120 V receptacle circuits only. 
b. Install nylon self-insulated crimp connectors and terminators for instrumentation, control, and power circuit 


conductors #6 AWG and smaller. 
c. Install uninsulated crimp connectors and terminators for instrumentation, control, and power circuit 


conductors #4 AWG through #2/0 AWG. 
d. Install uninsulated, bolted, 2-way connectors and terminators for power circuit conductors #4/0 AWG and 


larger. 
e. Install uninsulated, bolted, 2-way connectors for motor circuit conductors No. 12 and larger. 
f. Tape insulate uninsulated connections. 
g. Place no more than one conductor in any single-barrel pressure connection. 
h. Install crimp connectors with tools approved by the connector Manufacturer. 
i. Install terminals and connectors acceptable for the type of material used. 
j. Compression lugs: 


1) Attach compression lugs with a tool specifically designed for that purpose. 
2) The tool shall provide complete, controlled crimp and shall not release until crimp is complete. 
3) Do not use plier type crimpers. 


3. Do not use soldered mechanical joints. 
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4. Splices and terminations: 
a. Indoors:  Use general purpose, flame retardant tape. 
b. Outdoors:  Use flame retardant, cold- and weather-resistant tape. 


5. Cap spare conductors and cables with UL listed end caps. 
6. Cabinets, panels, and motor control centers: 


a. Remove surplus wire; bridle and secure. 
b. Where conductors pass through openings or over edges in sheet metal, remove burrs, chamfer edges, and 


install bushings and protective strips of insulating material to protect the conductors. 
7. Control and instrumentation wiring: 


a. Where terminals provided will accept such lugs, terminate control and instrumentation wiring, except solid 
thermocouple leads, with insulated, locking-fork compression lugs. 


b. Terminate with methods consistent with the terminals provided, and in accordance with the terminal 
Manufacturer's instructions. 


c. Locate splices in readily accessible cabinets or junction boxes using terminal strips. 
d. Cable protection: 


1) Install individual wires, pairs, or triads into bundles at least 1/2-inch in diameter. 
2) Maintain integrity of shielding of instrumentation cables. 
3) Ensure grounds do not occur because of damage to jacket over the shield. 


8. Extra conductor length:  For conductors to be connected by others, install a minimum of 6 feet of extra conductor 
in freestanding panels and a minimum of 2 feet in other assemblies. 


9. Busway: 
a. Install in accordance with the Manufacturer's instructions. 
b. Install required safety labels. 


3.4 CLEANING: 
A. Busway: 


1. Clean the interiors of switchboards, panels, and separate enclosures to remove construction debris, dirt, and 
shipping materials. 


2. Repaint scratched or marred exterior surfaces to match the original finish. 
3.5 ADJUSTING: 


A. Busway: 
1. Adjust circuit breakers, switches, access doors, and operating handles for free mechanical and electrical 


operation as described in Manufacturer's instructions. 
2. Adjust circuit breaker trip and time delay settings to the values specified by the coordination study. 


3.6 QUALITY CONTROL 
A. Conductors 600 V and Below:  Test in accordance with UL 44 and UL 854. 
B. Visual and Mechanical Inspection: 


1. Inspect each individual exposed power cable for: 
a. Physical damage. 
b. Proper connections in accordance with the single-line diagram. 
c. Cable bends not in conformance with Manufacturer's minimum allowable bending radius, where applicable. 
d. Color coding conformance with specifications. 
e. Proper circuit identification. 


2. Inspect mechanical connections for: 
a. Proper lug type for conductor material. 
b. Proper lug installation. 
c. Bolt torque level in accordance with ANSI/NETA ATS. 


3. Inspect shielded instrumentation cables for: 
a. Proper shield grounding. 
b. Proper terminations. 
c. Proper circuit identification. 


4. Inspect Control cables for: 
a. Proper termination. 
b. Proper circuit identification. 


5. Cables terminated through window type CTs:  Verify that neutrals and grounds are terminated for correct 
operation of protective devices. 


C. Electrical Tests for Conductors No. 6 and Larger: 
1. Insulation resistance tests: 


a. Utilize 1,000 VDC megohmmeter for 600 V insulated conductors. 
b. Test each conductor with respect to ground and to adjacent conductors in accordance with IEEE 118 


procedures for one minute. 
c. Evaluate ohmic values by comparison with conductors of same length and type. 
d. Investigate values less than 50 megohms. 


2. Continuity test by ohmmeter method to ensure proper cable connections. 
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D. Busway: 
1. Inspect installed busways for anchoring, alignment, grounding, and physical damage. 
2. Check the tightness of all accessible mechanical and electrical connections with a calibrated torque wrench.  The 


minimum acceptable values are specified in the Manufacturer's instructions. 
3. Megger busways using 2,500 VDC Megger.  Check phase to phase, phase to ground.  Individual lengths should 


be at least 3 megohms.  Entire run should be at least one megohm.  Divide runs over 100 feet long. 
END OF SECTION 
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SECTION 26 05 26 
GROUNDING AND BONDING 


PART 1 GENERAL 
1.1 SUMMARY 


A. Section includes general information, products, and execution for grounding and bonding. 
B. Related Sections: 


1. SECTION 26 00 10 – COMMON WORK RESULTS FOR ELECTRICAL 
2. SECTION 26 05 19 – LOW VOLTAGE CONDUCTORS 


1.2 REFERENCES 
A. American National Standards Institute (ANSI): 


1. C2 – National Electrical Safety Code 
B. Institute of Electrical and Electronics Engineers (IEEE): 


1. 81 – Guide for Measuring Earth Resistivity, Ground Impedance, and Earth Surface Potentials of a Grounding 
System 


C. National Fire Protection Association (NFPA): 
1. 70 – National Electrical Code (NEC) 


D. Underwriters Laboratories (UL): 
1. 467 – Grounding and Bonding Equipment 


1.3 DEFINITIONS 
A. As specified in SECTION 26 00 10. 


1.4 SUBMITTALS 
A. Product Data: 


1. Exothermic weld connectors: 
a. Installation manual for the exothermic process used. 
b. A copy of training certifications for installers. 


2. Ground rods. 
B. Shop Drawings: 


1. Itemized Bill of Material. 
2. Descriptive information. 
3. Ground grid and ground system layout drawings shall include: 


a. Dimensioned locations and depths. 
b. Connection types and locations. 
c. Ground enhancement materials Manufacturer’s literature and installation instructions. 


4. Compression connectors:  Compression tools including die details. 
5. Mechanical connectors. 


C. Quality Control Submittals: 
1. Testing related submittals. 
2. O&M manuals: 


a. Shop Drawing submittal information. 
b. Final As-Built Drawings, schedules, lists, and photographs in hard copy and electronic media. 
c. Factory and field certified test reports. 


D. Warranty Documentation: 
1. Sample warranty. 
2. Warranty. 


1.5 QUALITY ASSURANCE 
A. Manufacturer Qualifications:  A minimum of 10 years of documented experience in the Work of this Section. 
B. UL Compliance:  Materials manufactured within scope of UL shall conform to UL Standards and have an applied 


UL listing mark. 
1.6 SITE CONDITIONS 


A. Materials and equipment shall be designed and constructed for continuous operation, at rated current, at Project 
elevation, 104°F ambient and 95% relative humidity. 


1.7 WARRANTY 
A. Warranty for one year from the Substantial Completion date for the satisfactory performance and installation of the 


grounding and bonding system and associated appurtenances. 
PART 2 PRODUCTS 
2.1 APPROVED MANUFACTURERS: 


A. Connectors – Exothermic Weld Type: 
1. Cadweld 
2. Cadweld Exolon 
3. Erico Products, Inc. 


B. Connectors – Compression Type: 
1. Burndy Corp. 


C. Connectors – Mechanical Type: 
1. Burndy Corp. 
2. Thomas and Betts Co. 


D. Ground Enhancing Materials: 
1. Erico Products, Inc. 
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E. Ground Rods: 
1. Erico Products, Inc. 


2.2 MATERIALS 
A. Ground Rod: 


1. Material:  Copper-clad steel. 
2. Diameter:  Minimum 3/4-inch. 
3. Length:  10-feet. 


B. Ground Conductors:  As specified in SECTION 26 05 19. 
C. Connectors: 


1. Exothermic weld type: 
a. Outdoor weld:  Suitable for exposure to elements or direct burial. 
b. Indoor weld:  Utilize low-smoke, low-emission process. 
c. Current carrying capacity greater than or equal to that of the conductor. 
d. Permanent molecular bond that will not loosen, corrode, or deteriorate. 


2. Compression type: 
a. Compress-deforming type; wrought copper extrusion material. 
b. Manufactured of high copper alloy specifically for the particular grounding application. 
c. Suitable for direct burial in earth and concrete. 
d. Identifying compression die number inscription shall be impressed on compression fitting. 
e. Single indentation for conductors #6 AWG and smaller. 
f. Double indentation with extended barrel for conductors #4 AWG and larger. 
g. Barrels pre-filled with oxide-inhibiting and anti-seizing compound and sealed. 


3. Mechanical type: 
a. Split-bolt, saddle, or cone screw type only when approved by the ENGINEER. 
b. Copper alloy material. 


4. Ground enhancing materials: 
a. Ground enhancement material in its set form shall have a resistivity of not more than 2 ohm-cm. 
b. Ground enhancement material shall be permanent and maintenance-free, no recharging with salts or 


chemicals which may be corrosive, and maintain its earth resistance with time.  It shall set up firmly and not 
dissolve, decompose, or otherwise pollute the soil or the local water table. 


c. The ground enhancement material shall be suitable for installation in a dry or slurry form. 
d. The ground enhancement material shall not depend on the continuous presence of water to maintain its 


conductivity. 
PART 3 EXECUTION 
3.1 GENERAL 


A. The main ground electrode system resistance to ground shall be no greater than 5 ohms.  Install additional ground 
cable and ground rod electrodes to achieve specified resistance to ground. 


B. Grounding shall be in accordance with NFPA 70 and ANSI C2. 
C. Provide and extend existing grounding grid as shown on the Drawings.  Provide individual ground pigtails for 


equipment and bonding as shown on the Drawings. 
D. Ground cable shall have a minimum cover of 30 inches below finished grade. 
E. Ground cable near the base of a structure shall be installed no closer than 24 inches to the structure. 
F. Ground cable through exterior walls shall be prepared with a waterstop that shall include filling the space between the 


strands with solder and soldering a 12-inch copper disc over the cable. 
G. Exposed ground cables shall be securely fastened every 36 inches at a minimum, utilizing fasteners with corrosion 


resistance equal to that of the conductor. 
H. Ground electrical service neutral at service entrance equipment to the existing ground grid. 
I. Ground each separately derived system neutral to ground grid. 
J. Bond together system neutrals, service equipment enclosures, exposed noncurrent-carrying metal parts of electrical 


equipment, metal raceways, ground conductor in raceways and cables, receptacle ground connections, and metal 
piping systems. 


K. Connections between dissimilar metals shall be made with tinned copper or tinned bronze equipment. 
L. Provide a separate, green insulated, grounding conductor in each raceway independent of raceway material: 


1. Multi-conductor power and control cables shall include an integral green insulated grounding conductor. 
2. Provide a separate grounding conductor in each individual raceway for parallel feeders. 


M. Ductbanks: 
1. Provide a bare copper grounding conductor the entire length of each ductbank, embedded in the concrete of the 


ductbank. 
2. Bond ductbank ground conductors together in each EHH or where ductbanks join, merge, intersect, or split. 


N. Shielded Instrumentation Cables: 
1. Ground shield to ground bus at power supply for analog signal. 
2. Expose shield a minimum of one inch at termination to field instrument and apply heat-shrink tube. 
3. Do not ground instrumentation cable shield at more than one point.  The grounding point shall be at the control 


panel or at the power source end of the signal carried by the cable. 
3.2 INSTALLATION 


A. Wire Connections: 
1. Install ground conductors in conduit containing power conductors and control circuits. 
2. Connect ground conductors to raceway grounding bushings. 
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3. Extend and connect ground conductors to ground bus in equipment containing a ground bus. 
4. Connect the enclosure of equipment containing ground bus to that bus. 
5. Bolt connections to equipment ground bus.  Cable connections to bus bar shall be made with compression 


one-hole or 2-hole lugs. 
6. Bond grounding conductors to metallic enclosures at each end and to intermediate metallic enclosures. 
7. Furnish junction box materials and connect to the equipment grounding system. 
8. Ground conductors on equipment shall be formed to the contour of the equipment and firmly supported. 
9. Ground connection hardware, bolts, and nuts shall be in accordance with UL 467, high-strength, high-conductivity 


copper alloy. 
B. Motor Grounding:  Extend equipment ground bus by grounding conductor installed in motor feeder raceway; connect 


to motor frame. 
C. Ground Rods: 


1. Install full length with conductor connection at upper end. 
2. Install with connection point below finished grade. 
3. Conductor connection shall be exothermic weld. 


D. Connections: 
1. General: 


a. Above grade connections:  Exothermic weld type or compression type where approved by the ENGINEER. 
b. Below grade connections, splices, and joints:  Exothermic weld type. 
c. Connections, splices, and joints that will be inaccessible upon completion of construction:  Exothermic weld 


type. 
d. Remove paint, dirt, moisture, or other surface coverings at connection points to allow good metal-to-metal 


contact. 
e. Notify the ENGINEER prior to concealing or covering ground connections.  Do not conceal or cover ground 


connections until the ENGINEER or the authorized representative has approved the ground connections. 
2. Exothermic weld type: 


a. Wire brush or file the contact point to bare metal surface. 
b. Use welding cartridges and molds in accordance with the Manufacturer's recommendations. 
c. Avoid using badly worn molds. 
d. Molds shall be completely filled with metal when making welds. 
e. After completed welds have cooled, remove slag from the weld area and thoroughly clean the joint. 


3. Compression type: 
a. Install in accordance with the connector Manufacturer's recommendations. 
b. Install connectors of proper size for grounding conductors specified. 
c. Install using the connector Manufacturer's compression tool having properly sized dies. 


4. Mechanical type: 
a. Apply a homogeneous blend of colloidal copper and rust and corrosion inhibitor before making the 


connection. 
b. Install in accordance with the connector Manufacturer's recommendations. 
c. Mechanical connections shall not be concealed. 
d. Use only when approved by the ENGINEER. 


E. Metal Structure Grounding: 
1. Bond electrical and I&C equipment supported by metal platforms to the platforms.  Bond metal platforms or steps 


to the grounding grid. 
2. Provide electrical contact between metal frames and railings supporting push button stations, receptacles, 


instruments, control panels, and raceways carrying circuits to these devices. 
3. The following shall be permanently and effectively bonded to the ground grid with a #6 AWG copper conductor:  


Equipment, enclosures, metallic structures, metal sheathing, exposed metal vertical structures, stairs, railings, 
hand rails, fences, fence/wall poles, gates, door frames, window frames, tanks, vessels, skids, etc. 


F. EHH, Manhole, and Vault Grounding: 
1. Make connections of grounding conductors fully visible and accessible, with exothermic weld. 
2. Connect noncurrent-carrying metal parts, hatches, stairs, and any metallic raceway grounding bushings with 


#6 AWG copper conductor. 
G. Transformer Grounding: 


1. Bond neutrals of transformers within buildings to the system ground network and to any additional grounding 
electrodes shown on the Drawings. 


2. Bond neutrals of pad-mounted transformers to 4 locally driven ground rods and buried ground wire encircling 
transformer and system ground network. 


H. Surge Protection Equipment Grounding:  Connect surge arrestor ground terminals to equipment ground bus. 
3.3 QUALITY CONTROL 


A. Visual and Mechanical Inspection: 
1. Inspect equipment and circuit grounds in switchgear, motor control centers, and panelboards assemblies for 


proper connection and tightness. 
2. Inspect ground bus connections in switchgear, motor control centers, and panelboards assemblies for proper 


termination and tightness. 
3. Ensure effective transformer core and equipment grounding. 
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B. Electrical Tests: 
1. Fall-of-potential test: 


a. In accordance with IEEE 81 for measurement of main ground system resistance. 
b. Main ground electrode system resistance to ground shall be no greater than 5 ohms. 


2. Two-point direct method test: 
a. In accordance with IEEE 81 for measurement of ground resistance between main ground system, equipment 


frames, and system neutral and derived neutral points. 
b. Equipment ground resistance shall not exceed main ground system resistance by 0.50 ohm. 


3. Verify and measure high resistance system ground connection to the ground grid. 
END OF SECTION 
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SECTION 26 42 00 
COMMON WORK RESULTS FOR CATHODIC PROTECTION 


PART 1 GENERAL 
1.1 SUMMARY 


A. Section includes general information, products, and execution for common work results for cathodic protection. 
1.2 REFERENCES 


A. ASTM International (ASTM): 
1. B 26 – Standard Specification for Aluminum-Alloy Sand Castings 


B. Denver Water (DW): 
1. Engineering Standards, MS-12 – Cast Iron Valve Boxes 


C. Department of Transportation (DOT): 
1. AC 150/5320-6E – Airport Pavement Design and Evaluation 


D. Federal Communications Commission (FCC): 
1. Rule Part 15 – Radio Frequency Devices 


E. Military Standard: 
1. Mil. Spec. H-6008F – Heat Treatment of Aluminum-Alloy 


F. National Association of Corrosion Engineers (NACE): 
1. RP0104 – The Use of Coupons for Cathodic Protection Monitoring Application 
2. SP0169 – Standard Practice, Control of External Corrosion on Underground or Submerged Metallic Piping 


Systems 
3. SP0286 – Standard Practice, Electrical Isolation of Cathodically Protected Pipelines 


G. Occupational Safety and Health Administration (OSHA): 
1. 1910.252 (a) – Welding, Cutting, and Brazing 


1.3 DEFINITIONS 
A. Active Column of Deep Anode Groundbed:  The portion of groundbed that discharges current; consists of anodes and 


coke breeze. 
B. Cathodic Protection:  The electrical method of reducing or eliminating corrosion by making previous anodic areas on 


the structure surface a cathode by creating a DC current flow to the structure by use of a cathodic protection system. 
C. Cathodic Protection Criteria:  In accordance with NACE SP0169. 
D. Cathodic Protection Systems: 


1. Galvanic anode system:  Galvanic anode material, magnesium or zinc, which naturally corrodes or sacrifices itself 
and does not require an outside power source. 


2. Impressed current system:  Utilizes an outside power source, a rectifier that converts AC to DC current, and forces 
(impresses) current from a number of anodes (or groundbed) through the environment to the structure to be 
protected. 


E. Coke Breeze:  Low resistance, calcined petroleum, electrically conductive material. 
F. Deep Anode Groundbed: 


1. Cathodic protection impressed current groundbed that is installed in a drilled hole at a prescribed depth from the 
structure being cathodically protected to achieve electrical remoteness. 


2. Anodes and coke breeze are installed in the lower portion, active column; high resistant or sealing material is 
installed in the top section of the drilled hole, inactive column. 


G. Electrically Continuous Pipeline:  Linear electrical resistance equal to or less than the sum of the resistance of the pipe 
plus the maximum allowable bond resistance for each joint as specified in this Section. 


H. Electrical Isolation:  The condition of being electrically isolated from other metallic structures and the environment in 
accordance with NACE SP0286. 


I. Ferrous or Metallic Pipe:  Pipe or structure made of steel or iron alloys and pipe or structure containing steel or iron as 
a principal structural material (e.g., steel, DI, and CI). 


J. Functional and Performance Testing: 
1. Testing that is necessary to demonstrate that the installed equipment and systems function as specified and 


operate in the manner intended. 
2. Functional testing is a prerequisite to performance testing for equipment and systems that are specified to have a 


performance test. 
K. ICCP:  An impressed current cathodic protection installation location consisting of rectifier, groundbed, and anode 


terminal box. 
L. Inactive Column of Deep Anode Groundbed:  The portion of groundbed that does not discharge current; consists of the 


gravel fill, casing, and grout or concrete seal above the active column. 
M. Lead, Lead Wires, Joint Bond, and Cable:  Insulated copper conductor, the same as wire. 
N. Local Authority:  City, State, or County authority having jurisdiction. 
O. Manufacturer’s Representative:  An employee of the Manufacturer who is factory trained and knowledgeable in the 


technical aspects of their products and systems. 
P. Other Utility-Owned:  Buried pipe or cable not specifically owned or operated by the OWNER. 
Q. Raceways:  Conduit, plastic or metal pipe, or EMT for the casing of electrical or cathodic protection cables. 
R. Structure-to-Reference Electrode Potential or Structure-to-Reference Electrode Voltage:  The difference in voltage, 


potential, between the subject metallic structure and the electrolyte in which it is buried or submerged, as measured to 
the standard specified reference electrode placed in contact with the electrolyte. 
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1.4 SUBMITTALS 
A. Product Data:  The Manufacturer’s catalog data for materials, include the Manufacturer’s name and provide sufficient 


information to show that materials meet the requirements of the Contract Documents. 
B. Shop Drawings:  Drawings and computations prepared by or under the direct supervision of a Senior Corrosion 


Technologist or higher. 
1. Drawings shall be provided in electronic media on standard IBM computer compatible Hi-Speed USB Flash Drives 


and in quality hard copy media.  AutoCAD Drawings shall follow DW Design Drafting Standards and shall include, 
but not be limited to, the following Standards: 
a. Drawings shall be on the Standard DW title block (provided electronically by DW). 
b. DW Standard line colors and weights. 
c. DW Standard text size and scale. 
d. Other Standards shall be approved by DW’s Design Drafting Supervisor. 


C. Quality Control Submittals: 
1. Senior Corrosion Technologist qualifications: 


a. Provide name and contact information. 
b. Currently certified by NACE. 
c. A minimum of 10 years of documented experience in corrosion control. 
d. Attend progress meetings as required. 


2. Certificates of compliance:  Components of test stations. 
3. Progress checklists and results with a narrative. 
4. Testing data conducted by a Senior Corrosion Technologist shall be provided 2 weeks prior to the Substantial 


Completion date and include: 
a. The locations of testing (stationing). 
b. Changes, modifications, and alterations from the Drawings. 
c. Comments relative to the Work. 
d. Failures and defects. 
e. Retesting information. 


5. Certificate of training completion from FreeWave. 
6. Cover styles prototype test report. 
7. Submit the intermittent test reports within 10 days of testing. 
8. Documentation from an independent testing agency that the pit covers meet the specified load rating. 


D. Warranty Documentation: 
1. Sample warranty. 
2. Warranty. 


1.5 QUALITY ASSURANCE 
A. Senior Corrosion Technologist: 


1. Visit the site for testing and specification compliance verification bi-weekly at a minimum.  The frequency of visits 
may vary as agreed with the ENGINEER. 


2. Complete the Contractor Corrosion Prevention Project Progress Checklist and submit results with a narrative to 
the ENGINEER. 


B. Test/bond station locations: 
1. Locations shown on Drawings are approximate. 
2. Determine exact locations by field conditions, non-interference with other utilities, or mechanical and structural 


features. 
3. Note existing utilities in the area and avoid damage to utilities. 
4. Repair damage to utilities to the satisfaction of the ENGINEER and other utility owners at the CONTRACTOR’s 


expense. 
C. Materials fabrication and installation are subject to inspection and testing by the ENGINEER. 
D. Hot Work Permit Program in accordance with OSHA 1910.252 (a) shall be established and in place prior to exothermic 


welding. 
1.6 WARRANTY 


A. Warranty for one year from the Substantial Completion date for the satisfactory performance and installation of the 
cathodic protection system and associated appurtenances. 


PART 2 PRODUCTS 
2.1 APPROVED MANUFACTURERS 


A. Flush Mount Test/Bond Station: 
1. Valve box top and lid:  In accordance with DW Engineering Standard MS-12 


B. DIA Flush Mount Test/Bond Stations: 
1. Cavotec Dabico US, Inc., DAB-9-CPE-4-24D, Open Bottom, 4200391-D9 Door Water Cathodic Lid  


C. Permanent Reference Electrodes, Lead Wire: 
1. Farwest Corrosion Control, SP-150 
2. Borin, Stelth 2 
3. Borin, Stelth 7 IR Free 


D. Remote Monitoring Test/Bond Station: 
1. FreeWave Technologies, Inc., Models, FGRCP and FGR2CP 
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E. Exothermic Weld Equipment: 
1. Cadweld 
2. Erico Products, Inc. 


F. Exothermic Weld Caps: 
1. Royston Handy Cap IP for #10 AWG and smaller wire connections 
2. Royston Handy Cap XL IP for #8 AWG wire and larger 


G. Over-Voltage Protection: 
1. Dairyland PCR 


2.2 MATERIALS 
A. Flush Mount Test/Bond Station: 


1. Include test wires, valve box top, valve box lid, exothermic weld wire to structure attachment, and applicable 
structure coating repair. 


2. Test wires: 
a. Description: 


1) For test stations:  Single-conductor #12 AWG solid wire with Type TW or THWN insulation. 
2) For bond stations:  #8 AWG 7-strand wire with Kynar HMWPE insulation, manufactured with black 


insulation jacket. 
b. Wire insulation color coding: 


1) Water pipelines:  Blue. 
2) Reuse water pipelines:  Purple. 
3) Oil/gas pipelines:  White. 
4) Waste water pipelines:  Green. 
5) Casings:  Orange. 
6) Anode leads:  Black. 
7) Permanent reference cell leads:  Yellow. 
8) Power/electric lines:  Red. 
9) Communications lines:  Gray. 


3. Valve box top section:  16-inch by 6-inch CI. 
4. Valve box lid: 


a. CI drop lid, 5 1/4-inch. 
b. Cast “Cathodic Test DWD” in top. 
c. OWNER-furnished. 


B. Above Grade Test/Bond Station: 
1. Include test wires, TESTOX Series 900; a 5 terminal threaded test station top and a 12-inch by 12-inch by 3-inch 


concrete pad. 
2. Test wires:  Conform to the description above. 
3. Concrete pad:  Sakrete concrete mix. 
4. PVC pipe, 2-inch to 3-inch. 
5. Test post OWNER-furnished. 


C. Remote Monitoring Test/Bond Station: 
1. Include a compact, solid-state, electronic device in accordance with FCC Rule Part 15, using frequency hopping 


spread spectrum technology with 32-bit CRC with automatic retransmission that is capable of monitoring at 
minimum rectifier functions as listed herein and pipe-to-soil potential all on one device. 


2. Capable of monitoring: 
a. Rectifier input power status. 
b. Rectifier shunt voltage. 
c. Rectifier output voltage. 
d. Pipe-to-soil potential, up to 3 separate readings. 
e. Additional channels shall include: 


1) Discrete output. 
2) Discrete input. 
3) Analog input. 


3. Capable of operating as a slave monitor, repeater monitor, slave/repeater monitor, or master monitor. 
4. Capable of repeater data to or from other remote monitors. 
5. Capable of using both 8-bit and 16-bit open modbus RTU or ASCII data communications protocol. 
6. User programmable for field data collection in 20 minute increments. 
7. Capable of monitoring board temperature and back-up battery voltage on a continuous basis. 
8. Incorporate an integral solar/battery charging circuit and connectors. 
9. Full transient surge protection including full isolation on rectifier channels. 
10. Capable of operating from -40°F to 158°F. 
11. Infinite repeater capabilities. 
12. Capable of communicating cathodic protection data directly to SCADA host network or to field located remote 


terminal units. 
13. Designed to ensure backward and forward compatibility for new or existing units. 
14. Provide panel, enclosure, master radio, power supply, brackets, LMR cable connectors, and antennae, as shown 


on the Drawings and in Tables 1 and 2 below. 
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15. Provide cable in correct length, connector type, and size to connect to communications box without splices, if 
necessary. 


 
Table 1 


Test Station 
FreeWave Linemarker FGR2CP kit complete with radio, enclosure, 
integral antennae, 2 solar panel, 2 gel cell battery, 3-inch pipe mount 
bracket 


Brackets Protective mounting bracket kit – professional/OEM series 
Fittings Miscellaneous pieces and fittings required for a complete installation 


 
 


Table 2 


Enclosure Hoffman – steel type 22 with hinged cover #54920, 12-inch by 10-inch by 
8-inch 


Panel Hoffman – part #A12P10G 
Master 
Radio and 
Repeater 
Radio 


FreeWave FGR-09 series, 902-90028MHz, 115.2K, over the air data rate, 
spread spectrum board level transceiver, RS232/RS485 switchable, 6-30 
V, Class 1 Div 2, with straight SMA female RF connector 


Processor 
Self-contained, alarm notification, data logging, polls for data, could serve 
as integral web server, Basic or Windows technology supported; 
hardware such as Semaphone TBox 


Power 
Supply 


 800 MA wall mount power adapter, dual 120 VAC power outlet/15-20A 
receptacle 


Antennae Yagi 4-element welded directional for master radios, 890-960 MHz 8 dBi 
or omni-directional 902-928 MHz, 8.15 dB, 65-inch fiberglass with bracket 


Cable 
LMR-240 or LMR-400 coaxial cable with N type RF connectors, 
0.24-diameter to 0.4-inch diameter, 2 to 3 dBi loss acceptable, and 3 foot 
jumper cable, N (male), SMA (male) 


Interface 
Cable 


10 wire discrete, oriented away from board, DB9 connector plus jack for 
power input 


Lightning 
Arrestor 


Coaxial surge protector with N type female RF connector to N type 
female connector 


Fittings Miscellaneous pieces and fittings required for a complete installation 


 
D. DIA Flush Mount Test/Bond Stations: 


1. Provide at DIA in high loading areas including, but not limited to, concourses, aprons, and taxiways. 
2. Include test wires, pit cover, and fiberglass pit. 
3. Test wires:  Conform to the description above. 
4. Pit cover: 


a. Primary metal cast aluminum in accordance with ASTM B 26 with T-6 heat treatment in accordance with Mil. 
Spec H-6008F, no exceptions. 


b. Diameter:  9-inches. 
c. Maximum 15 pound lift. 
d. Emboss “WATER CATHODIC” service lettering on top. 
e. In accordance with DOT AC 150/5320-6E. 
f. Free of visible shrink porosity cavity areas, fillers, weldments, and paint to hide them (area 


colored/point-welded for information is allowed). 
g. Weight bearing mating flange surfaces of pit cover will be flat to within 0.050 inches total indicator reading. 


5. Fiberglass pit: 
a. Opening diameter to match lid, 9-inch diameter.   
b. Wall thickness:  0.25-inch. 
c. Integral concrete anchors. 
d. Open bottom. 
e. Integral top flange will require no extraneous corrosive material, weldments, or strongbacks to support cover. 


6. Testing of pit cover for DIA flush mount test/bond stations:  Cover loading over footprint shall result in minimum 
740 psi rating with a maximum 0.100 inches full load deflection at the center indicator and a deflection rebound 
within 0.010 inches after load release. 


E. Permanent Reference Electrodes: 
1. For buried locations: 


a. Copper/copper/sulfate reference electrode. 
b. Minimum design life of 20 years. 
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c. Stability:  5 mV under a 3.0 microamp load. 
2. Lead wire: 


a. #14 AWG with type RHH/RHW, TW, THWN, or HMWPE insulation. 
b. Length:  Minimum of 30-feet, sufficient to extend from electrode location to termination location without a 


splice. 
c. Attach to the electrode with the Manufacturer’s standard connection. 


3. Package in a low-resistivity backfill formulated to retain moisture and maintain stability. 
4. Provide IR free potential for impressed current systems by use of coupon electrode in accordance with NACE 


RP0104. 
5. Initial accuracy to be ±15 mV referenced to a calibrated portable reference electrode. 


F. Exothermic Weld Equipment: 
1. Include welder mold, exothermic weld charges, metal disk, wire sleeve, ignition source, and exothermic weld caps. 
2. Welder molds: 


a. Graphite molds sized for each type and size of charge and pipe size. 
b. Type:  As recommended by exothermic welds Manufacture for appropriate wire size. 


3. Exothermic weld charge: 
a. Mixture of copper oxide and aluminum material ignited by magnesium starting powder with spark. 
b. Materials:  Designed for the connection of copper to steel or DI and CI surfaces. 


4. Steel disk:  A 0.005-inch to 0.007-inch steel disk designed to fit at the bottom of the welder mold barrel. 
5. Ignition source:  A flint gun igniter capable of igniting the weld charge in a safe manner, electronic method is also 


acceptable. 
6. Wire sleeves: 


a. Copper adapter sleeves to build up conductors to fit welder molds. 
b. Size and type:  As recommended by the Manufacturer. 


7. Exothermic weld caps: 
a. A pre-fabricated weld cap filled with elastomeric mastic coating and a layer of tapecoat gray protective 


adhesive with integrated primer. 
b. Minimum 4-inch by 4-inch. 


G. Over-Voltage Protection – Polarization Cell: 
1. Solid state DC isolation/AC grounding device suitable for induced AC voltage mitigation. 
2. Provide a NEMA 4X enclosure and include: 


a. Stainless steel name plate. 
b. Connectors:  Compact or 4-hole NEMA terminals. 
c. Pedestal for mounting in enclosure. 
d. Pedestal mounting enclosure. 


1) Size:  36-inches high by 14-inches wide by 9-inches deep. 
2) Color:  Light green. 
3) Nominal fiberglass thickness:  3/16-inch. 
4) Exterior:  UV stabilized gelcoat 14 mil. 
5) Fire retardant. 
6) Stainless steel hardware. 


e. #4 AWG HMWPE, stranded copper wire. 
f. Bare, stranded copper wire for grounding: 50-feet. 
g. Hardware for connections. 


H. OWNER-Furnished Materials: 
1. Test posts. 
2. Valve box lids. 


PART 3 EXECUTION 
3.1 GENERAL 


A. Use above grade test/bond stations where possible. 
B. Locate above grade test/bond stations behind the sidewalk or off the roadway at a safe distance out of the traffic 


pattern. 
C. If an above grade test station is not feasible in a particular location, then a flush mount test station may be used with 


prior approval of the ENGINEER. 
D. Locate the flush mount test/bond station at the edge of the curb and out of the pavement if possible.  If no curb and 


gutter exist, locate the test/bond station at a safe distance out of the existing traffic pattern. 
E. Use continuous test/bond station lead wire without cuts, tears, or splices in the insulation. 
F. Attach test lead wires to the pipe by exothermic welding. 
G. Attach test lead wires to the pipe prior to backfilling. 
H. Use color-coded test wires as indicated above. 
I. At other utility-owned line crossings test stations, notify the owner of the pipeline and obtain permission before test 


leads are connected to their pipeline; the OWNER should have a representative present. 
J. Test the test/bond site prior to and after backfill in accordance with NACE SP0169.  Coordinate testing with the 


ENGINEER. 
K. Repair coating or lining damage due to cathodic protection installation. 
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L. Install test leads and anode wires in PVC to protect pipe when it is 10 foot deep or deeper, final bury depth of leads is 
horizontal and 2 feet deep or less, or directly under final grade for asphalt or concrete. 


M. Exercise extreme caution during the installation procedure to prevent damage to leads. 
N. Replace damaged leads at the CONTRACTOR’s expense. 


3.2 APPLICATION 
A. Install test/bond stations: 


1. On continuous pipelines, not exceeding 1,000 feet apart. 
2. At major underground pipeline crossings. 
3. At cased crossings. 
4. At underground isolation flanges and couplings. 
5. At other locations as shown on the Drawings. 


3.3 INSTALLATION 
A. Above Grade Test/Bond Stations: 


1. Coil sufficient slack in the leads around the temporary post at the test/bond station location during the backfilling 
operation. 


2. Remove the temporary wire post and excavate a 12 inch by 12 inch by 12 inch hole around leads. 
3. Feed leads up through the bottom of the test/bond station leaving a minimum of 2-feet of slack at the top of the 


post. 
4. Set the post upright in the hole and backfill and tamp soil firmly around the post to a depth of 3 inches below the 


finished grade. 
5. Fill the remainder of 12 inch by 12 inch by 3 inch excavation encompassing the reinforcing bars with concrete. 
6. Coil wires, place in the top of the post, and attach Testox Test Station by threading clockwise to the top of the post. 
7. Ensure the test post is plumb with the finished grade. 
8. Label wires; connect to terminals using appropriate wire connector.  Label board in test post. 


B. Flush Mount Test/Bond Stations: 
1. Provide sufficient slack coiled beneath the test/bond station to allow for soil settlement and to prevent damage to 


leads during backfill. 
2. Leave additional slack, 18-inches minimum, to allow for the withdrawal of wire above the top of the box for test 


purposes. 
3. The concrete pad shall be a minimum 18-inches square and 6-inches thick. 


C. Remote Monitoring Test/Bond Stations: 
1. To be installed by a FreeWave trained and certified installer: 


a. Open FGRCP test/bond station enclosure. 
b. Install FGRCP test/bond station in accordance with the Manufacturer’s instructions. 
c. Point the solar panel south. 
d. Fasten FGRCP to above grade test/bond station. 
e. Route field wiring. 
f. Terminate field wiring. 
g. Power up FGRCP test/bond station. 
h. Program FGRCP tests/bond station: 


1) Coordinate with the OWNER using FreeWave User’s Manual, computer, and programming cable. 
2) Connect to FGRCP radio using white 9-pin, RS232 Communication Port or gray 20-pin, Diagnostics 


Communication Port. 
3) Program FGRCP radio in accordance with the FreeWave User’s Manual; ensure compatibility with master 


radio network settings and configurations. 
4) In menu 1 (set Baud Rate), submenu B (ModBus RTU) shall be set to 1 (ON). 
5) After completing programming and the FGRCP radio display LED lights indicate it is linked and connected 


to the network, disconnect the programming cable from the FGRCP test/bond station. 
i. The OWNER will make final terminations to PLC. 
j. Verify operation and output to the OWNER’s connection in the OWNER’s existing PLC. 
k. Close up FGRCP test/bond station. 
l. Coordinate with the ENGINEER for commissioning and the final acceptance of equipment. 


D. DIA Flush Mount Test/Bond Stations: 
1. Drill a one-inch hole in the side of the fiberglass pit, 10 inches below the top of the pit and the thread hole, to 


accommodate one-inch threaded grommet. 
2. Thread one-inch PVC grommet into the pit opening until the 2 threads are showing inside the pit. 
3. Insert test/bond leads and permanent reference electrode and anode leads into the pit through the PVC grommet. 
4. Provide sufficient slack, 24-inches minimum, coiled in the pit to allow for the withdrawal of wire above the top of the 


pit for test purposes. 
5. Locate and install the pit in an area where no test leads, permanent reference electrode leads, or anode leads are 


directly below the pit, and at the proper elevation ensuring the pit lid is at the finished grade. 
6. Backfill around the pit with fill material to the specified compaction up to bottom of concrete apron. 
7. Place apron concrete around the pit and finish. 
8. Clean excess concrete or debris off the pit lid and in the pit flange area to ensure the ease of lid operation and 


proper aircraft wheel load distribution. 
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E. Permanent Reference Electrodes: 
1. Prior to installation, soak permanent reference electrodes in a container of potable water for 15 minutes. 
2. Calibrate the permanent reference electrode in the presence of the ENGINEER by measuring the potential 


difference between the permanent reference electrode and an independent and portable calibrated reference 
electrode placed in the water adjacent to the permanent reference electrode.  The potential difference between the 
2 electrodes of the same generic type should not exceed 15 mV when the sensing windows of the 2 electrodes 
being compared are not more than 1/16 inch apart but not touching.  Permanent reference electrodes not within 
these potential differences shall be removed and replaced at the CONTRACTOR’s expense.  Prior to completely 
backfilling over reference electrodes, re-verify the accuracy of the reference electrode.  The testing provision also 
applies to replacement electrodes. 


3. Install permanent reference electrodes horizontally a maximum of 12 inches from the pipe, below the springline 
with the wire attachment side away from pipe. 


4. Compact native soil by hand around the electrode. 
5. Saturate the backfilled electrode with 5 gallons of water. 
6. Extend the electrode lead wire up and into the test/bond station in accordance with the Contract Documents. 
7. Install IR free electrodes 4 inches to 12 inches from the pipe of interest.  Seat coupon level with pipe invert and no 


higher than 1/3 of a pipe diameter.  Place in a PVC tube that extends from the coupon to flush-mounted box or test 
post to aid in removal of coupon for corrosion rate evaluation. 


F. Test/Bond Station Lead Wire Attachment: 
1. Attach lead wire to the pipe by exothermic welding. 
2. The pipe to which wires are to be attached shall be clean and dry. 
3. Use a grinding wheel to remove coating, mill scale, oxide, grease, and dirt from an area approximately 3-inches 


square. 
4. Grind the surface to bright metal. 
5. Obtain approval from the ENGINEER for the chemicals proposed for use in surface preparation. 
6. Remove approximately one inch of insulation from the end of the wires to be exothermic welded to the structure, 


exposing clean, oxide free copper for welding. 
7. Using the exothermic weld Manufacturer’s recommended mold, place the wire between the graphite mold and the 


prepared metal surface. 
8. Use the sleeve crimped over the wire. 
9. Place the metal disk in the bottom of the mold. 
10. Pour the exothermic weld charge into the mold. 
11. Squeeze the bottom of the cartridge to spread the ignition powder over the charge. 
12. Close the mold cover and ignite the starting powder with a flint gun. 
13. After the exothermic reaction, remove the exothermic weld mold and gently strike the weld with a hammer to 


remove weld slag. 
14. Pull on the wire to ensure a secure connection. 
15. If the weld is not secure or the wire breaks, repeat the procedure. 
16. If the weld is secure, cover it with a plastic weld cap in accordance with the Contract Documents. 


G. GPS Locations: 
1. Notify the ENGINEER in writing a minimum of one day prior to backfilling exothermic weld connections, anodes, 


permanent reference electrodes, and test/bond stations. 
2. The OWNER will obtain GPS locations on exothermic weld connections and corresponding anodes, permanent 


reference electrodes, and test/bond stations. 
H. Post Installation Backfilling of the Test/Bond Station – Lead Wires: 


1. Protect the test/bond station lead wires to prevent damage to wire or insulation during backfilling. 
2. After completion of backfilling of test lead wires to pipe, verify the connection by recording a pipe-to-soil potential. 
3. Replace test lead wires that are damaged or have a high resistance connection. 


3.4 QUALITY CONTROL 
A. Testing of Remote Monitoring Test/Bond Stations: 


1. Full factory test including: 
a. Firmware download test. 
b. Functional bench test. 
c. Auto program test. 
d. Burn in test with full temperature cycle from -40°F to 158°F. 
e. Radio link test. 
f. Data integrity test. 
g. Sample batch testing is not acceptable. 


B. Intermittent and Final Testing: 
1. Test the cathodic protection system periodically during construction and after construction is complete to ensure 


proper functionality in accordance with NACE SP0169. 
2. Notify the ENGINEER in writing a minimum of 2 days prior to testing. 
3. The ENGINEER will observe or assist with testing. 
4. Locate, identify, and correct construction defects, malfunctions, or incomplete Work. 
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5. Retest the system in the presence of and to the satisfaction of the ENGINEER. 
6. Defects found by the OWNER during the warranty period shall be corrected at the CONTRACTOR’s sole expense, 


including additional engineering, retesting, and inspection time. 
END OF SECTION 
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SECTION 26 42 13.01 
IMPRESSED CURRENT CATHODIC PROTECTION FOR BURIED 


AND SUBMERGED PIPING, STRUCTURES, AND APPURTENANCES 
PART 1 GENERAL 
1.1 SUMMARY 


A. Section includes general information, products, and execution for impressed current cathodic protection for buried and 
submerged piping, structures, and appurtenances. 


B. Related Sections: 
1. SECTION 26 42 00 – COMMON WORK RESULTS FOR CATHODIC PROTECTION 


1.2 REFERENCES 
A. ASTM International (ASTM): 


1. A 518 – Standard Specification for Corrosion-Resistant High-Silicon Iron Castings 
2. D 1248 – Standard Specification for Polyethylene Plastics Extrusion Materials for Wire and Cable 
3. D 1785 – Standard Specification for Poly(Vinyl Chloride) (PVC) Plastic Pipe, Schedules 40, 80, and 120  
4. F 480 – Standard Specification for Thermoplastic Well Casing Pipe and Couplings Made in Standard Dimension 


Ratios (SDR), SCH 40 and SCH 80  
B. National Association of Corrosion Engineers (NACE): 


1. SP0169 – Standard Practice, Control of External Corrosion on Underground or Submerged Metallic Piping 
Systems 


2. SP0572 – Standard Practice, Design, Installation, Operation and Maintenance of Impressed Current Deep 
Groundbeds  


C. National Electric Manufacturers Association (NEMA): 
1. Enclosures – Type 3, 3R, 3X, 4, and 4X 
2. MR-20 – Cathodic Protection Units 


1.3 DEFINITIONS 
A. As specified in SECTION 26 42 00. 


1.4 SUBMITTALS 
A. Product Data:  As specified in SECTION 26 42 00. 
B. Shop Drawings:  As specified in SECTION 26 42 00. 
C. Quality Control: 


1. Certificates of compliance: 
a. Impressed current anode:  Independent laboratory analysis certifying that the anode supplied complies with 


the requirements of the Contract Documents. 
b. ICCP and corrosion control monitoring systems including, but not limited to, joint bonding, test stations, and 


insulators are demonstrated fully operational. 
c. Copies of field-collected data, including: 


1) As-Builts of installation and construction of ICCP and accurate location and type of anodes, wires, 
conduits, AC service drop, rectifier, pipe connections, and junction boxes. 


2) Deep anode groundbed As-Built information including, but not limited to: 
a) Drillers log. 
b) Initial well resistance log from the casing to the bottom of the drilled hole at 5 foot intervals. 
c) Final anode placement, coke breeze, casing, and seal depths. 
d) An anode resistance data summary before and after backfilling with coke breeze. 
e) Location adjustments for review. 


d. Testing data:  As specified in SECTION 26 42 00. 
2. Provide the ENGINEER with a proposed test procedure and equipment list for review and approval prior to 


beginning drilling operations. 
D. Warranty Documentation: 


1. Sample warranty. 
2. Warranty. 


E. Spare Parts: 
1. Fuses of each size and type:  10. 
2. Diode assemblies:  2. 
3. AC input lightning arrestors:  2. 
4. DC output lightning arrestors:  2. 
5. Box of lamps: One. 
6. Enclosure touch-up paint of each type and color used: One spray can. 


1.5 QUALITY ASSURANCE 
A. CONTRACTOR’s Qualifications: 


1. A minimum of 5 years of documented experience in the Work of this Section. 
2. A minimum of 5 comparable projects completed in the last 5 years for review and approval. 


B. Senior Corrosion Technologist Qualifications:  As specified in SECTION 26 42 00. 
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C. Manufacturer’s Qualifications: 
1. A minimum of 5 years of documented experience in the Work of this Section. 
2. Provide certification that materials and components meet the requirements of the Contract Documents, include 


references for the applicable Sections and standard details. 
D. Field Supervision:  Provide an adequately experienced, competent superintendent or foreman to supervise the 


construction site and serve as the point of contact for the ENGINEER. 
E. System Description: 


1. Design requirements:  Materials and equipment shall be new and the Manufacturer’s latest standard design that 
complies with the specification requirements in accordance with NACE SP0572. 


2. Performance requirements:  Protect associated structure to criteria in accordance with NACE SP0169. 
F. Show evidence of approval where UL standards exist and product listings are available. 
G. The use of the Manufacturer’s name and model or catalog number to establish a standard of quality and the general 


configuration desired. 
1.6 DELIVERY, STORAGE, AND HANDLING 


A. Coil the anode wires and secure and package the anode in crates, as required, to prevent damage during shipping. 
B. Ensure wire is not damaged and that anodes or lead connections at the anode end are not physically stressed. 
C. If anodes or wires are damaged, replace the complete anode. 
D. Coke Breeze: 


1. Bulk or bag shipping. 
2. Shipped and stored in a manner to keep it dry and minimize it from freezing solid. 
3. If bagged, provide and ship in waterproof bags. 
4. Bags shall be UV-resistant or protected with tarps to protect coke breeze from long-term UV exposure. 


E. Cathodic Protection Material: 
1. Store off the ground. 
2. Protect against weather, condensation, and mechanical damage. 
3. Handle with care. 
4. Do not sharply bend or tightly coil the wire. 
5. Replace equipment or materials damaged in shipment or installation. 
6. Immediately remove damaged materials from the Work site. 
7. Reference electrodes: 


a. Do not allow to freeze. 
b. Store in a protected area. 
c. Utilize before the specified storage stability period expires. 


1.7 SITE CONDITIONS 
A. Environmental Requirements: 


1. Store materials in covered and heated units to maintain minimum temperatures above the restricted temperature 
limits. 


2. Materials and equipment shall be designed and constructed for continuous operation at rated current, at Project 
elevation, 104°F ambient, and 95% relative humidity. 


1.8 WARRANTY 
A. Warranty for 3 years from the Substantial Completion date for the satisfactory performance and installation of the 


rectifier and associated appurtenances. 
B. Warranty for one year from the Substantial Completion date for the satisfactory performance and installation of the 


impressed current cathodic protection for buried and submerged piping and structures system and associated 
appurtenances. 


PART 2 PRODUCTS 
2.1 APPROVED MANUFACTURERS 


A. Manual or Automatic Potential Controlled Rectifier: 
1. Universal Rectifier, Standard Air-Cooled Line  


B. Anode Centralizers for Deep Well Groundbed and Vertical Anodes: 
1. Farwest, Centra Series  
2. Mesa, Cen Series  


C. Coke Breeze for Deep Anode Type Groundbeds: 
1. Cathodic Engineering Equipment Company, LORESCO DW-1, SC-2, SC-3, RS-3  
2. Farwest Corrosion, Asbury 251-P  
3. Mesa, Great Lakes Carbon Coke No. 60  


D. Deep Anode Terminal/Junction Box: 
1. Hoffman Engineering Company 
2. Stahlin Brothers, Inc. 
3. Universal Rectifier, Inc. 


E. Wire Splice Insulation Kits: 
1. 3M Company, Scotchcast 90-B1 
2. 3M Company, Scotchcast 82-A1 
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F. Electrical Splicing Tape: 
1. 3M Products, Scotch 130C and Scotch 33+ tape  


G. Deep Anode Well Seal: 
1. Berkeley Pump Company 
2. Cambell Manufacturing, Inc. 
3. Jacuzzi Brothers, Inc. 


H. Bentonite Sealer: 
1. Cathodic Engineering Equipment, Co., Inc., PermaPlug  
2. Mesa, Enviroplug  


I. Tap Splice Insulting Kit for Wire Insulation Repair: 
1. Scotchcast 90-B1 


J. In-Line Splice Insulating Kit for Insulation Repair: 
1. Scotchcast 82-A1 


K. Slotted Vent Pipe: 
1. Loresco, AllVent  


2.2 MATERIALS 
A. Manual Controlled Rectifier: 


1. Mount an engraved nameplate on the interior of the door: 
a. List the Manufacturer’s name and phone number, model number, year manufactured, serial number, and AC 


and DC electrical characteristics including voltage and amperage input and output electrical outlet ratings. 
b. Nameplates with only the Supplier’s name and phone number in place of the Manufacturer’s name and phone 


number will not be accepted and shall require replacement at no cost to the OWNER. 
2. In accordance with NEMA MR-20, cathodic protection rectifier units. 
3. Description: 


a. Ambient air-cooled. 
b. Manually controlled. 
c. Coordinate with site conditions as specified in this Section. 
d. Designed to operate continuously at the full rated output at ambient conditions as specified in this Section. 
e. Single-phase, bridge type with silicon diode, capable of operation at 110% of the rated input/output without 


damage to the components. 
4. Assembly components: 


a. Dual AC input of 208/480 V, single-phase, 60 Hz and a suitably sized thermal magnetic type circuit breaker on 
the front of the panel. 


b. Suitably sized heat sinks to maintain the rectifying element and the case temperatures below the maximum 
temperature recommended by the Manufacturer. 


c. Selenium surge plates and current and voltage limiting devices. 
d. Lightning protection devices on both AC output and DC output. 
e. Efficiency filter. 
f. Fine and coarse secondary taps with output controlled by a minimum of 20 evenly divided transformer tap 


settings; arrange in consecutive order. 
g. GFCI protected 120 V convenience receptacle self-powered from rectifier unit. 
h. Proper sized pedestal for mounting. 


5. Rectifier transformer: 
a. Separate and secondary type. 
b. Minimum efficiency:  95%. 
c. In accordance with NEMA and UL. 
d. Transformer insulation class and temperature rise:  180°C insulation system designed for full load operation at 


a maximum temperature rise of 115°C above 40°C ambient. 
6. Meters and shunt: 


a. Meters: 
1) Combination DC voltage current. 
2) D’Varsonal movement type. 
3) Individual switches so that the meter is not in circuit continuously. 
4) Accurate to within 2% of actual voltage and current output. 
5) On/off switch. 
6) Tested and calibrated at the factory. 
7) Test in the field for accuracy. 
8) Have inaccurate meters replaced by the Manufacturer. 
9) Scaled to measure the full scale of the rectifier output plus 25%. 


b. Shunt: 
1) External panel-mounted. 
2) Holloway type. 
3) In series with ammeter. 
4) Clearly identify shunt voltage and amperage. 
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7. Rectifier panel board: 
a. Mount rectifier meters, shunt, AC circuit breaker, taps, AC and DC fuses, and DC output terminals. 
b. Nonmetallic. 
c. Construct of sufficient thickness to withstand shipping and operational stresses. 
d. Locate at the front of the rectifier to allow access for testing and adjustment. 


8. Rectifier DC terminals:  Solderless lug type. 
9. Tap studs, tap bars, nuts, and washers:  Suitably sized brass, bronze, nickel, or tin-plated copper. 
10. Clearly engrave or identify the polarity of the rectifier DC terminals, fine and coarse transformer tap numbering, 


meters, and fuses with a permanent marking system on the rectifier panel; stick on labels or tape are not 
acceptable. 


11. Provide an enclosure for the transformer, AC and DC circuit breakers, rectifier stacks, lightning arrestors, DC 
output meters, and wiring connections: 
a. Material:  Minimum 11 gauge steel. 
b. Finish:  Hot-dipped galvanized or baked enamel. 
c. Color: To be selected from the Manufacturer’s full color range. 
d. Air-cooled. 
e. In accordance with NEMA 3R. 
f. Suitable ventilation for adequate cooling of the rectifier by natural air convection. 
g. Protect interior components from weather, vandalism, and nest building insects. 
h. Provide: 


1) A grounding lug on the outside of the cabinet. 
2) Hinged and removable doors on the front and on both sides to allow access. 
3) Stainless steel latches and a hasp for padlocking. 


i. For air-cooled standard type rectifiers up to 25 ampere DC output, provide one size larger case than is 
standard for the rectifier rating to aid in cooling and access for testing and maintenance. 


j. For 26 ampere DC output size rectifiers or larger, provide with a standard size case. 
k. Power on indicating light. 


12. Clearly label conductors and wires corresponding to the Shop Drawings and clearly defining the respective voltage 
system, AD/DC/control.  Provide slip-on, heat-shrink wire labels for wires. 


B. Automatic Potential Control Rectifier (Alternate): 
1. Description, same as manual controlled except solid-state automatic potential controlled with a manual controlled 


option. 
2. Assembly components: 


a. Manual control taps as backup. 
b. Thermostatically controlled fan. 
c. Ventilation barriers. 
d. Permanent reference electrode as specified in SECTION 26 42 00. 


C. AC Power Service:  Provide as shown on the Drawings. 
D. Impressed Current Anodes: 


1. Chill cast anodes:  High silicon, chromium iron alloy, manufactured in accordance with ASTM A 518, Grade 3 with 
chemical composition percentages as follows: 


 
Element Composition, Weight Percentage 
Carbon 0.70 to 1.10 
Manganese 1.50 maximum 
Silicon 14.20 to 14.75 
Chromium 3.25 to 5.00 
Molybdenum 0.20 maximum 
Copper 0.50 maximum 


 
a. In tubular form with hollow, straight walled design. 
b. Do not exceed 1/4 inch bowing and deformation tolerances over the length of the anode. 
c. Solid walls of uniform thickness with an open cylindrical interior: 


 
Type Weight (lbs) OD (inches) Length (ft) 
2284 48 2.2 7 
2684 48 2.2 7 
3884 94 3.8 7 
4884L 128 4.8 7 


 
2. Anode lead wire connection: 


a. Attach at the center of the anode. 
b. Minimum pull-out strength:  1 1/2 times the breaking strength of #8 AWG lead wire or 788 pounds for the 


center connection. 
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c. Do not exceed 0.004 ohms for electrical contact resistance as measured across lead wire-to-connector 
junction. 


3. Anode centralizers for deep well groundbed and vertical anodes: 
a. Description:  Either a metal or a plastic assembly that can be securely attached to the anode without 


damaging or impairing the function of the anode or the anode wire. 
1) Size and type:  Such that they will center the vertical anode in a drilled hole and provide for easy field 


adjustment. 
2) Minimum of 3 vanes to keep the center anode in the hole. 


b. Do not block the hole or impair installation of the anode, anode lead wire, vent pipe, or coke breeze. 
4. Anode backfill: 


a. Coke breeze for the backfill of groundbeds:  Low resistance, less than 0.10 ohm-cm, electrically conductive, 
calcined petroleum type approved for direct burial by the appropriate local authorities. 


b. Coke breeze for surface and distributed type groundbeds: 
 


Element Percent Composition 
Volatile Matter 0.7 to 1.8 maximum 
Ash 2.3 maximum 
Sulfur 5.9 maximum 
Actual Carbon 91 maximum 
Particle Size 85 less than 1/4 inch 
Bulk Density 55 lbs/cf to 60 lbs/cf minimum 
Fixed Carbon 
(Carbon and 
Sulfur) 


96% minimum 


 
c. Coke breeze for deep anode type groundbeds: 


1) Suitable for pumping. 
2) Calcined. 


5. Permanent reference electrodes:  Copper/copper sulfate reference electrode material as specified in SECTION 
26 42 00. 


6. Cathodic protection test stations:  As specified in SECTION 26 42 00. 
7. Exothermic weld materials:  As specified in SECTION 26 42 00. 
8. Exothermic weld caps:  Coating materials as specified in SECTION 26 42 00. 
9. Deep anode terminal/junction box: 


a. In accordance with NEMA 3, 3X, 4, or 4X type junction box, standard product of the recognized Manufacturer. 
b. Material:  Minimum 14 gauge steel. 
c. Minimum inside box dimensions:  16-inch by 12-inch by 6-inch deep or larger, if required to provide proper 


access for the number of anodes specified. 
d. Finish:  Coated with either baked enamel or heat-cured 100% solids thermosetting epoxy coating. 
e. Provide with: 


1) One piece of oil-resistant gasket to be mounted inside the door to form an oil-tight and dust-free seal. 
2) A locking lid and a hasp for a padlock. 
3) Separate back panel: 


a) For the attachment of a bus bar with a terminal strip or terminal block with medium-duty solderless 
compression type terminal connectors. 


b) Accommodate the anode wire and the rectifier positive header wire gauge specified with the 
necessary mounting hardware. 


c) Material:  A minimum 3/16-inch micarta or cross-laminated phenolic sheet. 
4) Sufficient copper shorting straps and 0.01 ohm Holloway Type RS shunts to electrically bond each anode 


lead terminal to the rectifier positive lead bus bar as shown on the Drawings. 
5) A minimum number of shunts and compression type connectors to match the number of anodes provided 


for each groundbed location. 
6) Rugged supports on the enclosure to allow it to be securely wall-mounted as shown on the Drawings. 
7) Double hub suitable for thread mounting in two 1 1/4-inch or larger rigid threaded RGS conduit. 


10. Hardware: 
a. Flat and split washer, terminal nuts, and studs:  1/4-inch. 
b. Finish:  Nickel-plated brass or bronze. 


11. Conduit, locknuts, and straps:  Install conduit, fittings, and wires in PVC-coated, rigid, hot-dipped galvanized steel 
conduit, as shown on the Drawings. 


12. Plastic conduit for cathodic protection sheathing: 
a. Diameter:  One-inch. 
b. Schedule 40 PE or PVC plastic pipe. 


13. Wire: 
a. Cathodic protection wires and cables:  Insulated stranded copper wire. 
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b. Wire size, type, and insulation type:  As specified in this Section and SECTION 26 42 00. 
c. Joint bond and cathodic protection cables and test leads, #2 AWG, #4 AWG, #6 AWG, #8 AWG, and 


#12 AWG: 
1) Single-conductor, stranded copper wire with #12 AWG being solid copper. 
2) Insulation: 


a) HMWPE: 600 V. 
b) Minimum thickness in accordance with ASTM D 1248, Class C, Grade 5: 7/64-inch. 


d. Anode lead wire: 
1) #8 AWG, 7 strand, copper conductor with Kynar polyvinylidene and HMWPE PE jacket. 
2) Insulation: 


a) HMWPE: 600 V. 
b) Minimum thickness in accordance with ASTM D 1248, Class C, Grade 5: 7/64-inch. 


e. Test lead and wire reference electrode wire:  As specified in SECTION 26 42 00. 
f. Length:  Sufficient to reach anode terminal box without splicing additional wire. 
g. Wire insulation color:  Indicate the function of each wire as shown on the Drawings and as specified in 


SECTION 26 42 00. 
14. Deep anode junction box shunts: 


a. Holloway Type RS 0.01 ohm manganin wire shunt with 5 ampere capacity or MCM Miller, yellow, 0.01 ohm 
shunt, Cott or T and R, yellow, 0.01 ohm shunt with 10 ampere capacity. 


b. Resistance:  0.01 ohm. 
c. Capacity:  5 ampere minimum. 


15. Compression connectors for in-line and tap splices: 
a. C taps made of conductive wrought copper. 
b. Sized to fit the wires being spliced. 
c. Apply compression connectors with the proper crimp tool and die recommended by the Manufacturer for the 


wire and the tap connector size; in-line butt type wire splice connectors are not acceptable. 
16. Electrical splicing tape:  30 mil linerless rubber high voltage splicing tape and 7 mil vinyl electrical tape suitable for 


moist or wet environments. 
17. Electrical connectors:  Tin or nickel-plated copper, brass, bronze, or stainless steel for electrical conductivity and 


atmospheric corrosion resistance. 
18. Rectifier location marking tags: 


a. Stamped brass or aluminum. 
b. Stamped letters and numbers shall be 1/8-inch minimum size. 
c. Stamp with rectifier number and pipeline station describing the location of the rectifier. 


19. Pipe coating repair:  Materials as specified in SECTION 26 42 00. 
20. Downhole vent pipe for deep anode groundbeds: 


a. Material: 
1) Heavy duty Schedule 40 PVC. 
2) Diameter:  Minimum one-inch. 
3) In accordance with ASTM D 1785, Type 1, Grade 1. 
4) Resistant to chlorine. 
5) Either drilled and provided with geotextile fabric sock or slotted. 


21. Deep anode well seal:  2-piece, CI well seal with rubber packer to form a watertight seal. 
22. Well casing: 


a. Use when anode replaceability is desirable or environmental sealing requirements are necessary. 
b. Material: 


1) Standard weight steel or plastic. 
2) Plastic casing:  In accordance with ASTM F 480. 
3) Good condition, durable, and watertight. 
4) Non-toxic and resistant to water and soil corrosiveness. 
5) Meet local authority well drilling standards and withstand installation, grouting, and operating stresses. 


c. Nominal wall thickness for 6-inch or larger diameter steel casing:  0.25-inch thick. 
23. Sealing material: 


a. Impermeable material, such as cement grout, bentonite-gelatinous mud, or grout or puddling clay as required 
to meet local authority drilling code requirements. 


b. Cement grout sealer: 
1) Composed of a maximum of 2 parts by weight of sand and one part of cement with 5 gallons to 7 gallons 


of clean water (per 94 pound bag of cement). 
2) Quick-setting cement, retardants to setting, and other additives, including hydrated lime to make the mix 


more fluid (up to 10% of volume of cement) and up to 5% bentonite to make the mix more fluid and to 
reduce shrinkage, may be used. 


c. Bentonite sealer: 
1) High-swelling, chemically unaltered bentonite clay intended for plugging and sealing drilled holes. 







EFFECTIVE JANUARY 2014 7 SECTION 26 42 13.01 
  IMPRESSED CURRENT CATHODIC 
  PROTECTION FOR BURIED AND 
  SUBMERGED PIPING, STRUCTURES, 


AND APPURTENANCES 


d. Puddling clay sealer: 
1) A mixture of bentonite, other expansive clays, fine-grained material and water, in a ratio of no less than 


7 pounds of bentonite or expansive clay per gallon of water. 
2) Composed of a minimum of 50% expansive clay with the maximum size of the remaining portion not 


exceeding that of coarse sand. 
24. Gravel for deep anode groundbed: 


a. Use if allowed by state regulation. 
b. Thoroughly washed, sound, durable, and well-rounded gravel:  1 1/2-inch to 3/4-inch 


25. Deep anode surface vent pipe: 
a. One-inch diameter steel pipe with 180 degree gooseneck. 
b. Pre-drill end cap with a minimum of 6 evenly spaced 1/8-inch diameter holes. 


PART 3 EXECUTION 
3.1 GENERAL 


A. Complete anode assembly, wire connections, splices, anode placement, coke breeze installations, and backfill 
operations during daylight conditions. 


B. Install corrosion protection system components (e.g., splices, bonds, and wire installation) when ambient temperature 
is above 15°F and rising to minimize damage to materials and insulation. 


C. Do not cadweld or utilize open flame or torches in areas of flammable vapors or airborne particles where a fire or 
explosion could result. 


D. Install and work around above grade and buried AC power and control lines and water, process, oil and gas pipelines 
with extreme care; follow the minimum separation distances in accordance with other utility requirements and 
regulations. 


E. Do not work next to power lines during times of high lightning activity. 
F. Provide AC power service as shown on the Drawings. 


3.2 INSTALLATION 
A. Rectifier: 


1. Provide rectifier, entrance, switch, and electrical hardware. 
2. In accordance with NEC electrical codes, local utility company requirements, permitting agencies, and applicable 


codes and standards. 
3. Installation and locations as shown on the Drawings. 
4. Mounted to allow unobstructed access to and full opening of rectifier access doors for testing, maintenance, and 


repair. 
5. Install level and plumb. 
6. Ground rectifier case and AC entrance switch with a separate ground rod, other than for AC service. 
7. Install rectifier cables in PVC-coated rigid galvanized steel conduit. 
8. Terminate conduits with plastic-throated conduit bushings. 
9. Identify with a stamped identification tag permanently attached in a visible location on the inside of the rectifier 


housing. 
10. Stamp tag with the rectifier number and the pipeline stationing of the rectifier location. 
11. Install rectifier wire from the rectifier negative terminal directly to the pipelines or through a junction box as shown 


on the Drawings. 
12. Install wire rectifier positive terminal to the anode terminal box or the anode header wire junction box as shown on 


the Drawings. 
13. Clearly identify groundbed and structure leads in the rectifier case and boxes. 
14. Install a permanent reference electrode as specified in SECTION 26 42 00. 


a. Extend the electrode lead wire up to and terminate inside the rectifier housing at an accessible location on the 
front of the rectifier panel. 


b. Locate the electrode lead wire in a manner to avoid future excavation damage. 
B. Deep Anode Groundbed: 


1. Perform drilling, electrical logging of hole, lowering of anodes, coke breeze placement, and backfilling in a 
continuous operation. 


2. Ensure the process is observed by the ENGINEER in the prescriptive method that follows. 
3. Submit procedures if alternate methods are used. 
4. Construct holes and set casings round, straight, and plumb. 
5. Seal as specified herein or as required by local well drilling regulations; the most stringent requirements shall 


apply. 
6. Take necessary precautions to avoid contamination of the aquifer with contaminated water, gasoline, drilling fluids 


and additives, or other deleterious substances during construction, through opening, or by seepage through 
ground surface. 


7. For deep anode groundbeds, maintain a log describing depth and type of geological formations encountered 
during drilling; submit copies of the log to the ENGINEER and the local authority. 


8. Take precautions to avoid the entrance of foreign matter into the hole, the movement of soil strata, or the 
collapsing of the hole during progress of Work. 
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9. Should the movement of soil strata or the collapse of drilled hole interfere with proper installation, recover wire and 
anode strings and ream or re-drill the hole at the CONTRACTOR’s expense. 


10. Drilling: 
a. Drill a minimal nominal depth as shown on the Drawings. 
b. Over-drill the hole depth as required to compensate for sloughing during anode installation such that top of the 


active column is not less than the minimum separation distance below the ground surface as shown on the 
Drawings. 


c. Drill fluid:  Non-hazardous, bentonite based, water well type drilling gel or mud. 
d. Drilling mud:  Certified by NSF as non-hazardous. 
e. Locations: 


1) Drill at the approximate locations shown on the Drawings. 
2) Exact locations will depend on the locations of structures and utilities encountered in the field and shall be 


determined in the field with the ENGINEER prior to the start of construction. 
f. Over-drill the hole and install surface casing as shown on the Drawings: 


1) Do not install casing, other than surface casing, unless necessary for the successful completion of the 
hole. 


2) Set surface casing prior to completion of the first 70 feet of the hole. 
3) Steel casing installation:  Cut below the surface and jack up to point 50 feet, minimum, above the top of 


the active column. 
4) Complete cutting and jacking operations before or after the installation of the anode assembly. 
5) Plastic casing may be installed in the inactive column area. 


g. Sealing: 
1) Seal annular space around the surface casing and soil in accordance with local authority well drilling 


regulations. 
2) Sealing material shall reach initial set before any additional Work on the drilled hole that may disturb the 


seal will be allowed to continue. 
3) Seal the hole to prevent downhole movement of surface water and the intermixing of different aquifers. 
4) Where separate aquifers are encountered, install a bentonite seal between the different aquifers. 
5) Bentonite seal thickness shall be a minimum of 3 feet. 
6) Increase seal thickness as required to maintain the separation of aquifers under high pressure or artesian 


conditions. 
7) If different aquifers are encountered in the active anode area, install separate vent pipes in areas 


between different aquifers. 
h. Contain and dispose of drilling mud and cuttings in a legal manner. 
i. Field dug mud pits or sumps are acceptable depending on the location and with prior written approval of the 


ENGINEER. 
j. Filled mud pits will only be considered, if they are completely pumped and cleaned out following drilling 


operations and then backfilled and compacted correctly to not cause settlement or soft areas in the future. 
11. Anode bed loading preparation: 


a. Provide the ENGINEER a minimum of one day notice prior to final anode hole preparation and anode and 
coke breeze placement. 


b. Provide sufficient coke breeze to backfill completely around anodes as shown on the Drawings with 
allowances for extra volume due to cave-ins, wash-outs, and excavation or installation methods. 


c. Complete the final preparation of the anode hole, electrical logging, lowering of anodes and vent pipe, coke 
breeze backfill, and placement of seals only during daylight hours and when observed by the ENGINEER. 


d. When holes are drilled to the specified depth, circulate clean water in the hole to clear it drilling mud and 
cuttings. 


e. Recirculate sufficiently to allow the settling of coke breeze without causing danger of anode hole collapse or 
wall sloughing. 


f. Schedule Work of anode bed loading preparations and assembly early in the day. 
g. Do not begin flushing and anode loading after 2:00 p.m. without prior written approval of the ENGINEER. 


12. Electrical logging: 
a. Flush the hole and electrically log the hole in the presence of the ENGINEER to determine downhole soil layer 


electrical characteristics for optimum anode evaluation. 
b. Make a resistance-to-earth reading as a short section of pipe or as the test anode is lowered down the hole. 
c. Testing will require suitable meters; a short section of weighted pipe or test anode; connection to a low 


resistance ground; a wire reel with the appropriate type, size, and amount of wire to reach the bottom of hole; 
and, a method to determine the depth of weighted pipe or the anode below surface. 


d. The current source shall be a minimum 12 VDC equipped with a shunt to measure current through the shunt. 
e. The use of a soil resistivity meter is not an acceptable method to log the drilled hole. 
f. Record resistance readings and depth from the bottom of the surface casing to the bottom of the hole 


continuously or at 5 foot increments for the entire hole depth; log hole and test anode or short piece of pipe 
removed prior to inserting the first anode and the vent pipe. 
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g. Based on the results of electrical log data and the driller’s log of soil formations, the ENGINEER may modify 
anode spacing and drilling depth. 


13. Lowering of anodes: 
a. Lower anodes after drilling, the ENGINEER’s review of the driller’s log, and the electrical logging of the hole 


are completed. 
b. The actual lowering of anodes and backfilling of the hole with coke breeze shall be observed by the 


ENGINEER. 
c. Delay installation of anode assembly and coke breeze until the next day if it cannot be completed during 


daylight of the same day as the completion of drilling and electrical loggings. 
d. If installation of the anode assembly is delayed more than 4 hours from completion of drilling operations, 


reinsert drill stem and bit and run back to the bottom of the hole. 
e. Maintain sufficient bit rotation and circulation to ensure the drilled hole is adequately prepared for anode and 


coke breeze installation. 
f. Place a minimum of one centralizer with 3 ribs or flights on each anode and adjust to fit down the hole and not 


cause damage to the wire insulation while keeping the anode in the center of the drilled hole. 
g. Place 3 centralizers, ribs, or flights 120 degrees apart. 
h. Do not damage the anode when attaching the centralizers; do not leave sharp edges or corners that may 


damage wire insulation. 
i. If metallic centralizers are used, tape ends to minimize possible damage to wire insulation. 
j. If a hole is drilled with mud, flush the hole with clean water in a continuous process before or after anodes are 


lowered until the return fluid is sufficiently clear to allow for the proper installation and settlement of anodes, 
vent pipe, and coke breeze. 


k. The ENGINEER will inspect the return fluid before coke breeze installations can begin. 
l. Maintain the hole full of water during the installation of the anodes and coke breeze backfilling. 
m. Lay out anode leads and vent pipe to prevent damage, allow inspection, and to allow ease of downhole 


installation. 
n. Attach centralizers to each anode prior to lowering down the hole. 
o. The ENGINEER will inspect anodes and lead wires for damage. 
p. Damage to anodes or lead wires is cause for rejection of that anode assembly. 
q. Measure the anode lead wire length to verify and monitor actual anode depth and spacing in the drilled hole 


by one of the following methods: 
1) Measure anode lead length as the individual anode is lowered down the hole with a wire measurer to 


confirm actual anode elevation and spacing. 
2) Pre-measure the anode length and compare it to other anode lengths for reference; lay out anode leads, 


measure actual anode wire length, and pre-mark them to demonstrate actual wire lengths and show that 
the difference between end of wires are equal to specified spacing. 


r. If a pre-drilled vent is used, encase it in a geotextile sock and secure the sock with 2 complete wraps of tape 
on each end of the 20 foot pipe section. 


s. If slotted vent pipe is used, a geotextile sock is not required. 
t. For deep anode groundbeds, first attach the deepest anode to the pre-drilled or slotted vent pipe; seal weight 


with a cap or plug. 
u. After electrical logging is complete, carefully lower the anode and the vent pipe to the bottom of the hole. 
v. Wipe vent pipe individual ends clean and dry, and glue with solvent type cement. 
w. Solvent type cement and primer shall be designed to be suitable for similar fast set, immersion service, and 


joining of PVC. 
x. Clean, prime, glue, rotate the connection, and allow to sufficiently dry before the vent pipe is lowered. 
y. Lower remaining anodes individually. 
z. Monitor individual anode depth and spacing. 
aa. Maintain sufficient slack in the anode lead cables to prevent damage during anode installation and backfilling 


operations. 
bb. When the anode is at the specified depth, suspend in the hole and securely tie off around the suspension bar 


or the pipe with a sufficient diameter 2 1/2-inches minimum to prevent sharp bending of wires. 
cc. Tie wires off in order. 
dd. Keep anodes securely fastened until the coke breeze backfill has been placed and has settled. 
ee. Take care to avoid damage to anode assembly and wires from casing or drill rig. 
ff. During installation, if any anode is damaged or wire insulation is cut, gouged, or scraped, the anode and wire 


shall be replaced. 
gg. No wire splices will be allowed except those shown on the Drawings and approved by the ENGINEER. 
hh. Elevation and spacing of anodes shall be as shown on the Drawings unless the ENGINEER modifies the 


anode depth and spacing in the field based on the driller’s geological and electrical logs. 
ii. If directed by the ENGINEER, modify anode elevation by installing a gravel layer below the first anode or by 


over-drilling the hole. 
jj. If needed, flush the hole to allow for the installation and settlement of the gravel layer for anode location 


adjustment. 







EFFECTIVE JANUARY 2014 10 SECTION 26 42 13.01 
  IMPRESSED CURRENT CATHODIC 
  PROTECTION FOR BURIED AND 
  SUBMERGED PIPING, STRUCTURES, 


AND APPURTENANCES 


14. Backfilling of the anode hole: 
a. After the anode assembly is installed to the predetermined depth, place the coke breeze column around the 


anodes by pumping. 
b. Thoroughly mix with water to prepare coke breeze slurry in accordance with the Manufacturer’s instructions. 
c. Pump coke breeze slurry in the hole at high pressure through an additional plastic pipe. 
d. Install plastic pipe in the drilled hole before or after the first anode and vent pipe assembly is installed in the 


drilled hole but before the remaining anodes are installed. 
e. Pump in an even and continuous manner around each anode from the bottom of the hole to the top as the 


pipe is slowly and carefully withdrawn. 
f. Take care not to damage pipe or to remove pipe too fast. 
g. Continue the pumping operation in continuous operation when started. 
h. Install a sufficient amount of coke breeze to cover the top anode as shown on the Drawings. 
i. Conduct resistance measurements between the appropriate grounded structure or pipeline and each 


individual anode lead as coke breeze is pumped into the drilled hole. 
j. Start individual anode resistance measurements with the bottom anode first. 
k. When the resistance measurement indicates that the coke breeze level has covered the first anode, connect 


the test leads to the next higher anode lead wire and repeat the resistance measurement. 
l. Conduct resistance testing consecutively for each anode as the coke breeze is installed. 
m. Utilize resistance measurements to monitor the coke breeze level in the drilled hole and detect any possible 


coke breeze bridging problems during the pumping process. 
n. After the coke breeze has been placed and settled and the anodes have become substantially set, measure 


the electrical resistance of the individual anodes again to verify that no bridging occurred. 
o. Do not move the anode by pulling up on lead wire. 
p. Measure, record, and submit initial and final individual anode resistance-to-earth for each drilled location. 
q. Take care to not damage the anode assembly and to avoid plugging the vent pipe, bridging of coke breeze, 


collapsing of the hole, and over-filling or under-filling the hole. 
r. If the hole collapses, coke breeze bridges, vent pipe plugs, anode assembly is damaged, or the hole is 


under-filled or over-filled, take the necessary steps to resolve and correct the problem at the CONTRACTOR’s 
expense. 


s. After the coke breeze is installed and has settled for a minimum of one day and anodes are set, measure the 
depth to the top of coke breeze column to ensure coke breeze is at the elevation shown on the Drawings to 
maintain sufficient cover for anodes and electrical isolation from the structure to be protected. 


t. If the hole is over-filled by more than 15 feet, remove coke breeze to provide the elevation shown on the 
Drawings. 


u. If the hole is under-filled by more than 5 feet, add additional coke breeze to the elevation shown on the 
Drawings by hand shoveling a saturated mixture of coke breeze and water to bring the coke breeze level up to 
the depth shown on the Drawings. 


v. Upon acceptance of the coke breeze installation, either add 1 1/2 inches of washed gravel, if allowed by local 
authorities, or drill cuttings, bentonite clay, or cement to fill the hole to depth shown on the Drawings to seal 
the deep anode hole as required by local authorities and the Contract Documents. 


15. Placement of seal: 
a. The ENGINEER will measure the elevation of the gravel. 
b. Upon acceptance of washed gravel or top coke breeze elevation, place sealing material from the top of the 


gravel backfill or coke breeze to a point 12 inches below the finished elevation of well seal or hole termination 
depth shown on the Drawings or as required by local authority well drilling regulations. 


c. The method of seal placement shall force the sealing material from the bottom of the space to be sealed to the 
surface. 


d. Place sealing material in a manner that ensures the entire filling of the space in one continuous operation. 
e. Complete vent pipe and lead wire termination prior to the placement of the seal inside the casing. 
f. Conduit and vent pipe penetrations through the seal are allowed if rubber packing is used to seal the annular 


space watertight. 
16. Vent pipe: 


a. Seal the bottom of the vent pipe with a plastic end cap or plug. 
b. Drilled vent pipe holes: 


1) Diameter:  3/8-inch. 
2) Holes to penetrate pipe at 4 quadrants around the circumference at each drilled location and space 


equally at 4 inches apart throughout each perforated 2 foot section. 
c. Wrap in geotextile fabric sock to prevent intrusion of fine-grained coke breeze into vent pipe: 


1) Nilex filter sock. 
2) Non-deteriorating geotextile material of sufficient durability and attachment to the pipe to resist tearing 


and damage during installation. 
3) Thread above the grade end of the steel vent pipe, 3 inches to 6 inches, and install threaded screened 


bushing, drilled plastic, or steel and cap to prevent entry into or blockage of the vent pipe by foreign 
objects or insects. 
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d. Slotted vent pipe: 
1) Vertical slits approximately 0.006 inch wide and 1 1/2 inches long cut in a parallel pattern to longitudinal 


centerline of the plastic pipe. 
2) Slot spacing:  One inch from the preceding slit at approximately 6 inch centerline separation distance. 


e. Extended from the bottom to the top of the drilled hole. 
f. Perforated in a continuous manner such that perforated sections are adjacent to anodes for the entire active 


anode column length upon installation. 
g. Terminate at the top of the anode hole or at the rectifier pole as shown on the Drawings. 
h. Above grade portion of the one-inch vent pipe:  Steel surface vent pipe as specified in this Section. 
i. Connect steel vent pipe to the plastic downhole vent pipe with the appropriate plastic-to-steel coupling. 
j. Terminate a minimum of 24 inches above grade and 12 inches above the known floodplain elevation. 
k. Install a 180 degree gooseneck on the steel vent pipe and a cap with pre-drilled end cap or a screened 


bushing. 
l. Place the well cap in the casing and tighten bolts to torque in accordance with the Manufacturer’s instructions. 


17. Anode terminal box:  Installed in the ICCP building at the top of the deep anode groundbed as shown on the 
Drawings. 


18. Anode lead wire termination: 
a. Terminated in anode terminal box as shown on the Drawings. 
b. Connect rectifier positive wire and anode lead wires with appropriate shunts and copper bus bars. 
c. For deep anode groundbeds, cut a smooth round hole in the side of the surface casing for routing of the 


anode lead wires as shown on the Drawings. 
d. Grind or file edges smooth. 
e. Provide and install a suitable type and size of rubber or plastic grommet fitting at the casing wall to protect 


anode lead wires from damage. 
f. Label wires in the boxes with permanent non-ferrous tags identifying the anode number and the rectifier lead. 
g. Connect numbered anode leads in consecutive order to the anode terminal starting with the bottom anode as 


Number 1 at the top left hand junction box terminal. 
C. Test Station:  Install the rectifier location as specified in SECTION 26 42 00. 
D. Conduits and Junction Boxes: 


1. Wires installed above grade: 
a. Install wires in PVC-coated RGS conduit and fittings. 
b. Secure wires with double hole conduit straps with wood screws on wood bolts and expansion shields on 


concrete or brick, toggle bolts on hollow masonry units, and machine screws or welded and threaded studs on 
steelwork. 


2. Wires installed below grade:  Install wires in PVC-coated RGS conduit and fittings. 
3. Mount boxes and exposed conduit plumb and level. 
4. Install in a secure, substantial manner by attachment to the appropriate wood post, channel, service pole, building 


structure, or structural member. 
5. Threaded studs driven in by powder charge and provided with split washers and nuts are acceptable. Use 


expansion shields. 
6. Secure conduits entering cabinets, junction, or terminal boxes with double galvanized locknuts, one on the inside 


and one on the outside of the box and with bushings. 
7. In outdoor, underground, or buried locations, use watertight couplings, and connections. 
8. Open no more knockouts in the box than required. 
9. Seal unused openings. 
10. Install to prevent water from entering the conduit or the box. 
11. Install insulated bushings and insulating throat connectors on the ends of PVC-coated RGS that terminate in test 


stations, junction or terminal boxes, and rectifier cabinets. 
12. Make PVC-coated RGS watertight and free of obstructions. 
13. Ream PVC-coated RGS, remove burrs, degrease and paint threads, and clean the conduit interior before 


introducing cables or pull wires. 
14. Use elbows for bends 30 degrees or larger. 
15. Solvent weld plastic conduit joints with solvent recommended by the conduit Manufacturer. 
16. Follow the Manufacturer’s instructions and provide watertight joints. 
17. Use acceptable plastic terminal adapters and female adapters when joining plastic conduit to metallic fittings or 


conduit. 
E. Buried Conductors: 


1. Install test leads and rectifier leads from the negative rectifier terminal to the pipeline; attach by exothermic weld 
method to pipe. 


2. Install rectifier leads from the positive rectifier terminal to the anode junction box as shown on the Drawings. 
3. Apply red electrical tape to the positive lead wire a maximum of 3 inches from the positive rectifier connection for 


identification purposes. 
4. Bury cathodic protection cables and wires a minimum of 36 inches below finished grade. 
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5. Only splices shown on the Drawings or approved by the ENGINEER are permitted on rectifier leads and anode 
header wires. 


6. Insulation on wires shall be free of cut or abraded areas. 
7. Avoid damage to existing structures, pipelines, and utilities during the trenching process. 
8. Cathodic protection cable trenches: 


a. Locate and route as shown on the Drawings. 
b. Modify location to minimize possible damage to existing structures; obtain approval for modification. 
c. Uniform depth and width, level, smooth, and free of any sharp objects. 
d. Hand trenching may be required in some areas to avoid damage to existing structures. 


9. Warning tape: 
a. Bury approximately 12 inches above underground cathodic protection cable. 
b. Align parallel to and within 2 inches of centerline of conduit or cable run. 


F. Conductors in Boxes: 
1. Do not damage wire, insulation, or conduit during the installation process. 
2. Route and maintain sufficient slack in cables and wires to prevent the conductor from being unduly stressed, 


damaged, or broken during installation or backfill operations. 
3. Do not exceed the cable Manufacturer’s recommendations for maximum pulling tensions and minimum bending 


radii. 
4. Where a pulling compound is used, use only a UL listed compound compatible with cable outer insulation and the 


conduit type involved. 
5. Wires: 


a. Installed in continuous length, free of splices, except those approved by ENGINEER. 
b. Insulation:  Free of cut, damaged, or abraded areas. 
c. If field conditions dictate that a splice is required or wire is damaged, repair splices or damage to wire 


insulation at the discretion of the ENGINEER.  Use a waterproof splice kit for splices. 
d. Replace wire and insulation with damage. 
e. Splice and wire insulation repair shall be approved by the ENGINEER. 


6. Arrange wiring neatly in the rectifier, the test station, and the junction or terminal box; cut to proper length; remove 
surplus wire and attach the terminal or connect to the junction box or the rectifier terminal as specified. 


7. Provide cathodic protection cables, test station, and reference electrode wires with sufficient slack and looped or 
coiled at the pipeline and the boxes to prevent wire from being unduly stressed or broken during backfilling 
operations. 


G. Exothermic Weld Wire Connections:  Use for the electrical connection of copper wire to metallic surfaces as specified 
in SECTION 26 42 00. 


H. Wire Connection Coating:  As specified in SECTION 26 42 00. 
I. Permanent Reference Electrode:  Install as specified in SECTION 26 42 00. 


3.3 QUALITY CONTROL 
A. Installation is not complete until AC and DC wiring is complete and the rectifier is capable of operating at the full rated 


capacity. 
B. Leave AC to the rectifiers off and the rectifiers turned off during the installation of cathodic protection groundbeds. 
C. Keep AC power, entrance switches, and rectifier enclosures secured with padlocks and safely turned off until operation 


tests are performed in the presence of the ENGINEER. 
D. Preservation, restoration, and cleanup: 


1. Keep the site neat and orderly. 
2. Remove excess equipment and cuttings daily. 
3. Contain and remove excess materials, mud, waste, products, and tailings. 
4. Confine operations to construction easements and Work areas. 
5. Restore the Work site to a condition equivalent to the condition to the satisfaction of the ENGINEER. 
6. Prevent contamination of Work area: 


a. Do not dump or spill oil, fuel, solvents, coatings, rubbish, or similar materials on the ground or in or near 
streams or wetland areas. 


b. Prevent stream or groundwater contamination. 
c. Provide containment for and remove excess materials, drilling mud, and waste products from the site as 


necessary to meet the local road and highway requirements and the permit and easement conditions. 
d. Contain and cleanup contamination to any aquifer, stream, or soil at the CONTRACTOR’s expense. 


7. Upon the Substantial Completion date, remove materials, scraps, and debris from the premises and from the 
interior and exterior of devices and equipment. 


8. Touch up scratches, scrapes, and chips in the interior and exterior surfaces of devices and equipment with finishes 
matching as nearly as possible the type, color, consistency, and type of surface of the original finish. 


9. If extensive damage to equipment paint surfaces occurs, completely refinish to equal or better than factory finish. 
10. Correct damage to existing structures or utilities at the CONTRACTOR’s expense. 
11. Repair damage to concrete and asphalt sidewalks, curbs, roads, and driveways. 
12. If subsequent trench or undercrossing settlement, cracking, subsidence, or other indication of failure occurs within 


the warranty period, promptly repair or replace at the CONTRACTOR’s expense. 
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E. Testing: 
1. Impressed current anode:  An anode will be selected at random for the CONTRACTOR to conduct, at the 


CONTRACTOR’s expense, an independent laboratory analysis to determine if the material meets specification 
requirements. 


2. The CONTRACTOR shall be present during testing. 
3. ICCP: 


a. When construction is complete, notify the ENGINEER in writing a minimum of 3 days prior to when the 
installation is ready to be turned on. 


b. Testing shall be performed by the CONTRACTOR’s Senior Corrosion Technologist or representative. 
c. Notify the ENGINEER in writing a minimum of 2 days prior to testing. 
d. Energize installation. 
e. Conduct an operating test to demonstrate that equipment and material are installed correctly and operating 


properly for initial approval by the ENGINEER. 
f. Functional testing: 


1) Demonstrate operation of the rectifier from 0% to 100% of the rated capacity. 
2) Test across terminal and junction box shunts to confirm all portions of groundbed are functioning 


correctly. 
3) Test the system resistance. 
4) Test the resistance of the earth of the deep anode system. 
5) Test the resistance to earth of the structure. 
6) Test the current output of each anode. 
7) Test the resistance between anodes. 


g. Final testing/commissioning:  Make adjustments in the output of the system and conduct sufficient testing 
throughout the network of protected structures and piping to ensure proper installation. 


h. Locate, correct, and retest system defects or incomplete Work identified during functional and final 
testing/commissioning or warranty inspections at no additional cost to the OWNER. 


END OF SECTION 
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SECTION 26 42 13.02 
ABANDONMENT OF IMPRESSED CURRENT CATHODIC PROTECTION FOR BURIED 


AND SUBMERGED PIPING, STRUCTURES, AND APPURTENANCES 
PART 1 GENERAL 
1.1 SUMMARY 


A. Section includes general information, products, and execution for the abandonment of impressed current cathodic 
protection for buried and submerged piping, structures, and appurtenances. 


B. Related Sections: 
1. SECTION 26 42 13.01 – IMPRESSED CURRENT CATHODIC PROTECTION FOR BURIED AND SUBMERGED 


PIPING, STRUCTURES, AND APPURTENANCES 
1.2 DEFINITIONS 


A. As specified in SECTION 26 42 00. 
1.3 SUBMITTALS 


A. Product Data:  As specified in SECTION 26 42 00. 
B. Well Abandonment Report. 
C. Warranty Documentation: 


1. Sample warranty. 
2. Warranty. 


1.4 QUALITY ASSURANCE 
A. Field Supervision:  As specified in SECTION 26 42 13.01. 


1.5 WARRANTY 
A. Warranty for one year from the Substantial Completion date for the satisfactory performance of the abandonment and 


associated appurtenances. 
PART 2 PRODUCTS 
2.1 APPROVED MANUFACTURERS 


A. Bentonite Sealer: 
1. Cathodic Engineering Equipment, Co., Inc., PermaPlug. 
2. Mesa, Enviroplug  


2.2 MATERIALS 
A. Groundbed Backfill:  Provide sufficient backfill to completely fill the casing to the required depth. 
B. Hardware:  Remove and dispose of washers, terminal nuts, and studs. 
C. Sealing Material:  As specified in SECTION 26 42 13.01. 


PART 3 EXECUTION 
3.1 GENERAL 


A. Notify the ENGINEER in writing 2 days prior to beginning Work to verify the existing rectifier is off. 
B. Do not perform exothermic welding or utilize open flame or torches in areas of flammable vapors or airborne particles 


where a fire or explosion could result. 
C. Install and work around above grade and buried AC power lines and oil and gas pipelines with extreme care; follow the 


minimum separation distances in accordance with other utility requirements and regulations. 
D. Do not work next to power lines during times of high lightning activity. 


3.2 INSTALLATION 
A. Abandonment of Deep Anode Groundbed: 


1. Remove and dispose of building materials, rectifier, junction box, and conductors as shown on the Drawings. 
2. Ensure the ENGINEER observes the process. 
3. Seal as specified herein or as required by local authority drilling regulations; the most stringent requirements apply. 
4. Avoid contamination of the aquifer with contaminated water, gasoline, drilling fluids and additives, or other 


deleterious substances during construction through opening or by seepage through the ground surface. 
5. Take precautions to avoid the entrance of foreign matter into the hole, the movement of soil strata, and the 


collapsing of the hole during progress of the Work. 
a. Sealing: 


1) Seal annular space around the surface casing and soil in accordance with state requirements and local 
well drilling regulations. 


2) Allow sealing material to reach initial set before continuing additional Work on the drilled hole that may 
disturb the seal. 


3) Seal the hole to prevent the downhole movement of surface water and intermixing of different aquifers. 
4) Where separate aquifers are encountered, install a bentonite seal between the aquifers. 
5) Bentonite seal thickness shall be a minimum of 3 feet. 


b. Contain and dispose of drilling mud and cuttings in a legal manner. 
6. Placement of seal: 


a. The uppermost 5 feet of casing shall be filled with grout or a permanent watertight cover. 
b. Place sealing material from the top of the gravel backfill or the coke breeze to a point 12 inches below the 


finished elevation of the well seal or the hole termination depth shown on the Drawings or as required by local 
authority well drilling regulations. 


c. The method of seal placement will force sealing material from the bottom of the space to be sealed to the 
surface. 
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d. Place sealing material in a manner that ensures the entire filling of space in one continuous operation. 
B. Conduits and Junction Boxes: 


1. Wires installed above grade:  Cut below grade and remove. 
2. Wires installed below grade:  Cut and remove. 
3. Remove mounted boxes and exposed conduit. 


3.3 QUALITY CONTROL 
A. Leave AC to rectifiers off and rectifiers turned off during any Work performed on cathodic protection groundbeds. 
B. Keep AC power, entrance switches, and rectifier enclosures secured with padlocks and safely turned off until operation 


tests are performed in the presence of the ENGINEER. 
C. Preservation, restoration, and cleanup:  As specified in SECTION 26 42 13.01. 


END OF SECTION 
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SECTION 26 42 16 
FLANGE ELECTRICAL ISOLATION AND JOINT CONTINUITY BONDING 


FOR CATHODICALLY PROTECTED METALLIC PIPING SYSTEMS AND BOLTED SLEEVE TYPE COUPLINGS 
PART 1 GENERAL 
1.1 SUMMARY 


A. Section includes general information, products, and execution for flange electrical isolation and joint continuity bonding 
for cathodically protected metallic piping systems and BSTCs. 


B. Related Sections: 
1. SECTION 09 97 13.04 – WAX TAPE COATINGS FOR THE EXTERIOR OF METALLIC PIPING SYSTEMS 
2. SECTION 26 05 19 – LOW-VOLTAGE CONDUCTORS 
3. SECTION 26 42 00 – COMMON WORK RESULTS FOR CATHODIC PROTECTION 
4. SECTION 33 11 01 – PIPING – GENERAL 
5. SECTION 33 11 01.01 – STEEL PIPING 


1.2 REFERENCES 
A. American Water Works Association (AWWA): 


1. C 219 – Bolted, Sleeve-Type Couplings for Plain-End Pipe 
B. ASTM International (ASTM): 


1. D 1248 – Standard Specification for Polyethylene Plastics Extrusion Materials for Wire and Cable 
2. F 436 – Standard Specification for Hardened Steel Washers  


C. Denver Water (DW): 
1. Engineering Standards, MS-30 – Bolted Sleeve-Type Couplings 


D. National Association of Corrosion Engineers (NACE): 
1. SP0169 – Standard Practice, Control of External Corrosion on Underground or Submerged Metallic Piping 


Systems 
2. SP0286 – Standard Practice, Electrical Isolation of Cathodically Protected Pipelines 


E. Underwriters Laboratory (UL): 
1. UL 83 – Specification for Thermoplastic-Insulated Wires and Cables 


1.3 SUBMITTALS 
A. Product Data:  As specified in SECTION 26 42 00. 
B. Shop Drawings:  As specified in SECTION 26 42 00. 
C. Quality Control Submittals: 


1. Senior Corrosion Technologist qualifications:  As specified in SECTION 26 42 00. 
D. Warranty Documentation: 


1. Sample warranty. 
2. Warranty. 


E. Testing Data:  As specified in SECTION 26 42 00. 
F. The following supplement can be found online in DW’s CPPM: http://www.denverwater.org/DoingBusinesswith 


Us/EngineeringOverview/CapitalProjectsProceduresManual/: 
1. Contractor Corrosion Prevention Project Progress Checklist. 


1.4 QUALITY ASSURANCE 
A. Senior Corrosion Technologist:  As specified in SECTION 26 42 00. 
B. Provide the Manufacturer’s certification that materials components meet the requirements of the Contract Documents; 


include references for the applicable Sections and standard details. 
C. Provide the Manufacturer’s stamp on materials components. 
D. Materials, fabrication, and installation are subject to inspection and testing by the ENGINEER. 


1.5 WARRANTY 
A. Warranty for one year from the Substantial Completion date for the satisfactory performance and installation of the 


flange electrical isolation and joint continuity bonding for cathodically protected metallic piping systems and associated 
appurtenances. 


PART 2 PRODUCTS 
2.1 APPROVED MANUFACTURERS 


A. Insulating Flange Gasket: 
1. Durlon 8600 
2. Garlock 3200 
3. KlingerSil C-4324 
4. KlingerSil C-6400 
5. Leader 940 


B. BSTC:  In accordance with DW Engineering Standard MS-30 
C. Valve Stem Insulation: 


1. Lovejoy Spider 
2.2 MATERIALS 


A. Provide Flange Isolation Sets: 
1. As specified in SECTION 33 11 01.01. 
2. Provide where shown on the Drawings. 
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3. Include slip-on insulating gasket, insulating sleeves, insulating washers or combination sleeve and washers, and 
steel washers. 


4. Insulating flange gasket: 
a. Non-asbestos, full face, 1/8-inch thick and unsegmented. 
b. Arimid fiber with SBR binder. 
c. Weld-neck insulating gaskets shall not be used without the ENGINEER’s approval. 


5. Insulating sleeves and washers for stud diameters 1 1/2-inch or smaller: 
a. One-piece, 1/32-inch thick. 
b. Material:  High-density PE, acetyl resin, G10, or minlon. 
c. Sleeve lengths:  One flange thickness plus one gasket thicknesses. 
d. Flange bolt holes:  1/4 inch oversized. 


6. Insulating sleeves and washers for stud diameters larger than 1 1/2-inch: 
a. Two-piece, 1/32-inch thick. 
b. Material:  High-density PE, acetyl resin, G10, or minlon. 
c. Insulating washer:  1/8-inch thick phenolic material. 
d. Sleeve lengths:  One flange thickness plus 2 gasket thicknesses. 
e. Flange bolt holes: 1/4-inch oversized. 


7. Steel washers:  Hardened steel in accordance with ASTM F 436. 
B. BSTC:  Manufactured in accordance with AWWA C 219 and as specified in SECTION 33 11 01. 
C. Valve Stem Insulation: 


1. Finger coupler. 
2. Material:  SOX, NBR, Rubber, Nitrile Butadlene, Buna-N Rubber. 


D. Joint Continuity Bonding: 
1. As specified in SECTION 26 05 19. 
2. Provide #2 AWG, #4 AWG, or #8 AWG wires on push-on, mechanical, or uninsulated flanged joints; welded steel 


pipe does not require bond wire. 
3. Type:  AWG solid or stranded copper wire rated at 600 V, bare or with Kynar and HMWPE insulation suitable for 


direct burial in corrosive soil or water in accordance with UL 83 and ASTM D 1248, Type 1, Class C. 
4. Wire size and number of wires required: 


 


Pipe Size Wire Size 
(AWG) No. of Wires per Joint 


12-inch and smaller #8 1 
14-inch to 36-inch #4 2 
40-inch and larger #2 3 


 
5. Wire insulation:  As determined by the ENGINEER and shown on the Drawings. 
6. Length:  Sufficient to accommodate pipe or joint movement without damage to wire or exothermic weld; one inch 


minimum slack on each side or 2 inches total. 
7. Provide with formed copper sleeves at each end of the wire. 
8. The wire conductor for field-applied sleeves shall extend a 1/4 inch beyond the end of the copper sleeve. 
9. Angle the end of factory-formed sleeves to allow the end of the wire to be exposed to the exothermic weld 


material. 
PART 3 EXECUTION 
3.1 INSTALLATION 


A. Insulated Flange Gasket Sets: 
1. Install as shown on the Drawings, in accordance with the Manufacturer’s instructions, and in accordance with 


NACE SP0286. 
2. Clean flange surfaces and holes of dirt, grease, oil, and contamination. 
3. Examine flange and bolt hole surfaces for burrs, sharp edges, or spurs. 
4. Remove irregularities. 
5. Align flanges concentric and parallel. 
6. Line up bolt holes with non-tapering drift pins at a minimum of 3 locations with 120 degrees of separation to 


prevent damage to insulating sleeves. 
7. Protect the gasket from damage. 
8. Do not use grease, lubricant, or adhesives on flange faces or on the gasket. 
9. Measure and adjust the sleeve length as specified in this Section. 
10. Insert sleeves over studs and place a metal washer over the end.  Line up holes in the flange and install a stud 


with the sleeve into place. 
11. Do not force the stud insulating sleeve into the flange. 
12. Check alignment and readjust as required. 
13. Replace damaged insulating sleeve. 
14. Place a metal washer on the end of the insulating sleeve and secure with a nut. 
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15. Tighten studs a few turns at a time, in sequence, and use the sequence in accordance with the Contract 
Documents until the studs are uniformly tightened and both flanges are in uniform contact with the gasket. 


16. Repeat the tightening sequence with a torque wrench at the Manufacturer’s recommended torque value. 
17. Install bond station as shown on the Drawings as specified in SECTION 26 42 00. 
18. Test the flange to ensure the insulator is functioning properly prior to backfilling. 
19. The Senior Corrosion Technologist shall test the joint to assure proper functionality of insulator and bond site. 
20. Contact the ENGINEER a minimum of 2 days prior to testing. 
21. The ENGINEER will observe or assist with testing.  Record test results with a narrative. 
22. For failed insulated flanged joints: 


a. Disassemble joint. 
b. Replace malfunctioning insulation materials. 
c. Reassemble joint using new studs. 
d. Retest joint as specified in this Section. 
e. Contact ENGINEER in accordance with this Section. 


23. Install wax tape as specified in SECTION 09 97 13.04 on flanges and bolts. 
B. BSTC: 


1. Install in accordance with NACE SP0286 and as specified in SECTION 33 11 01. 
2. Coat with wax tape as specified in SECTION 09 97 13.04. 


C. Valve Stem Insulation:  Install in accordance with the Manufacturer’s recommendations. 
D. Joint Continuity Bonding: 


1. Bond non-insulated, push-on, and flexible coupled joints to provide electrical continuity across joints. 
2. Electrical bonding shall be in accordance with NACE SP0169. 
3. The size and number of wires needed per joint shall be in accordance with this Section. 
4. Prepare metallic surfaces and attach electrical bonding wires to metallic surfaces with exothermic welds as 


specified in SECTION 26 42 00. 
5. Repair coating lining damage. 
6. Push-on joints: 


a. Cut wire to proper length. 
b. Strip one inch of insulation from each end of the wire. 
c. Attach copper sleeves to the bare ends of the wire. 
d. Exothermic weld one end of the wire to the bell of the joint and the other end of the wire to the spigot of the 


joint. 
e. Visually and physically test the quality of connections by tapping with a hammer and lightly pulling on the wire. 
f. Remove and replace visually defective, porous, or inadequate exothermic welds. 


7. Flanged joints: 
a. Cut wire to the proper length. 
b. Strip one inch of insulation from each end of the wire. 
c. Attach copper sleeves to the bare ends of the wire. 
d. Exothermic weld one end of the wire to one flange and the other end of the wire to the opposite flange. 
e. Test the wires as described herein. 


8. BSTC: 
a. Cut wire to the proper length. 
b. Strip one inch of insulation from the ends of the wires. 
c. Attach copper sleeves to the bare ends of the wires. 
d. Exothermic weld one end of Wire 1 to the pipe and the other end of Wire 1 to the barrel of the coupling. 
e. Exothermic weld one end of Wire 2 to the barrel of the coupling and the other end of Wire 2 to the opposite 


side of the pipe. 
f. Exothermic weld one end of Wire 3 to the pipe and the other end of Wire 3 to one follower ring. 
g. Exothermic weld one end of Wire 4 to the opposite follower ring and the other end of Wire 4 to the 


corresponding side of the pipe. 
h. Test the wires as described herein. 
i. For insulated coupling, omit steps e and g. 


E. Backfilling – Bond Wires: 
1. Protect joint continuity bond wires to prevent damage to wire or insulation during backfilling. 
2. Perform continuity testing by means of a pipe locator at intervals determined by the ENGINEER prior to the Final 


Completion date.  Record test results. 
3. Replace joint continuity bond wires found to be damaged or to have a high resistance connection at no additional 


expense to OWNER. 
4. GPS locations:  As specified in SECTION 26 42 00. 


3.2 QUALITY CONTROL 
A. Intermittent and Final Testing:  As specified in SECTION 26 42 00. 


END OF WORK 
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SECTION 26 42 19 
PASSIVE CATHODIC PROTECTION FOR BURIED AND 


SUBMERGED PIPING, STRUCTURES, AND APPURTENANCES 
PART 1 GENERAL 
1.1 SUMMARY 


A. Section includes general information, products, and execution for passive cathodic protection for buried and 
submerged piping, structures, and appurtenances. 


B. Related Sections: 
1. SECTION 26 42 00 – COMMON WORK RESULTS FOR CATHODIC PROTECTION 
2. SECTION 26 42 13.01 – IMPRESSED CURRENT CATHODIC PROTECTION FOR BURIED AND SUBMERGED 


PIPING, STRUCTURES, AND APPURTENANCES 
1.2 REFERENCES 


A. ASTM International (ASTM): 
1. B 418 – Standard Specification for Cast and Wrought Galvanic Zinc Anodes 
2. B 843 – Standard Specification for Magnesium Alloy Anodes for Cathodic Protection 


B. Underwriters Laboratory (UL): 
1. UL 83 – Specification for Thermoplastic-Insulated Wires and Cables 


1.3 SUBMITTALS 
A. Product Data:  As specified in SECTION 26 42 00. 
B. Shop Drawings:  As specified in SECTION 26 42 00. 
C. Quality Control Submittals: 


1. As-Built Drawings of anodes showing the exact locations of wiring, connections, and terminal boxes. 
2. Senior Corrosion Technologist qualifications:  As specified in SECTION 26 42 00. 
3. Testing data:  As specified in SECTION 26 42 00. 


D. Warranty Documentation: 
1. Sample warranty. 
2. Warranty. 


E. The following supplement can be found online in DW’s CPPM: http://www.denverwater.org/DoingBusinesswith 
Us/EngineeringOverview/CapitalProjectsProceduresManual/: 
1. Contractor Corrosion Prevention Project Progress Checklist. 


1.4 QUALITY ASSURANCE 
A. Senior Corrosion Technologist:  As specified in SECTION 26 42 00. 
B. Provide the Manufacturer’s certification that anode components meet the requirements of the Contract Documents, 


include references for the applicable Sections and standard details. 
C. Anode Locations: 


1. Locations shown on the Drawings are approximate. 
2. Determine the exact location by field conditions, non-interference with other utilities, or mechanical and structural 


features. 
3. Note existing utilities in the area and avoid damage to these utilities. 
4. Repair damages to utilities to the satisfaction of the ENGINEER and other utility representatives at the 


CONTRACTOR’s expense. 
D. Materials, fabrication, and installation are subject to inspection and testing by the ENGINEER. 


1.5 WARRANTY 
A. Warranty for one year from the Substantial Completion date for the satisfactory performance and installation of the 


passive cathodic protection for buried and submerged piping, structures, and associated appurtenances. 
PART 2 PRODUCTS 
2.1 APPROVED MANUFACTURERS 


A. Magnesium Anodes: 
1. Farwest Corrosion Control, Ultramag High Potential 


B. Magnesium Condenser Anodes: 
1. Farwest Corrosion Control, Winca  


C. Zinc Anodes: 
1. Farwest Corrosion Control 


D. Welding Rods: 
1. Fleetwood P-5E6010 or P-5plus E6010 


2.2 MATERIALS 
A. Magnesium Anodes: 


1. Standard high potential ingots, prepackaged in permeable cloth bags with a backfill composition of 75% hydrated 
gypsum, 20% powered bentonite, and 5% anhydrous sodium sulfate completely surrounding the ingot. 


2. Metallurgic composition of the magnesium ingots in accordance with ASTM B 843, Grade M1C as listed below: 
 


Element Composition 
Aluminum 0.01%  maximum 
Manganese 0.50% to 1.3% 
Copper 0.02%  maximum 
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Element Composition 
Silicon 0.05%  maximum 
Nickel 0.001%  maximum 
Iron 0.03%  maximum 
Other (each) 0.05%  maximum 
Magnesium Remainder 


3. Bare magnesium ingot, backfill, and total weights shall conform to: 
 


Ingot Weight (lbs) Backfill Weight (lbs) Total Weight (lbs) 
2.5 (condenser) -- -- 


9 18 27 
7 28 35 


20 50 70 
32 38 70 
48 52 100 


4. Anode steel core:  Cast with a galvanized steel recess at one end for the lead wire connection. 
5. Anode lead wire: 


a. #12 AWG solid copper wire with THW, THWN, or THHN insulation in accordance with UL 83. 
b. Connect to core with silver solder. 
c. Insulate connection by filling the remainder of the recess with electrical potting compound. 
d. Length shall be sufficient to extend from the anode to the designated termination point without a splice, 


minimum 50 sf. 
e. Replace wires with cut or damaged insulation at the CONTRACTOR’s expense. 
f. Long enough to reach to the test station terminal box or to the pipeline or structure for attachment using the 


exothermic weld method, as specified in SECTION 26 42 00, without a splice. 
B. Magnesium Condenser Anodes: 


1. Bare standard potential round magnesium ingots cast around 3/4-inch steel pipe core with 1/2-inch diameter – 
13NC by one inch deep drilled and tapped center hole. 


2. Diameter, 5-inches; 2-inch thickness. 
3. Weight:  2.5 pounds. 
4. Anodes with any coating such as plastisol are not acceptable. 
5. Metallurgic composition of the magnesium ingots shall be in accordance with ASTM B 843, Grade AZ63B as listed 


below: 
 


Element Composition 
Aluminum 5.3% to 6.7% 
Zinc 2.5% to 3.5% 
Manganese 0.15% minimum 
Silicon 0.10% maximum 
Copper 0.02% maximum 
Nickel 0.002% maximum 
Iron 0.003% maximum 
Other 0.30% maximum 
Magnesium Remainder 


C. Zinc Anodes: 
1. High purity zinc ingots prepackaged in permeable cloth bags with backfill composition of 75% hydrated gypsum, 


20% powered bentonite, and 5% anhydrous sodium sulfate completely surrounding the ingot. 
2. Metallurgic composition of zinc ingots shall be in accordance with ASTM B 418, Type II as listed below: 


 
Element Composition 
Aluminum 0.1% to 0.5% 
Cadmium 0.025% to 0.07% 
Copper 0.005%  maximum 
Iron 0.005%  maximum 
Lead 0.006% maximum 
Zinc Remainder 
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3. Bare zinc ingots, backfill, and total weights shall conform to: 
 
Ingot Weight (lbs) Backfill Weight (lbs) Total Weight (lbs) 


5 11 16 
15 35 50 
33 67 100 
48 52 100 


 
4. Anode steel core:  Full length galvanized 1/4-inch diameter steel core, exposed at one end for connection to the 


lead wire. 
5. Anode lead wire:  As specified in this Section. 


PART 3 EXECUTION 
3.1 INSTALLATION 


A. Prepackaged Magnesium Anodes and Zinc Anodes: 
1. Remove plastic or paper shipping wrap from the anode prior to placement. 
2. Install horizontally or vertically at the bottom of the hole or trench: 


a. A minimum of 5 inches larger than the prepackaged anode diameter. 
b. In the area from the springline to the bottom and a minimum of 5 feet away from the pipeline or structure. 
c. Lower each anode into the hole or trench using a rope or sling. 
d. Do not lower, transport, handle, or lift the anode by the lead wire. 
e. Center each anode in the cloth bag. 
f. Take care to ensure the cloth bag is not damaged and no backfill is lost during installation. 


3. Backfilling:  As specified in SECTION 26 42 13.01. 
4. Prior to connecting the anode to the pipe, record native pipe to soil potential. 


B. Magnesium Condenser Anodes: 
1. Anode attachment: 


a. Use a standard threaded 2 1/2-inch by 1/2-inch steel bolt or stud welded to the metallic surface. 
b. Ensure surfaces are clean and dry. 
c. Use a grinding wheel to remove coating, mill scale, oxide, grease, and dirt from a 2-inch by 2-inch area. 
d. Obtain approval for the chemicals for use in surface preparation. 
e. Grind the surface to bright metal. 
f. Weld the bolt or stud to the surface using a welding rod; make sure the entire base of the bolt or stud is 


welded. 
g. After welding is complete, remove slag with a slag hammer. 
h. Tap on the bolt or stud with a rubber mallet to ensure the weld is stable and secure. 
i. Screw the anode to the bolt or stud by turning the anode in a clockwise direction. 


C. GPS Locations:  As specified in SECTION 26 42 00. 
D. Post Installation Backfilling of Anode – Lead Wires:  Replace anode lead wires that are damaged during backfill or that 


have a high resistance connection to substrate. 
3.2 QUALITY CONTROL 


A. Intermittent and Final Testing:  As specified in SECTION 26 42 00. 
END OF WORK 
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SECTION 26 43 00 
TRANSIENT VOLTAGE SURGE SUPPRESSORS 


PART 1 GENERAL 
1.1 SUMMARY 


A. Section includes general information, products, and execution for TVSS. 
B. Related Sections: 


1. SECTION 26 00 10 – COMMON WORK RESULTS FOR ELECTRICAL 
1.2 REFERENCES 


A. American National Standards Institute/Institute of Electrical and Electronics Engineers (ANSI/IEEE): 
1. C62.11 – Standard for Metal-Oxide Surge Arresters for AC Power Circuits (>1 kV) 
2. C62.33 – Standard Test Specifications for Varistor Surge-Protective Devices 
3. C62.41 – Recommended Practice for Surge Voltages in Low-Voltage AC Power Circuits 
4. C62.45 – Recommended Practice on Surge Testing for Equipment Connected to Low-Voltage (1000 V and Less) 


AC Power Circuits 
B. Underwriters Laboratories, Inc. (UL): 


1. 497A – Standard for Secondary Protectors for Communications Circuits 
2. 1283 – Standard for Electromagnetic Interference Filters 
3. 1449 – Standard for Surge Protective Devices 


1.3 DEFINITIONS 
A. As specified in SECTION 26 00 10. 


1.4 SUBMITTALS 
A. Product Data:  Each suppressor type indicating component values, part numbers, and conductor sizes; include a 


dimensional drawing for each, showing mounting arrangements. 
B. Shop Drawings: 


1. Itemized Bill of Material including the Manufacturer, the complete model number, and the options included. 
2. Descriptive information. 
3. Catalog data sheets – components, electrical devices, and mechanical devices: 


a. Catalog information. 
b. Descriptive literature. 
c. External power and signal connections. 
d. Scaled drawings showing exterior dimensions and locations of electrical and mechanical interfaces. 


4. Manufacturer's UL certified test data and nameplate data for each TVSS. 
5. Electrical single-line diagram showing the location of each TVSS. 
6. Dimensional drawings. 
7. Anchoring instructions and details. 
8. Schematic, elementary, diagrams. 
9. Outline diagrams. 
10. Interconnection diagrams. 
11. Include installation modifications or further details required. 


C. Quality Control Submittals: 
1. Testing related submittals. 
2. O&M manuals: 


a. Shop Drawing submittal information. 
b. Final As-Built Drawings and wiring diagrams. 
c. Factory and field certified test reports. 
d. Device O&M manuals for components, electrical devices, and mechanical devices shall include: 


1) Operations procedures. 
2) Installation requirements and procedures. 
3) Maintenance requirements and procedures. 
4) Troubleshooting procedures. 
5) Internal schematic and wiring diagrams. 


e. List of spares and expendables required. 
D. Warranty Documentation: 


1. Sample warranty. 
2. Warranty. 


E. Spare Parts: 
1. Furnish, box, tag, and clearly mark on the exterior; identify each item with Manufacturer’s name, description, and 


part number for shipment and long-term storage and deliver 14 days prior to the Substantial Completion date the 
following extra materials: 
a. Fuses:  A minimum of 10 of each type and current rating installed. 
b. Provide the following spare TVSS components: 


1) Suppression modules of each type and size: 6, minimum. 
2) Light lamps of each color installed: 10 indicators. 


1.5 QUALITY ASSURANCE 
A. Equipment Manufacturer Qualifications:  A minimum of 10 years of documented experience in the Work of this Section. 
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B. UL Compliance and Labeling:  Materials manufactured within the scope of UL shall conform to UL Standards and have 
an applied UL listing mark. 
1. For power and signal circuits, TVSS devices in accordance with UL 1449 and UL 1283 as an EMI filter.  Provide 


units listed and labeled by UL. 
2. For telephone circuit protection, TVSS devices in accordance with UL 497A. 


C. Installation shall be supervised and tested by the Manufacturer of the system equipment.  The supervisory and testing 
Work shall be performed by skilled technicians under the direction of experienced engineers, all of whom shall be 
properly trained and qualified for the Work. 


D. Use TVSS devices in accordance with ANSI/IEEE C62.41 and ANSI/IEEE C62.33. 
E. Provide a TVSS system that is suitable for application in ANSI/IEEE C62.41 Category A, B, and C3 environments as 


tested by ANSI/IEEE C62.11 and ANSI/IEEE C62.45. 
1.6 SITE CONDITIONS 


A. Materials and equipment shall be designed and constructed for continuous operation, at rated current and voltage, at 
Project elevation, 104°F ambient and 95% relative humidity. 


1.7 WARRANTY 
A. Warranty for one year from the Substantial Completion date for the satisfactory performance and installation of the 


TVSS system and associated appurtenances. 
PART 2 PRODUCTS 
2.1 APPROVED MANUFACTURERS 


A. National Lightning Protection Corp. 
2.2 MATERIALS 


A. TVSS Devices: 
1. TVSS devices for power circuits, provided under this Section, shall be the product of a single Manufacturer and 


shall be of modular construction designed for field replacement. 
2. TVSS devices shall be capable of performance at ambient temperatures between -15°F and 140°F, at relative 


humidity ranging from 0% to 95%, and at altitudes ranging from sea level to Project elevation. 
3. TVSS devices shall be fused to disconnect the suppressor from the electrical source should the suppressor fail.  


The fusing shall allow full surge handling capabilities and afford safety protection from thermal overloads and short 
circuits. 


4. Design TVSS devices for the specific type and voltage of the electrical service.  Single-phase and 3-phase 
wye-configured systems shall have L-N, L-G, and N-G protection.  Grounded delta-configured systems shall have 
L-L and L-G protection. 


5. Power filter:  The TVSS shall include a high frequency extended range power filter and shall be UL 1283 listed as 
an EMI.  Provide minimum noise attenuation as follows: 


 
Attenuation Frequency 100 KHz 1 MHz 10 MHz 100 MHz 
Insertion loss (ratio) 50:1 350:1 500:1 250:1 
Insertion loss (dB) 34 51 54 48 


 
B. Main Distribution TVSS: 


1. Provide TVSS in accordance with ANSI/IEEE C62.41, Location Category C. 
2. Maximum single impulse current rating shall not be less than: 


a. L-L Capacity:  200 kA. 
b. L-N Capacity:  200 kA. 
c. L-G Capacity:  150 kA. 
d. N-G Capacity:  100 kA. 


3. The suppressor housing shall be in an enclosure with the same NEMA rating as the panel it protects and painted 
to match. 


4. UL 1449 maximum suppression voltage shall not be more than: 
 


System Voltage Phase L-L or L-N Suppression Voltage 
120 1 400 


208Y/120 3 400 
240 3 800 


480Y/277 3 800 
 


C. Panelboard TVSS: 
1. Provide TVSS in accordance with ANSI/IEEE C62.41, Location Category B. 
2. Maximum single impulse current rating shall not be less than: 


a. L-L Capacity:  80 kA. 
b. L-N Capacity:  80 kA. 
c. L-G Capacity:  80 kA. 
d. N-G Capacity:  80 kA. 


3. Suppressor shall be in an enclosure with the same NEMA rating as the panel it protects or integral to a 
panelboard. 
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4. UL 1449 maximum clamp voltage shall not be more than: 
 


System Voltage Phase L-L or L-N Clamp Voltage 
120 1 400 


208Y/120 3 400 
240 3 800 


480Y/277 3 800 
 


D. Annunciation:  Provide unit or separately mounted LED type indication lights to show the normal and failed status of 
each module.  Provide one normally open contact and one normally closed contact that operate when the unit fails. 


E. Surge Counter:  Provide each TVSS rated above 100 kA with a counter displaying the number of voltage transients 
that have occurred on the unit input.  The counter shall be battery-backed and retain the count through system power 
outages. 


F. Paired Cable Dataline Interior Suppressors: 
1. Provide units in accordance with ANSI/IEEE C62.41, Location Category A. 
2. Use bi-polar 1,500 W silicon avalanche diodes between the protected conductor and earth ground. 
3. Provide units with a maximum single impulse current rating of 80 amperes, 10 by 1,000 microsecond--waveform. 
4. Breakdown voltage shall not exceed 36 V. 


G. Paired Cable Dataline Exterior Suppressors: 
1. Provide units in accordance with ANSI/IEEE C62.41, Location Category A. 
2. Suppressors shall be a hybrid design with a minimum of 3 stages, utilizing solid-state components and operating 


bi-directionally. 
3. Meet or exceed the following criteria: 


a. Maximum single impulse current rating of 10,000 amperes, 8 microsecond by 20 microsecond--waveform. 
b. Pulse life rating:  3,000 amperes, 8 by 20 microsecond--waveform:  2,000 occurrences. 
c. Maximum clamping voltage at 10,000 amperes: 8 microsecond current waveform by 20 microsecond current 


waveform; shall not exceed the peak of the normal applied signal voltage by 200%. 
PART 3 EXECUTION 
3.1 INSTALLATION 


A. Application Requirements: 
1. As a minimum, provide and install TVSS on the following: 


a. New panelboards and motor control centers. 
b. Power and data supply to local control panels, ECPs, communications cabinets, and security control cabinets. 


2. Electronic equipment paired cable conductors:  Install dataline suppressors at the low voltage input and output of 
each piece of equipment, including telephone cable entrance and utility meter data pulse cabling. 
a. Use secondary protectors on lines that do not exit the structure. 
b. Use primary protectors on lines that exit and enter the structure. 


B. General Requirements: 
1. Install suppressors according to the Manufacturer's recommendations. 
2. Install suppressors directly to the cabinet that houses the circuit to be protected so that suppressor leads are 


straight and short, with conductors laced, running directly to the point of connection within the panel, without loops 
or bends.  No bend may exceed 90 degrees and the bending radius may not be less than 6 inches. 


3. Provide at least 3 inches of separation between line-side and load-side connecting wires.  Do not bundle line-side 
and load-side conductors together nor run them in the same raceway. 


4. Field-installed conductors shall be the same as specified for building wire, no smaller than #8 AWG and no larger 
than #4 AWG.  Device leads shall not be longer than the length recommended by the Manufacturer, unless 
specifically reviewed and approved by the Manufacturer. 


5. Provide dedicated circuit breakers and number of poles as required as disconnecting means for TVSS devices 
installed in panelboards.  The interrupting capacity of the circuit breakers shall be that specified for the other 
breakers at that location. 


END OF SECTION 
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SECTION 26 50 10 
LIGHTING 


PART 1 GENERAL 
1.1 SUMMARY 


A. Section includes general information, products, and execution for lighting. 
B. Related Sections: 


1. SECTION 26 00 10 – COMMON WORK RESULTS FOR ELECTRICAL 
1.2 REFERENCES 


A. American National Standards Institute (ANSI): 
1. C78.389 –Electric Lamps – High Intensity Discharge - Methods of Measuring Characteristics 


B. Federal Communications Commission (FCC): 
1. 47CFR – Code of Federal Regulations 


C. International Code Council (ICC): 
1. International Building Code (IBC) 


D. Underwriters Laboratories, Inc. (UL): 
1. 935 – Standard for Fluorescent-Lamp Ballasts 


E. United States Government: 
1. Energy Policy Act of 1992 


1.3 DEFINITIONS 
A. As specified in SECTION 26 00 10. 


1.4 SUBMITTALS 
A. Shop Drawings: 


1. Itemized Bill of Material. 
2. Descriptive information. 
3. Luminaires: 


a. Catalog literature for each luminaire specified, cross-referenced to the luminaire type in the Luminaire 
Schedule shown on the Drawings. 


b. Provide for each luminaire type: 
1) Materials. 
2) Type of diffuser. 
3) Mounting or suspension details and hardware. 
4) Gasketing. 
5) Reflector:  Lens material, pattern, and thickness. 
6) Chassis including metal gauge. 
7) Finish and color. 
8) Electronic .ies files for each luminaire. 
9) Ballast: 


a) Type. 
b) Protection. 
c) Wiring diagram. 
d) Nominal wattage, input wattage, and lamp wattage. 
e) Input voltage and power factor. 
f) Starting current, operating line current, and restrike current. 
g) Sound rating. 
h) BF. 
i) Starting temperature and temperature rating. 
j) Efficiency ratings. 


10) Lamp: 
a) Type. 
b) Wattage. 
c) Voltage. 
d) Approximate life, in hours. 
e) Lumen output: 


(1) Initial. 
(2) Mean. 
(3) CCT. 
(4) Lamp lumen depreciation. 
(5) Efficacy. 
(6) Base. 


11) Picture of luminaire. 
12) Detailed dimensioned Drawings including luminaire total weight and support method. 
13) Effective projected area for pole-mounted luminaires. 
14) Photometric data: 


a) Coefficient of utilization tables based on the IES Zonal Cavity System by an approved testing 
laboratory. 


b) Luminaire dirt depreciation factor. 
c) Candlepower distribution curves. 
d) Average luminaire brightness. 
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e) Lumen output charts. 
f) IES file in standard .ies format. 
g) Power requirements in watts and volt-amperes. 


4. Accessories: 
a. Photocell: 


1) Photocell type. 
2) Switching capacity. 
3) Means of adjusting the lighting pickup level. 
4) Enclosure type. 
5) Mounting method. 


b. Luminaire poles: 
1) Material. 
2) Finish and color. 
3) Handholes. 
4) Anchoring. 
5) Luminaire attachment methods and fittings. 
6) Pole height. 
7) Pole dimensions. 
8) Bolthole circle layout and hardware. 
9) Accessories. 
10) Maximum total effective projected area, total weight-mounted on pole and maxium total rated pole weight. 
11) Complete design calculations and installation documents for pole mounting piers and poles mounted 


from structures; include in the calculations the wind and seismic requirements at the Work site. 
5. Provide lighting calculations and layouts of lighting systems including: 


a. Lighting layout of the equipment spaces and rooms with equipment, walls, and obstructions shown on the 
Drawings. 


b. Lighting renderings, calculations, and layouts showing equipment, obstructions, and walls.  Use surface 
reflectance values and luminaire light loss factors approved by the ENGINEER to perform calculations. 


c. Software generated calculations showing illuminance levels in FC and power usage in watts per sf for each of 
the areas. 


d. Layouts and calculations in AGI32 software; provide an electronic copy of the AGI32 software file generated 
for layouts and calculations. 


B. Quality Control Submittals: 
1. Testing related submittals. 
2. O&M manuals: 


a. Shop Drawing information. 
b. Complete final As-Built information including AGI32 software file showing as-installed fixture locations. 
c. Factory and field certified test reports. 
d. List of spare and expendable parts and accessories required and recommended. 


3. Others as specified in SECTION 26 00 10. 
C. Warranty Documentation: 


1. Sample warranty. 
2. Warranty. 


D. Spare Parts:  Furnish, box, tag and clearly mark on the exterior; identify each item with Manufacturer’s name, 
description, and part number for shipment and long-term storage and deliver 14 days prior to the Substantial 
Completion date the following extra materials: 
1. Furnish 10% of the quantity provided, but not less than 5 ballasts for every ballast type and size used. 
2. Furnish 10% of the quantity provided, but not less than 5 new lamps for every lamp type and size used. 


1.5 QUALITY ASSURANCE 
A. Equipment Manufacturer Qualifications:  A minimum of 10 years of documented experience in the Work of this 


Section. 
B. UL Compliance:  Materials manufactured within the scope of UL shall conform to UL Standards and have an applied 


UL listing mark. 
1.6 SITE CONDITIONS 


A. Materials and equipment shall be designed and constructed for continuous operation, at rated current, at Project 
elevation, 104°F ambient and 95% relative humidity. 


1.7 WARRANTY 
A. Warranty for one year from the Substantial Completion date for the satisfactory performance and installation of the 


lighting system and associated appurtenances. 
B. Warranty for 5 years from the Substantial Completion date for the satisfactory performance and installation of the 


fluorescent ballast system and associated appurtenances. 
PART 2 PRODUCTS 
2.1 APPROVED MANUFACTURERS 


A. Ballasts: 
1. Advance Transformer 
2. MagneTek Jefferson 
3. Sylvania 
4. Universal 
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B. Florescent Ballasts: 
1. Advance/Philips 
2. MagneTek/Universal 
3. Motorola/Sylvania 


C. Photocell Ballasts: 
1. MagneTek Intermatic 
2. Paragon Electrical Products 
3. Tork 


D. Lamps: 
1. General Electric 
2. North American Philips 
3. Sylvania 


2.2 MATERIALS 
A. Luminaires: 


1. Specific requirements relative to the execution of Work of this Section are located in the Luminaire Schedule 
shown on the Drawings. 


2. Feed-through type or separate junction box. 
3. Ballasts:  2-lamp when possible. 
4. Tandem wired for 2-lamp or 3-lamp, fluorescent fixtures. 
5. Wire leads:  Minimum #18 AWG. 
6. Component access:  Accessible and replaceable without removing the luminaire from the ceiling. 
7. Soffit installations: 


a. UL labeled:  SUITABLE FOR DAMP LOCATIONS. 
b. Ballast:  Removable, prewired. 


8. Exterior installations: 
a. UL labeled:  SUITABLE FOR WET LOCATIONS. 
b. Ballast:  Removable, prewired. 
c. Luminaires in combination with their mounting pole and bracket shall be capable of withstanding: 


1) Wind levels at the Work site without damage. 
2) Seismic levels at the Work site in accordance with ICC IBC. 


d. Corrosion-resistant hardware and hinged doors or lens retainer. 
e. Luminaires furnished with integral photoelectrical control shall be of the luminaire Manufacturer's standard 


design. 
B. Lamps: 


1. Provide as indicated in the Luminaire Schedule shown on the Drawings. 
2. Shall meet or exceed the requirements of the Energy Policy Act of 1992. 
3. Fluorescent lamps:  F32T8 rapid start type, cool white. 
4. HID: 


a. Type:  Metal Halide. 
b. Color:  Clear. 


5. Incandescent:  Standard filaments, Halogen PAR, or linear quartz as applicable, rough service type, 125 V, of the 
type and wattage indicated in the Luminaire Schedule shown on the Drawings. 


6. Metal halide:  Suitable for burning position as required for the light fixture, in accordance with ANSI C78.389.  
Average rated life in the vertical burning position shall be 10,000 hours minimum for 250 W and smaller lamps 
and 20,000 hours minimum for 400 W and larger lamps.  Mean lumens shall be 75% of initial lumens minimum; 
color temperatures shall be 3600K minimum; re-strike time after momentary interruption shall not be more than 4 
minutes; warm-up time to full brightness shall be within 15 minutes.  Pulse start unless otherwise indicated in the 
Luminaire Schedule shown on the Drawings. 


C. Ballasts: 
1. General: 


a. Meet requirements for fixture light output, reliable starting, radio interference, THD, EMI, and dielectric rating. 
b. Certified by electrical testing laboratories to conform to the certified ballast Manufacturer's specifications. 
c. For use in exterior located ballasts to produce reliable starting of lamps over the entire temperature range at 


90% of nominal line voltage. 
d. Energy saving type suitable for use with energy saving lamps where available. 
e. Meet FCC standard, Class A for EMI/RFI, FCC 47CFR Part 18 non-consumer equipment. 
f. In accordance with ANSI/IEEE standards/guidelines for THD and line voltage transient protection. 


2. Fluorescent: 
a. Type:  Premium low heat high frequency electronic ballast with a maximum THD of 10%. 
b. In accordance with UL 935. 
c. Operate with no visible flicker. 
d. Tolerate sustained voltage variations of ±10% with no damage to the ballast. 
e. 0.98 power factor or above. 
f. Sound rating of A or better. 
g. Comply with EMI and RFI limits set by the FCC 47CFR, Part 18 for non-consumer equipment. 
h. CF of 1.7 or less. 
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3. Metal halide:  Ballasts shall be single lamp.  Volts and watts shall be as shown on the Drawings.  At any lamp 
voltage, from nominal through life, lamp wattage regulation spread at that lamp voltage shall not exceed 5% for 
±10% line voltage variation.  Ballasts shall have a minimum power factor of 0.98 and shall be suitable for low-
temperature operation. 


4. Photocell: 
a. Photocells for control of multiple luminaires: 


1) Self-contained. 
2) Weatherproof. 
3) Provided with time-delay features. 
4) Sized to meet switching capacity of the circuit:  Based on ballast VA and lighting circuit load as shown on 


the Drawings. 
b. Photoelectric cell for control of a single luminaire:  Integral to the luminaire. 


PART 3 EXECUTION 
3.1 INSTALLATION 


A. Luminaires: 
1. General: 


a. Install luminaires in accordance with the Manufacturer's instructions. 
b. Provide proper hangers, pendants, and canopies as necessary for complete installation. 
c. Provide additional ceiling bracing, hanger supports, and other structural reinforcements to the building and to 


concrete pole bases required to safely mount luminaires. 
d. Install luminaires plumb and level. 
e. Mounting heights shown on the Drawings for wall-mounted or pendant-mounted luminaires are measured 


from the bottom of the luminaire to finished floor or finished grade, whichever is applicable. 
f. Install each luminaire outlet box with galvanized stud. 
g. Pendant fixtures shall have swivel type box covers and threaded conduit pendants. 
h. Fixtures in rows shall be aligned both vertically and horizontally. 
i. The drawings indicate the general location and arrangement of the fixtures desired.  The actual location and 


arrangement of the fixtures shall be clear of pipes, mechanical equipment, structural openings, and other 
obstructions.  The actual location and arrangement of the fixtures shall be approved by the ENGINEER. 


j. Coordinate luminaire locations with Work of other trades to prevent the obstruction of light from the fixtures. 
k. Individual luminaire types in the Luminaire Schedule shown on the Drawings. 


2. Wall-mounted metal halide: 
a. Surface mount the fixture over a concealed or embedded box and provide an opening in the back of the 


fixture suitable to provide access to the wiring in the box. 
b. Ground and bond the fixture and the box to each other with a minimum of a #12 AWG conductor. 
c. Support the fixture utilizing stainless steel anchors and hardware.  Provide caulking with a non-hardening 


sealer around the fixture. 
3. Pendant-mounted: 


a. Provide swivel type hangers and canopies to match luminaires, unless otherwise noted. 
b. Space single-stem hangers on continuous-row fluorescent luminaires nominally 48 inches apart. 
c. Provide twin-stem hangers on single luminaires. 


4. Pole-mounted:  Provide a cast-in-place concrete base as shown on the Drawings. 
5. Swinging type:  Provide, at each support, safety cable capable of supporting 4 times the vertical load from the 


structure to the luminaire. 
6. Unfinished areas:  Locate luminaires to avoid either conflict with other building systems or blockage of luminaire 


light output. 
a. Fixture suspension:  As approved or shown on the Drawings. 


B. Lamps:  For each fixture, provide the number and type for which the fixture is designed. 
C. Ballasts: 


1. Install ballasts in accordance with the Manufacturer's instructions. 
2. Utilize ballast mounting holes to fasten securely within the luminaire. 
3. Replace noisy or defective ballasts. 


3.2 CLEANING  
A. Remove labels and other markings, except UL listing mark. 
B. Wipe luminaires inside and outside to remove construction dust. 
C. Clean luminaire plastic lenses with anti-static cleaners. 
D. Touch up painted surfaces of luminaires and poles with matching paint ordered from the Manufacturer. 
E. Replace defective lamps prior to the Substantial Completion date. 


END OF SECTION 





		26 00 10 - Common Work Results for Electrical

		PART 1 GENERAL

		1.1 Summary

		A. Section includes general information, products, and execution for common work results for electrical.

		B. Related Sections:

		1. SECTION 27 00 00 – COMMUNICATIONS SYSTEMS





		1.2 REFERENCES

		A. National Electrical Contractors Association (NECA):

		1. 1 – Standard for Good Workmanship in Electrical Construction



		B. National Fire Protection Association (NFPA):

		1. 70 – National Electrical Code (NEC)

		2. 70B – Recommended Practice for Electrical Equipment Maintenance

		3. 70E – Standard for Electrical Safety in the Workplace





		1.3 DEFINITIONS

		A. Authority Having Jurisdiction:  An organization, office, or individual responsible for enforcing the requirements of a code or standard in accordance with NFPA 70, Articles 90 and 100.

		B. BF:  The measure of light output from a lamp operated by commercial ballast as compared to a laboratory standard reference ballast.

		C. CCT:  Scientific scale to describe how warm or how cool the light source is; measured in Kelvin.

		D. Crest Factor:  Ratio of peak lamp current to rms or average lamp operating current.

		E. Efficacy:  Lumen output per unit of power supplied to ballast, lumens per watt.

		F. EMI:  Electrical interference or noise generated by electrical and electronic devices.

		G. EU:  Electric utility that owns the system.

		H. Field Interconnection:  Conductor or cable from equipment, device, or enclosure to another enclosure, device, or equipment.  Conductors and cables between equipment sections included in one overall enclosure (e.g., switchgear cubicles in one sectio...

		I. FC:  The measure of light level on a surface being illuminated.

		J. Ground Grid:  Synonymous with Ground System.

		K. Ground System:  Synonymous with Ground Grid.

		L. HID:  A lamp containing a filled arc tube in which the active element becomes vaporized and is discharged into the arc stream to produce light.

		M. Instant Start:  A lamp starting method in which lamps are started by high voltage input without the preheating of lamp filaments.

		N. K:  Kelvin.

		O. Low-Voltage Conductors: Applies to conductors and cables 600 V and below, including conductors and cables for power, instrumentation, control, communications, security, SCADA, and fire alarm systems.

		P. Luminaire:  Lighting unit or lighting fixture.

		Q. Medium-Voltage Cables:  Power conductors and cables 600 V through 69 kV.

		R. PAR:  Parabolic aluminized reflector.

		S. PU:  Phone utility that owns the system.

		T. Pulse Start:  A HID ballast with a high voltage igniter that provides high voltage pulses to ionize the gas within the lamp.

		U. Rapid Start:  A lamp starting method in which lamp filaments are heated while open circuit voltage is applied to facilitate lamp ignition.

		V. SPD:  Synonymous with TVSS.

		W. THD:  The combined effect of harmonic distortion on the AC waveform produced by ballast or other device.

		X. TVSS:  Synonymous with SPD.



		1.4 COORDINATION

		A. Utilities:

		1. Electric utility electrical equipment, overhead power lines, metering, and TOS equipment Work and modifications shall be coordinated with and approved by the ENGINEER and the electric utility.  Meet electric utility requirements for new and existin...

		2. Materials, methods, sizes, ratings, and settings shall be coordinated and approved by the electric utility.  The point of interconnection and service interface shall meet requirements of the electric utility.  Provide and install materials and equi...

		3. Coordinate power outages with the ENGINEER, the OWNER, and the electric utility.

		4. Communications equipment, the communications incoming service lines Work, and modifications shall be coordinated with and approved by the ENGINEER and the phone utility.  Meet the phone utility’s requirements for new and existing equipment installa...

		5. Cooperate with the CONTRACTOR and the Subcontractors whose Work is in the same space; advise the CONTRACTOR of requirements.  Such spaces and clearances shall be to the size required.

		6. Coordinate Work with other utilities within Work site limits.  Notify applicable utilities in writing prior to commencing Work, if damage occurs, or if conflicts or emergencies arise during Work.



		B. Existing Equipment to be Reused:  Existing equipment (e.g., conduits, junction boxes, terminal boxes, equipment, devices, and instrumentation) to be reused shall be cleaned and repaired.  Cleaning plugs (pigs) and steel brushes shall be pulled thro...

		C. Load Balance:

		1. The Contract Documents indicate circuiting to electrical loads and distribution equipment.  Balance the electrical load between phases as nearly as possible on distribution equipment.

		2. When loads must be reconnected to different circuits to balance phase loads, obtain the ENGINEER’s approval, maintain accurate record of changes made, and provide a circuit directory that lists the final circuit arrangement.



		3. Service continuity:  Maintain continuity of electric service to functioning portions of the process or buildings during hours normally in use, generally 24 hours a day, 7 days a week.  Temporary outages will be permitted during cutover Work at such...



		1.5 Submittals

		A. Quality Assurance Submittals:  A written report on the condition of the conduits.

		B. Provide complete detailed submittals for temporary power.

		C. Submittals from other Sections and equipment shall not be combined.

		D. Include a complete itemized Bill of Material, including complete model number with options.  The Bill of Material shall be provided after the submittal table of contents and shall be in the format specified in Supplement A.

		E. Provide in quality, hard, 3-ring binders, fully indexed with permanent numbered tabbed Section dividers and sequentially numbered pages.  Section dividers with slide in paper tabs will not be accepted.

		F. Report to the ENGINEER submittal review comments in written format and include original review comment.  Provide documentation with responses in the resubmittal or as a supplemental information document on submittal dispositions of Final for Constr...

		G. Label submittals binders on front and ends/binds with a minimum of submittal number, Specification Section, Description, type of submittal, and date.

		H. Submittal drawings shall be 11-inch by 17-inch format and not folded.

		I. Include the complete Manufacturer’s descriptive information and Shop Drawings for equipment, material, and devices, including certified outline drawings, arrangement drawings, dimensional layout drawings, elementary (schematic) diagrams, interconne...

		J. Equipment, models, options, extraneous text, etc. not being furnished and that do not apply shall be neatly crossed out.

		K. No more than 2 Manufacturers of specified materials such as raceway systems, conductors, cables, etc. shall be provided and included in a submittal.

		L. An equipment Manufacturer certified letter stating that the equipment provided meets the site environmental conditions.

		M. Provide additional information listed under individual Section items.  Submittal information, including Shop Drawing submittals, shall be included in the O&M manuals.

		N. As-Built Drawings, including dimensioned locations of raceways, grounding, layout, equipment, and devices.  As-Builts shall legibly indicate number, size, tag numbers, and type of equipment, devices, conductors, and cables.  Where clarity of racewa...

		O. Provide a photo album of the complete construction of the Work.

		P. Provide complete submittals for temporary power and communications.

		Q. Submit electronically current As-Built Drawings, including conduit/conductor schedule and the photo album at 25%, 50%, 75%, and 100% of the Final Completion date.  As-Built Drawings shall be provided in .pdf and .dwg formats.  Photos shall be indiv...

		1. Drawings shall be provided in electronic media on standard IBM computer compatible Hi-Speed USB Flash Drives and in quality hard copy media.  AutoCAD Drawings shall be in accordance with DW Design Drafting Standards and shall include, but not be li...



		R. Supplements listed in this Section.



		1.6 quality assurance

		A. General Requirements:

		1. Electrical Subcontractors shall provide documentation that includes the following information with the Bid Form at bid time:

		a. Subcontractors that will be used.

		b. Verification that the Electrical Subcontractor will provide and install raceways and conductors, including SECTION 27 00 00 which will be installed by the Electrical Subcontractor but provided, terminated, and tested by the Communications Subcontra...

		c. A letter describing what is considered the most difficult electrical parts of the Work.

		d. Organization chart:  Showing the organizational structure for the company and this Project.  Identify key personnel who will be assigned to do the Work.

		e. Qualification of personnel:

		1) Provide resumes of management personnel and technical qualifications of the Project manager, the Project foreman, and all key personnel shown on the organizational chart.

		2) Electrical Work shall be performed or supervised by an electrical foreman who is a Colorado Licensed Journeyman or Master Electrician.  The electrical foreman shall not be replaced without written notice to the ENGINEER except under extraordinary c...

		3) The Electrical Subcontractor shall submit current copies of Colorado Journeyman Electricians Licenses, Master Electricians Licenses, or Apprentice registration information/licenses, for all foreman, electricians and apprentices that perform Work.



		f. Provide a complete cost breakdown of, for all equipment, materials, and Work including quantities and pricing in sufficient detail to serve as the basis to be used in conjunction with the CLS for progress payments during construction.  Prices shall...



		2. Submit documents required to obtain permits and pay fees required by the OWNER, the governmental agency having jurisdiction over the Work, and the authority having jurisdiction.  Arrange and notify the ENGINEER in writing of inspections required by...



		B. Responsibility:

		1. Equipment shall not exceed the sizes shown on the Contract Documents without written approval from the ENGINEER.  Costs incurred (structural analysis and modifications) due to an increase in equipment size shall be the responsibility of the CONTRAC...

		2. Complete systems in accordance with the Contract Documents.

		3. Coordinate the details of facility equipment and construction for Specification Divisions that affect the Work covered in the Contract Documents.

		4. Provide incidental items not actually shown on the Drawings or specified but which are required by good practice to provide complete functional systems.

		5. Complete electrical installation in accordance with the applicable codes, ordinances, and regulations including, but not limited to:  NFPA 70, NFPA 70B, NFPA 70E, and NECA 1.

		6. The exact fitting of materials and equipment shall be the responsibility of the CONTRACTOR.



		C. Intent of Drawings:

		1. Drawings typically show only general locations of structures, piping, equipment, devices, and raceways.  Properly route and install raceways, equipment, etc., and provide submittals and As-Built Drawings with locations of raceways and equipment.

		2. Enclosure sizes shown on the Drawings are the minimum acceptable size.  Provide enclosures sized for actual equipment to meet clearance, cooling, raceway interface, and equipment operation requirements.

		3. Control schematics and wiring diagrams:

		a. Controls are shown de-energized; valves and gates are shown closed.

		b. Control schematics and wiring diagrams show control function only.  Incorporate other necessary functions for proper operation and protection of the system.

		c. Add auxiliary relays, where required, to provide proper control system operation and interface.

		d. Devices shown on control schematics and wiring diagrams shall be in equipment enclosures.

		e. Conduits and conductors shall be provided for circuits indicated in new panelboard schedules.



		4. Overcurrent protection device sizes and types are estimated; provide and install the sizes and types required for the actual equipment ratings that are approved by the ENGINEER.





		1.7 SITE CONDITIONS

		A. Materials and equipment shall be designed and constructed for continuous operation, at rated current and voltage, at the Project elevation, 104 F ambient and 95% relative humidity.  The equipment Manufacturer shall submit a certified letter in the ...

		B. Inspection:

		1. Drawings were developed from past As-Builts.  Prior to submitting bids, verify dimensions and existing conditions including, but not limited to, structures, equipment, devices, conduits, etc.

		2. Before submitting a bid, the CONTRACTOR is required to determine conditions at the site and at existing structures to become familiar with existing conditions and electrical systems that will, in any way or manner, affect the Work required under th...

		3. Carry out any Work involving the shutdown of the existing services to any piece of equipment now functioning in existing areas at such time as to provide the least amount of inconvenience to the OWNER.  Do such Work when approved by the ENGINEER.

		4. During pre-construction activities, confer with the ENGINEER to verify, at each area of construction activity, the location of existing utilities, equipment, and structures and the requirements for adequately protecting them.  Pay for required repa...







		PART 2 PRODUCTS

		2.1 materials

		A. In accordance with provisions elsewhere in the Contract Documents, the Manufacturer’s names and catalog numbers stated herein are intended to indicate the type and quality of equipment or materials desired.

		B. Provide first quality, new materials and equipment, free from any defects, in first-class condition, and suitable for the space provided.  Provide materials and equipment listed by UL wherever standards have been established by that agency.

		C. Standard Products:

		1. Where 2 or more units of the same class of material or equipment are required, provide products of a single Manufacturer.

		2. Provide materials and equipment that are the standard products of Manufacturers regularly engaged in the production of such materials and equipment.  Provide the latest standard design that conforms to the Contract Documents.



		D. Outdoor Equipment:  Provide equipment and devices to be installed outdoors or in unheated enclosures capable of continuous operation within an ambient temperature range of 0 F to 110 F.



		2.2 finishes

		A. Electrical and I&C equipment shall be provided with ANSI 61, light gray finish color.





		PART 3 EXECUTION

		3.1 GENERAL

		A. Install materials and equipment in a workmanlike manner utilizing craftsmen skilled and licensed in the electrical trade. Provide Work that has a neat and finished appearance.

		B. Coordinate electrical Work with the ENGINEER, the OWNER, EU, PU, and the Work of other trades to avoid conflicts, errors, delays, and unnecessary interference with operation of the plant during construction.

		C. Check the approximate locations of raceways, light fixtures, devices, equipment, and other electrical system components shown on the Drawings for conflicts with openings, structural members, and components of other systems and equipment having fixe...

		D. Cutting, Patching, and Drilling:

		1. Layout Work carefully in advance.  Do not cut or notch any structural member or building surface without specific approval of the ENGINEER.  Carefully carry out any cutting, channeling, chasing, or drilling of floors, walls, partitions, ceiling, pa...

		2. Prior to core drilling or cutting existing structures, floors, walls, concrete slabs, etc., the proposed location shall be x-rayed, or by other ENGINEER-approved method, to ensure existing rebar, conduits, and utilities are not damaged.  Provide ph...





		3.2 preparation

		A. Temporary Power, Communications, Signals, and Telephone:

		1. Obtain permits, submit documents, and pay fees required for temporary power.

		2. Provide and install equipment and devices necessary to provide required temporary power, controls, and communications.

		3. Provide and install equipment and devices necessary to maintain power, controls, and communications to existing services and equipment.

		4. Provide and install equipment, materials, and devices required for temporary power including, but not limited to, overcurrent protection devices, disconnects, transformers, conduit, conductors, poles, overhead power lines, terminations, and distrib...



		B. Demolition or Relocation of Materials and Equipment:

		1. Existing exposed raceways and raceway components that are not to be reused or reworked shall be demolished.  Where existing raceways are embedded in building construction, they shall be cut flush with finished surfaces, plugged with a suitable and ...

		2. Existing equipment, devices, materials, and components that are not to be reused or reworked shall be demolished.  Existing wiring and raceways shall be removed.  Demolished area surfaces shall be repaired and restored to new condition.

		3. Where required, the existing raceway system shall be matched and extended to new outlet or device locations as required or as shown on the Drawings.  In general, new raceways in finished areas shall be run concealed in building construction, above ...

		4. Where existing materials and equipment are removed or relocated, remove materials no longer used such as studs, straps, conduits, and wires.  Remove or cut off concealed or embedded conduit, boxes, or other materials and equipment to a point at lea...

		a. The OWNER reserves the right to salvage and retain removed electrical equipment.  Coordinate with facility personnel prior to disposing of any removed electrical equipment.



		5. Repair affected surfaces to conform to the type, quality, and finish of the surrounding surface in a neat and workmanlike manner.  Follow any specific instructions provided elsewhere in the Contract Documents.  Utilize skilled craftsmen of the trad...

		6. Demolition and temporary construction sequence:

		a. The temporary power, control, and communications installation and materials shall be pre-approved by the ENGINEER.

		b. Demolish electrical, I&C equipment, and materials in accordance with the Contract Documents or by the ENGINEER.  The ENGINEER will notify the CONTRACTOR of existing equipment and materials the OWNER wants salvaged and retained.  Equipment retained ...







		3.3 installation

		A. Follow the Manufacturer’s installation instructions explicitly.  Wherever any conflict arises between the Manufacturer’s instructions, codes, and regulations, and the Contract Documents, follow the ENGINEER’s decision.  Keep a copy of the Manufactu...

		B. Use appropriate conduit and conductor entry fittings with enclosures that maintain the specified enclosure environmental capability after proper installation.



		3.4 PROTECTION

		A. Protect enclosures and other equipment containing electrical and I&C devices, including spare parts, from corrosion using corrosion-inhibiting vapor capsules.

		B. Periodically replace capsules in accordance with the capsule Manufacturer's recommendations.  Replace capsules just prior to the Substantial Completion date.

		C. Provide protection for materials and equipment against loss or damage in accordance with provisions in the Contract Documents.  Follow the Manufacturer’s recommendations for storage.  Protect Work from the effects of weather.  Prior to installation...

		D. Following installation, protect materials and equipment from corrosion, physical damage, and the effects of moisture on insulation.  When equipment intended for indoor installation is installed at the CONTRACTOR’s convenience in areas where it is s...

		E. Protect existing equipment and facilities during construction from dirt, dust, moisture, and temperature conditions detrimental to equipment.  This shall include, but not be limited to, protection of the facility floors with plywood or other ENGINE...



		3.5 quality control

		A. Inspection:  Allow materials, equipment, and workmanship to be inspected at any time by the ENGINEER.  Correct Work, materials, or equipment not in accordance with the Contract Documents or that is found to be deficient or defective in a manner sat...

		B. Tests:

		1. Carry out tests specified hereinafter and as specified in other Sections.

		2. After the electrical system’s installation is complete and at the time coordinated with the ENGINEER, perform an electrical system operating test for approval.  Demonstrate that equipment operates in accordance with the requirements of the Contract...

		3. Voltage:

		a. When the installation is essentially complete and the facility is in operation, check the voltage at electrical distribution equipment.  Check voltage amplitude and balance between phases for loaded and unloaded conditions.

		b. Record the voltage and balance between phases (all 3 phases simultaneous on the same graph) for one day (during a normal working day).  Submit the recording with a letter of transmittal to the ENGINEER within 10 days of the date the test.

		c. If an unbalance exceeds 3% or if the voltage varies throughout the day and from loaded to unloaded conditions more than ±5% of nominal, determine the cause of the problem and submit it in writing to the ENGINEER.



		4. Equipment line current:  Check the line current in each phase for each piece of equipment.  If any phase current in any piece of equipment is above the rated nameplate current, determine the cause of the problem and submit it in writing to the ENGI...





		3.6 startup

		A. Provide skilled craftsmen to checkout, troubleshoot, and startup various systems.  Be available and coordinate with other crafts to checkout, troubleshoot, and startup various systems.  Be available outside normal working hours when necessary.



		3.7 cleaning

		A. Clean debris, dirt, dust, etc. from equipment.

		B. Keep the premises free from the accumulation of waste material or rubbish.  Remove materials, scraps, and debris from the premises and from the interior and exterior of devices and equipment.  Touch up scratches, scrapes, or chips in interior and e...



		3.8 ADJUSTING

		A. Motor Rotation:  After final service connections are made, check and correct the rotation of motors.  Coordinate rotation checks with the ENGINEER and the CONTRACTOR responsible for the driven equipment.



		3.9 SUPPLEMENTS

		A. Supplement A:  Bill of Material Format Example







		26 05 13 - Medium-Voltage Cables

		PART 1 general

		1.1 summary

		A. Section includes general information, products, and execution for medium-voltage cables.

		B. Related Sections:

		1. SECTION 26 00 10 – COMMON WORK RESULTS FOR ELECTRICAL





		1.2 REFERENCES

		A. American National Standards Institute (ANSI):

		1. C37.20 – Switchgear Assemblies And Metal-Enclosed Bus

		2. C119.1 – Electric Connectors-Sealed Insulated Underground Connector Systems Rated 600 Volts



		B. American National Standards Institute/InterNational Electrical Testing Association (ANSI/NETA):

		1. Standard for Acceptance Testing Specifications for Electrical Power Equipment and Systems (ATS)



		C. Association of Edison Illuminating Companies (AEIC):

		1. CS8 – Specification for Extruded Dielectric, Shielded Power Cables Rated 5 through 46 kV



		D. ASTM International (ASTM):

		1. B 496 – Standard Specification for Compact Round Concentric-Lay-Stranded Copper Conductors



		E. Institute of Electrical and Electronics Engineers (IEEE):

		1. 48 – Standard for Test Procedures and Requirements for Alternating-Current Cable Terminations Used on Shielded Cables Having Laminated Insulation Rated 2.5 kV through 765 kV or Extruded Insulation Rated 2.5 kV through 500 kV

		2. 400 – Guide for Field Testing and Evaluation of the Insulation of Shielded Power Cable Systems Rated 5 kV and Above

		3. 400.3 – Guide for Partial Discharge Testing of Shielded Power Cable Systems in a Field Environment

		4. 404 – Standard for Extruded and Laminated Dielectric Shielded Cable Joints Rated 2.5 kV to 500 kV

		5. 1202 – Standard for Flame-Propagation Testing of Wire and Cable - Corrigendum 1



		F. Insulated Cable Engineers Association/National Electrical Manufacturers Association (ICEA/NEMA):

		1. S-68-516/NEMA WC8 – Ethylene-Propylene-Rubber-Insulated Wires and Cable



		G. Underwriters Laboratories (UL):

		1. 486A/486B – Standard for Wire Connectors

		2. 1072 – Standard for Medium-Voltage Power Cables





		1.3 DEFINITIONS

		A. As specified in SECTION 26 00 10.



		1.4 Submittals

		A. Shop Drawings:

		1. Manufacturer's literature:

		a. Cable descriptive product information.

		b. Cable accessories descriptive product information.

		c. Wiring systems descriptive product information.

		d. Wire systems rating information.

		e. Wire systems dimensional drawings.

		f. Wire systems special fittings.



		2. Method and equipment for installing conductors.

		3. Cable identification spreadsheet (in .xls/.xlsx format) and As-Built Drawings of cable in hard copy and electronic formats; spreadsheet cell columns shall include:

		a. Conductor/conduit number.

		b. Complete conductor and cable circuit identification.

		c. Source end.

		d. Source terminal (device, terminal, line/phase).

		e. Load end.

		f. Load terminal (device, terminal, line/phase).



		4. Conduit/conductor schedule spreadsheet (in .xls/.xlsx format) and As-Built Drawings of cable in hard copy and electronic formats, include:

		a. Approximate cable lengths.

		b. Cable samples with cable marking system identification.



		5. Pulling tension calculations and sidewall pressure calculations:

		a. Submit for approval before raceway installation.

		b. Show that maximum tension will not exceed the Manufacturer’s recommendations.

		c. For cables and conductors larger than #2 AWG and pulling lengths longer than 100 feet.

		d. For cables and conductor sizes for pulling lengths longer than 200 feet.





		B. Quality Control Submittals:

		1. Testing related submittals.

		2. O&M manuals:

		a. Shop Drawing submittal information.

		b. Factory and field certified test reports.

		c. Final As-Built conduit/conductor schedule with exact lengths.

		d. Certified warranty documentation.

		e. Final As-Built identification cable spreadsheet (in .xls/.xlsx format) and As-Built Drawings of cable in hard copy and electronic formats.

		f. Final As-Built conduit/conductor schedule spreadsheet (in .xls/.xlsx format) and As-Built Drawings of cable in hard copy and electronic formats, include exact cable lengths.





		C. Warranty Documentation:

		1. Sample warranty.

		2. Warranty.

		3. As specified in SECTION 26 00 10.





		1.5 QUALITY ASSURANCE

		A. The medium-voltage cable Manufacturer shall have a minimum of 10 years of experience in manufacturing medium-voltage cables; cable shall be made in the USA.

		B. UL Compliance:  Materials manufactured within the scope of UL shall conform to UL Standards and have an applied UL listing mark.

		C. The Manufacturer shall have available for audit detailed descriptions of the method by which the various manufacturing processes and production test are recorded, thus enabling the traceability of the completed cable.  Steps in the manufacturing pr...

		D. Terminating shall be performed by electricians having at least 80 hours of formal training and a minimum of 5 years of field experience in the Work of this Section.



		1.6 delivery, storage, and handling

		A. Check for reels not completely restrained, reels with interlocking flanges or broken flanges, damaged reel covering, or any other indication of damage.  Do not drop reels.

		B. Unload reels using a sling and spreader bar.  Roll reels in the direction of the arrows shown on the reel and on surfaces free of obstructions that could damage the cable.

		C. Store cable on a solid, well-drained location.  Unjacketed armored cable shall be stored indoors.  Cover cable reels with plastic sheeting or tarpaulin. Do not lay reels flat.

		D. Seal cable ends with heat-shrinkable end caps.  Do not remove end caps until cables are ready to be terminated.



		1.7 SITE CONDITIONS

		A. Materials and equipment shall be designed and manufactured for continuous operation, at rated current, at Project elevation, 104 F ambient and 95% relative humidity.



		1.8 Warranty

		A. Warranty for 20 year from the Substantial Completion date for the satisfactory performance and installation of the medium-voltage cables system and associated appurtenances.





		PART 2 products

		2.1 approved manufacturers:

		A. Cable:

		1. General Cable

		2. Okonite



		B. Cable Termination and Splicing Material:

		1. 3M Corp.

		2. Elastimold

		3. Raychem



		C. Pulling Compounds:

		1. Cable Grip Co.

		2. Ideal Company

		3. Polywater, Inc.



		D. Cable-To-Bus Bar Connection Kits:

		1. Raychem Corp., Type HVBC



		E. Cable End Caps – Heat-Shrinkable Polyolefin:

		1. 3M Corp., Type ICEC



		F. Electrical Grounding Braid:

		1. 3M Corp.

		2. Scotchbrand 25



		G. Cable Phase Identification:

		1. 3M Corp.

		2. Scotch 35 Tape



		H. Cable Ties:

		1. Thomas & Betts, Ty-Rap UV-Resistant Nylon 6.6





		2.2 materials

		A. The Manufacturer’s name, voltage class, type of insulation, thickness of insulation, conductor size, UL listing, and date of manufacture shall be printed on the jacket.

		B. Cables shall be suitable for use in partially submerged wet locations, in nonmetallic or metallic conduits, underground duct systems, and direct-buried installation.

		C. Cables shall be able to operate continuously at 105 C conductor temperature, with an emergency rating of 140 C and a short circuit rating of 250 C.  Emergency overloads shall be possible within the lifetime of the cable.

		D. Cable shall be UL listed as Type MV-105 and UV-resistant in accordance with UL 1072.

		E. Medium-voltage cables shall have the following physical characteristics:

		1. Conductors:  Annealed copper, Class B concentric lay, stranded in accordance with ASTM B 496.

		2. EPR insulated cable shall meet or exceed ICEA S-68-516/NEMA WC 8 and AEIC CS 8.

		a. Insulation:  Thermosetting EPR compound over an extruded, non-conducting high dielectric stress control layer, with a semi-conducting shield applied directly over the primary insulation.  The base elastomer shall have a maximum ethylene content of ...





		F. Cable Rating and Type:

		1. 5 kV cable:

		a. Cable type:  EPR Single conductor shielded MV-105.

		b. Insulation level:  5 kV – 133%, 8 kV – 100%, 95 kV BIL.

		c. Insulation shield:  Thermoset semi-conducting polymeric layer free stripping insulation shield shall consist of a layer of black material extruded directly over the insulation.

		d. Shield:  Metallic 5 mil annealed copper tape with a 25% overlap.

		e. Jacket:  CPE.

		f. Operating voltage:  4.16 kV, 3-phase, 60 Hz, high-resistance grounded distribution system.





		G. Pulling Compound:  Non-toxic, nonflammable, noncombustible, and noncorrosive.  The material shall be UL listed and compatible with the cable insulation and the jacket.

		H. Cable Identification:

		1. Medium-voltage cables in EHH and manholes shall be wrapped in high voltage warning tape.

		2. Cable identification tags shall be secured by cable ties.

		3. Identify each medium-voltage cable with a tag at terminations, splices, EHHs, manholes, and pullboxes.

		a. Assign a cable name where the load end shall be the originating location.

		1) Examples:

		a) 52L1-TB3-1A/MPT1-TB-X1 where:

		52L1 = Load end equipment

		TB3 = Device (terminal block) in load end equipment

		1A = Device termination point, usually line/phase

		MPT1 = Source end equipment

		TB = Device (terminal block) in source end equipment, if applicable

		X1 = Device termination point or line/phase







		b. Parallel cables shall be the same length and have the same tag.







		2.3 accessories

		A. Cable:

		1. Material used in terminating and splicing medium-voltage cables shall be as recommended by the cable Manufacturer.  Cables shall be terminated and spliced in accordance with the kit Supplier’s drawings.  Cable splices shall be wrapped and shall mee...

		2. Cable terminations shall meet or exceed the requirements of IEEE 48, Class I.

		3. Cable accessories shall be by one Manufacturer to assure adequate installer training and application assistance.

		4. The Manufacturer shall be able to document a minimum of 5 years successful field experience as well as demonstrating technical life assessment as requested.  The Manufacturer shall establish and document a quality assurance program implementing sui...



		B. Heat-Shrinkable Bus Connection Kits:

		1. Bus kits shall be capable of insulating bus bars 2-inches to 6-inches wide and for connection of one to 4 cables.  Kits shall electrically insulate and environmentally seal the connection and be easily re-enterable.

		2. Cable-to-bus bar connection kits shall be rated up to 15 kV class and tested in accordance with ANSI C37.20, Section 5.2.1.4 and Section 5.2.9.



		C. Cable Termination:

		1. Single conductor shielded cable terminations for indoor applications shall be one-piece, track-resistant EPDM rubber with top seal and ground strap assemblies.

		2. Termination shall have a current rating equal to or greater than the cable ampacity.

		3. Termination shall accommodate any form of cable shielding or construction without the need for special adapters.



		D. Lugs and Connectors:  Copper lugs and connectors shall be crimped with standard industry tooling.  Connections of copper stranded wire in size #6 AWG through 1,000 kcmil shall be made electrically and mechanically secured.  The lugs and connectors ...

		E. Electrical Grounding Braid:  Conducting metal braid shall be woven from 240 strands of #30 AWG tinned copper wires and be capable of carrying fault current comparable to that of #6 AWG copper wire.

		F. Cable Identification:

		1. A 7 mil, flame retardant, cold- and weather-resistant vinyl plastic electrical tape shall be used for phase identification.

		2. Secured by PP, plenum rated, UV-resistant cable ties.







		PART 3 execution

		3.1 general

		A. Determine the cutting lengths, reel arrangements, and total lengths of cable required.  Provide this data to the cable Manufacturer as soon as possible to assure on-time delivery of the cable.

		B. Parallel power conductors shall be of equal length.

		C. Make use of the field engineering services available from the cable Manufacturer.



		3.2 installation

		A. Cable Installation:

		1. When ambient temperature is below 50 F, cable reels shall be stored at 70 F for at least one day before installation.

		2. Do not exceed the Manufacturer’s recommendations for maximum pulling tensions and minimum bending radii.

		3. Pull cables from the direction that requires the least tension.

		4. Feed cables into raceway with zero tension and without cable crossover at raceway entrance.



		B. Terminating:

		1. Cables shall be terminated with stress cones.

		2. Cables shall be installed without splices.

		3. The Work area shall be kept warm, dry, and ventilated during cable splicing and terminating.

		4. Prepare cables in accordance with splice or termination kit Manufacturer’s installation details.

		5. Bond cable shield at each terminal location.

		6. Insulate and seal each cable-to-bus termination with heat-shrinkable bus connector kits.



		C. Electric Arc and Fire Proofing:  In EHHs, manholes, pullboxes, cable trays, and exposed locations where threat of fire exists or communicated fault can occur, wrap medium-voltage cables with one half-lapped layer of Scotch Brand 77 Electric Arc and...

		D. Marking and Identification:

		1. Medium-voltage feeders in each EHH and manhole shall be wrapped in high voltage warning tape.

		2. Plastic nameplates shall be installed in each EHH, manhole, pullbox, and at splice and terminating points.  These nameplates shall show the phase and feeder designations and the date when the cable was installed or when the splice or termination wa...





		3.3 quality control

		A. Shop Testing:

		1. Perform the Manufacturer’s standard production testing and inspection in accordance with Section 6 of ICEA S-68-516/NEMA WC8.  If requested by the ENGINEER, the Manufacturer shall submit certified proof of compliance with ICEA design and test stand...

		2. Provide certified test reports indicating that the cable has passed the following tests:

		a. Partial corona discharge test in accordance with AEIC CS8, Section G.

		b. Vertical tray flame test in accordance with IEEE 1202.



		3. After completion of the factory tests, individual pulling eyes shall be installed on a single or triplexed conductor length of cable.  Pulling eyes shall be suitable for maximum allowable pulling tension on the conductors and shall be sealed agains...



		B. Field Testing:

		1. Visual and mechanical inspection:

		a. Inspect each individual exposed power cable for:

		1) Physical damage.

		2) Proper connections in accordance with single-line diagram.

		3) Cable bends not in conformance with Manufacturer's minimum allowable bending radius, where applicable.

		4) Color coding in accordance with the Contract Documents.

		5) Proper circuit identification.



		b. Inspect mechanical connections for:

		1) Proper lug type for conductor material.

		2) Proper lug installation.

		3) Bolt torque level in accordance with ANSI/NETA ATS, unless otherwise specified by Manufacturer.



		c. Inspect shielded instrumentation cables for:

		1) Proper shield grounding.

		2) Proper terminations.

		3) Proper circuit identification.





		2. Equipment testing and inspection shall be performed in accordance with ANSI/NETA ATS and shall include:

		a. Shield continuity test.

		b. Insulation resistance test.

		c. DC Hipot test in accordance with IEEE 400.

		d. Partial Discharge Testing in accordance with IEEE 400.3.



		3. Submit certified copies of the test results and leakage plots to the ENGINEER within 5 days of completion of the tests.

		4. Immediately notify the ENGINEER and do not energize the cables if any of the following conditions occur:

		a. Cable damage.

		b. Improper installation and grounding.

		c. Shield discontinuity or high resistance.

		d. Dielectric absorption ratio and polarization index below 1.5.

		e. Abnormal plot of leakage current versus voltage.



		5. Defective and damaged cables:

		a. The ENGINEER shall make the sole determination of the acceptability of the cables based on the submitted test reports.  Do not energize cables until the test reports have been reviewed and approved by the ENGINEER.

		b. If, in the opinion of the ENGINEER, the cables or terminations are determined to be damaged or defective, provide the following remedial actions at no additional cost:

		1) Remove terminations and completely retest the cables to determine whether the cables are damaged or defective.

		2) Remove and replace damaged or defective cables as directed by the ENGINEER.

		3) Remake terminations with new kits.

		4) Completely retest cable and terminations.













		26 05 19 - Low-Voltage Conductors

		PART 1 GENERAL

		1.1 summary

		A. Section includes general information, products, and execution for low-voltage conductors.

		B. Related Sections:

		1. SECTION 26 00 10 – COMMON WORK RESULTS FOR ELECTRICAL





		1.2 REFERENCES

		A. American National Standards Institute/InterNational Electrical Testing Association (ANSI/NETA):

		1. Standard for Acceptance Testing Specifications for Electrical Power Equipment and Systems (ATS)



		B. ASTM International (ASTM):

		1. B 8 – Standard Specification for Concentric-Lay-Stranded Copper Conductors, Hard, Medium-Hard, or Soft



		C. Institute of Electrical and Electronics Engineers (IEEE):

		1. 118 – Standard Test code for Resistance Measurement

		2. 383 – Standard for Qualifying Class 1E Electric Cables and Field Splices for Nuclear Power Generating Stations



		D. Insulated Cable Engineer’s Association and National Electrical Manufacturers' Association (ICEA/NEMA):

		1. S-73-532/ WC 57 – Standard for Control, Thermocouple Extension, and Instrument Cables

		2. S-95-658/ WC 70 – Power Cables Rated 2000 Volts or Less for the Distribution of Electrical Energy



		E. International Organization for Standardization (ISO):

		1. 9001 – Quality Management Systems – Requirements



		F. National Electrical Contractors Association (NECA):

		1. 1 – Standard for Good Workmanship in Electrical Construction



		G. National Electrical Manufacturers Association (NEMA):

		1. CC 1 – Electric Power Connection for Substations



		H. National Fire Protection Association (NFPA):

		1. 70 – National Electrical Code (NEC)



		I. Underwriters Laboratories, Inc. (UL):

		1. 13 – Standard for Power-Limited Circuit Cables

		2. 44 – Standard for Thermoset-Insulated Wires and Cables

		3. 62 – Standard for Flexible Cord and Fixture Wire

		4. 486A/486B – Standard for Wire Connectors

		5. 510 – Standard for  Polyvinyl Chloride, Polyethylene and Rubber Insulating Tape

		6. 854 – Standard for Service-Entrance Cables

		7. 1277 – Standard for Electrical Power and Control Tray Cables with Optional Optical-Fiber Members

		8. 1581 – Reference Standard for Electrical Wires, Cables, and Flexible Cords

		9. 1681 – Standard for Wiring Device Configurations





		1.3 DEFINITIONS

		A. As specified in SECTION 26 00 10.



		1.4 Submittals

		A. Shop Drawings:

		1. Itemized Bill of Material.

		2. Manufacturer's literature:

		a. Wire and cable descriptive product information.

		b. Wire and cable accessories descriptive product information.

		c. Wiring systems descriptive product information.

		d. Wire systems rating information.

		e. Wire systems dimensional drawings.

		f. Wire systems special fittings.



		3. Conductor spreadsheet (in .xls/.xlsx format) and drawings of conductor and cable field interconnection in hard copy and electronic formats. Spreadsheet cell columns shall include:

		a. Conductor/conduit number.

		b. Complete conductor and cable circuit identification.

		c. Source end.

		d. Source terminal (device, terminal, wire number).

		e. Load end.

		f. Load terminal (device, terminal, wire number).



		4. Conduit/conductor schedule spreadsheet (in .xls/.xlsx format) and As-Built Drawings of cable in hard copy and electronic formats, include:

		a. Approximate cable lengths.

		b. Cable samples with cable marking system identification.



		5. Sample of conductors and cables with identification tags.

		6. Method and equipment for installing conductors.

		7. Connection types and locations.

		8. Provide conductor and cable tag and identification labels in field interconnection drawings for systems, cables, and conductors.

		9. Pulling tension calculations:

		a. Submit for approval before raceway installation.

		b. Show that the maximum tension will not exceed the Manufacturer’s recommendations.

		c. For cables and conductors larger than #2/0 AWG and pulling lengths longer than 100 feet.

		d. For cable and conductor sizes for pulling lengths longer than 200 feet.

		e. Fiber cable pulling calculations for pulling lengths longer than 100 feet.



		10. Busway:

		a. Complete Bill of Materials and descriptive product information.

		b. Drawings:  Complete plan, elevation, and isometric of busway and equipment, busway transitions to equipment, and busway support system.





		B. Quality Control Submittals:

		1. Testing related submittals.

		2. O&M manuals:

		a. Shop Drawing information.

		b. Factory and field certified test reports.

		c. Final As-Built conduit/conductor schedule with exact lengths.

		d. Fiber optic power meter test results.

		e. Fiber optic OTDR test results.

		f. A detailed map showing fiber optic network with numerical and color assignment to each fiber strand and termination panel.

		g. Final As-Built Drawings of the busway.





		C. Warranty Documentation:

		1. Sample warranty.

		2. Warranty.





		1.5 QUALITY ASSURANCE

		A. Equipment Manufacturer Qualifications:  A minimum of 10 years of documented experience in the Work of this Section.

		B. UL Compliance:  Materials manufactured within the scope of UL shall conform to UL Standards and have an applied UL listing mark.

		C. The Manufacturer shall provide a certificate of ISO 9001 compliance.



		1.6 SITE CONDITIONS

		A. Materials and equipment shall be designed and constructed for continuous operation, at rated current, at Project elevation, 104 F ambient and 95% relative humidity.



		1.7 Warranty

		A. Warranty for one year from the Substantial Completion date for the satisfactory performance and installation of the low-voltage conductors system and associated appurtenances.





		PART 2 PRODUCTS

		2.1 approved manufacturers

		A. Pulling Compound:

		1. Ideal Co.; Yellow 77

		2. Polywater, Inc.



		B. 600 V Rated Cable:

		1. Type 1:

		a. General Cable

		b. Lake Cable

		c. Okonite Co.

		d. Omni Cable



		2. Type 2:

		a. General Cable

		b. Lake Cable

		c. Okonite Co.

		d. Omni Cable



		3. Type 3:

		a. Belden 1118A

		b. General 247620

		c. Lake V162S



		4. Type 4:

		a. Belden 1119A

		b. General 261160

		c. Lake V163S



		5. Type 5:

		a. Belden 1055A, 1039A, 1041A, 1042A, 1043A, 1044A, 1045A

		b. General 237180, 237160, 235750, 242870, 237130, 277820, 242860

		c. Lake V164SPOS



		6. Type 6:

		a. Belden 3064A, 1093A, 1094A, 1095A, 3066A, 1096A

		b. Lake V1812STOS





		C. Conductors 600 V and Below:

		1. Tape:

		a. Scotch; Brand 77 with Scotch Brand 69 glass cloth tapebinder

		b. Plymount; Plyarc 30 with Plymount Plyglas glass cloth tapebinder



		2. Identification devices for conductors 600 V and below:

		a. Burndy, Insulink

		b. ILSCO

		c. Thomas & Betts, Sta-Kon



		3. Nylon, insulated, heavy duty, ring connectors:

		a. Burndy, Insulink

		b. ILSCO

		c. Thomas & Betts, Sta-Kon



		4. Cable lugs:

		a. Insulated, locking-fork, compression lugs:

		1) ILSCO, ILSCONS

		2) Thomas & Betts, Sta-Kon



		b. Uninsulated crimp connectors and terminators:

		1) ILSCO

		2) Square D, Versitide

		3) Thomas & Betts, Color-Keyed



		c. Uninsulated, bolted, 2-way connectors and terminators:

		1) Burndy, Quiklug

		2) ILSCO

		3) Thomas & Betts, Locktite





		5. Cable ties:  Nylon, adjustable, self-locking, reusable, and plenum rated:

		a. Thomas & Betts, TY-RAP



		6. Heat-shrinkable insulation:  Thermally stabilized, cross-linked polyolefin:

		a. Thomas & Betts, SHRINK-KON





		D. Communications Cable:

		1. CAT-6E:

		a. Belden, 7927

		b. Systimax, PowerSum 2061



		2. Data cable (RS-485):

		a. Belden, 3107A





		E. Busway:

		1. Eaton

		2. GE, Spectra Series

		3. Square D





		2.2 materials

		A. Pulling Compound:

		1. Non-toxic, noncorrosive, noncombustible, nonflammable, wax-based lubricant; UL listed.

		2. Suitable for rubber, neoprene, PVC, PE, hypalon, CPE, and lead-covered wire and cable.

		3. Suitable for zinc-coated steel, aluminum, PVC, bituminized fiber, and fiberglass raceways.



		B. Conductors 600 V and Below:

		1. In accordance with ICEA/NEMA S-95-658/WC 70; conductors shall be rated 600 V.

		2. Conductor Type:

		a. 120 V and 277 V lighting, #10 AWG and smaller:  Solid copper.

		b. 120 V receptacle circuits, #10 AWG and smaller:  Solid copper.

		c. Other circuits:  Stranded copper.



		3. Insulation:  Type XHHW-2.

		4. Flexible cords and cables:

		a. Use only where indicated in the Contract Documents.

		b. Type SOW-A with EPR insulation in accordance with UL 62.

		c. In accordance with ICEA/NEMA S-95-658/WC 70.





		C. 600 V Rated Cable:

		1. Conductors for general wiring:

		a. Type:  TC, in accordance with UL 1277, including vertical tray flame test at 20,000 Btu/hr, and NFPA 70, Article 340, or UL 13 in accordance with NFPA 70, Article 725.

		b. Permanently and legibly marked with the Manufacturer's name, maximum working voltage for which cable was tested, type of cable, and UL listing mark.

		c. Suitable for installation in open air, in cable trays, or conduit.

		d. Minimum temperature rating:  90 C dry locations; 75 C wet locations.

		e. Overall outer jacket:  Flame retardant, UV-resistant and oil-resistant.

		f. Color code:

		1) Smaller than #8 AWG:  ICEA Method 1, Table E-2.

		2) #8 AWG and larger:  ICEA Method 4.





		2. Type 1 – XLP/CPE multi-conductor control and power cable:

		a. Conductors:

		1) Class B stranded, tinned, soft copper conforming to Part 2 of ICEA.

		2) Insulation:  XKP with CPE jacket.

		3) Insulation thickness:  30 mil.

		4) #14 AWG through #10 AWG, 7-strand.

		5) UL 1277 listed as Type XHHW-2 rated VW-1, wet or dry locations, 90ºC.

		6) Flame resistance rated UL 1581, VW-1.

		7) Conductor group bound with spiral wrap of barrier tape.



		b. Individual conductors and complete cables shall be tested in accordance with UL requirements for TC power and control tray cables having XHHW-2, VW-1 insulated conductors, and ICEA/NEMA S-73-532/WC 57.

		c. Cable:  Passes the ribbon burner cable tray flame test requirements in accordance with UL and IEEE 383.



		3. Type 2 – FREP/CPE multi-conductor power cable:

		a. Conductors:

		1) In accordance with ICEA/NEMA S-73-532/WC 57.

		2) Class B stranded, tinned, soft copper in accordance with Part 2 of ICEA/NEMA S-95-658/WC 70.

		3) Insulation:  Flame retardant EPR, with CPE jacket.

		4) Insulation thickness:  30 mil.

		5) #14 AWG through #10 AWG, 7-strand.

		6) UL 1277 listed as Type XHHW-2 rated VW-1, wet or dry locations 90ºC.

		7) Conductor group bound with spiral wrap of barrier tape.



		b. Individual conductors and complete cables shall be tested in accordance with UL requirements for TC power and control tray cables having XHHW-2, VW-1 insulated conductors, and ICEA/NEMA S-95-658/WC 70.

		c. Cable assembly is UL 1581/ UL 1681 VF flame resistance rated.



		4. Type 3 – #16 AWG, twisted, shielded pair, instrumentation cable:  Single pair, designed for noise rejection for process control, computer, or data log applications in accordance with ICEA/NEMA S-73-532/WC 57.

		a. Outer jacket:  45 mil nominal thickness.

		b. Individual pair shield:  1.35 mil, double-faced aluminum/synthetic polymer overlapped to provide 100% coverage.

		c. Dimension:  0.3-inch nominal OD.

		d. Conductors:

		1) Bare, soft, annealed copper, Class B, 7-strand concentric, in accordance with ASTM B 8.

		2) #18 AWG, 7-strand tinned copper drain wire.

		3) Insulation:  15 mil nominal PVC.

		4) Jacket:  4 mil nominal nylon.

		5) Color code:  Pair conductors black and red.





		5. Type 4 – #16 AWG, twisted, shielded triad instrumentation cable:  Single triad, designed for noise rejection for process control, computer, or data log applications in accordance with ICEA/NEMA S-73-532/WC 57.

		a. Outer jacket:  45 mil.

		b. Individual pair shield:  1.35 mil, double-faced aluminum/synthetic polymer, overlapped to provide 100% coverage.

		c. Dimension:  0.32-inch nominal OD.

		d. Cable assembly is UL 1581/UL 1681 VF flame resistance rated.

		e. Conductors:

		1) Bare, soft, annealed copper, Class B, 7-strand concentric, in accordance with ASTM B 8.

		2) #18 AWG, 7-strand, tinned copper drain wire.

		3) Insulation:  15 mil nominal PVC.

		4) Jacket:  4 mil nylon.

		5) Color code:  ICEA Method 1, Table E-2, triad conductors black, red, and blue.





		6. Type 5 – #16 AWG, multi-twisted, shielded pairs with a common, overall shield instrumentation cable: Designed for use as instrumentation, process control, and computer cable, in accordance with ICEA/NEMA S-73-532/WC 57:

		a. Cable assembly is 1581/UL 1681 flame resistance rated.

		b. Conductors:

		1) Bare, soft, annealed copper, Class B, 7-strand concentric, in accordance with ASTM B 8.

		2) Tinned copper drain wires.

		3) Pair drain wire size #18 AWG; group drain wire size #16 AWG.

		4) Insulation:  15 mil PVC.

		5) Jacket:  4 mil nylon.

		6) Color code:  ICEA Method 1, Table E-1, pair conductors black and white with conductors numerically printed for group identification.

		7) Individual pair shield:  1.35 mil, double-faced aluminum/synthetic polymer.

		8) 600 V, 90 C rating.



		c. Cable shield:  2.35 mil, double-faced aluminum/synthetic polymer, overlapped for 100% coverage.

		d. Cable sizes:



		7. Type 6 – #18 AWG, multi-twisted, shielded triads with a common, overall shield instrumentation cable: Designed for use as instrumentation, process control, and computer cable, in accordance with ICEA/NEMA S-73-532/WC 57:

		a. Conductors:

		1) Bare, soft, annealed copper, Class B, 7-strand concentric, in accordance with ASTM B 8.

		2) Tinned copper drain wires.

		3) Pair drain wire size #20 AWG, group drain wire size #18 AWG.

		4) Insulation:  PVC/nylon.

		5) Jacket:  PVC.

		6) Color code:  ICEA Method 1, Table E-1, pair conductors black, white, and red with conductors numerically printed for group identification.

		7) Individual pair shield:  100% coverage, aluminum foil-polyester tape.

		8) 600 V rating.



		b. Cable shield:  100% coverage, aluminum foil-polyester tape.

		c. Cable sizes:





		D. Grounding Conductors:

		1. Equipment:  Stranded copper with green, Type XHHW-2, insulation.

		2. Direct-buried:  Bare, stranded copper, hand-drawn, minimum #4/0 AWG.



		E. Communications Cable:

		1. CAT-6E:

		a. Telephone and data cable shall be industrial Ethernet cable with the following features:

		1) Four twisted pairs shielded, #24 AWG solid bare, annealed copper conductors.

		2) Insulation:  Polyolefin.

		3) Outer jacket:  Industrial grade PVC.

		4) Suitable applications:  Industrial Ethernet cable, harsh environments, 100 MHz CAT-6E, RJ-45 compatible, noisy environments, 100BaseTX.

		5) Each cable shall be labeled in visible locations at both ends using the materials and nomenclature specified.





		2. Data cable (RS-485):

		a. Data cable shall have the following features:

		1) Two twisted pairs, overall 100% shielded, #22 AWG stranded, tinned copper conductors.

		2) Each cable shall be labeled in visible locations at both ends using the materials and nomenclature specified.







		F. Busway:

		1. Provide a totally enclosed low impedance busway system with all necessary fittings, power takeoffs, hanging devices, and accessories.  The busway shall have dead-front hinged cover type plug outlets positioned for feeders to the MCC.

		2. Rated 3,000 amperes continuous, 3-phase, 4-wire, 600 V, internal ground.  The minimum available short-circuit current at the input end shall be 65,000 amperes rms symmetrical.

		3. Components:

		a. Busway housing shall be extruded aluminum for maximum protection against corrosion from water and other contaminants normally encountered during construction.  Housing shall be totally enclosed for protection against mechanical damage and dust accu...

		b. Bus bar insulation material shall be epoxy NEMA Class B, 130 C.  Insulation shall be UL rated as self-extinguishing and shall be impervious to acids, alkalis, acetones, machine oils and lubricants commonly found in industrial environments.  The Man...

		c. Busway shall be rated as indicated in the Contract Documents.

		d. Bus bars shall be copper:

		1) Copper bus bars shall be tin-plated.

		2) Temperature rise at any point in the busway shall not exceed 55 C above ambient when operating at rated load current.





		4. Hanger system:  Horizontal busway runs shall be UL listed to hang on 10 foot centers in any position.  Horizontal busway runs shall have support hangers a maximum of 5 feet apart.  Vertical busway riser runs shall be supported with spring hangers a...

		5. Joints shall have ±1/2 inch adjustability and be the one-bolt removable type.  Joints shall be able to be made from one side when the busway is installed against a wall or ceiling.  Plug-in and feeder shall use identical parts.  Multi-stacks shall ...

		6. Plug-in busway shall be identical to feeder construction and performance except it shall have dead-front hinged cover type plug outlets positioned for feeders to the VFDs, and the MCC1.  Outlets shall be usable simultaneously.

		7. Plug-in unit safety device:

		a. Busway plugs shall be of the types and rating listed in the Contract Documents.  Switching devices shall be completely enclosed in a sheet steel housing.

		b. Shields shall protect stabs and ground plug body before stabs make contact.  A grounding terminal shall be inside plug body and shielding to prevent access to live parts when the cover is open.  A ground stab shall engage the ground tab on the busw...

		c. The cover and operating handle shall have provision to padlock in the off position.  The operating handle shall be easily moved from end to side or vice versa.

		d. A releasable cover interlock shall prevent the opening of the cover except when the switch is off.

		e. Operating switch type plugs shall have a positive quick-make, quick-break interrupter.  Circuit breaker plugs shall have true rms electronic sensing and an interrupting rating of at least 65,000 amperes rms, with interchangeable rating plugs.



		8. Testing:  Each busway item shall pass a dielectric withstand test of 5,000 VDC for 5 seconds.

		9. Finish:  ANSI 61 gray enamel.





		2.3 ACCESSORIES

		A. Conductors 600 V and Below:

		1. Tape:

		a. General purpose, flame retardant:  7 mil, vinyl plastic, Scotch Brand 33, rated for 90 C minimum, in accordance with UL 510.

		b. Flame retardant, cold- and weather-resistant:  8.5 mil, vinyl plastic, Scotch Brand 88.

		c. Arc and fireproofing:  30 mil, elastomer.



		2. Identification devices:

		a. Sleeve:  White identification heat-shrink sleeves with legible, machine printed, permanent black ink letters and numbers; figures shall be a minimum of 1/8-inch high.

		b. Tag:  Round phenolic white surface with black core engraved tags matching conduit tags dimensions secured by PPE, plenum rated, UV-resistant, cable ties, Thomas & Betts Ty-Rap UV-Resistant Nylon 6.6.

		c. Grounding conductor:  Permanent green heat-shrink sleeve, 2-inch minimum.



		3. Connectors and terminations:  Nylon, insulated, heavy duty, ring connectors.

		4. Cable lugs:

		a. In accordance with NEMA CC 1.

		b. Rated 600 V of the same material as the conductor metal.





		B. Busway:

		1. Furnish nameplates for each device as shown on the Drawings.  Color schemes shall be as shown on the Drawings.

		2. Thermal expansion fittings for:

		a. Runs longer than 150 feet when busway is not free to move at ends of run.

		b. When busway run crosses building expansion joint.

		c. Reducer cubicles and special adapter cubicles as shown on the Drawings.









		PART 3 EXECUTION

		3.1 GENERAL

		A. Conductor installation shall be in accordance with NECA 1.

		B. Conductor and cable sizing shown on the Drawings is based on copper conductors.

		C. Do not exceed the cable Manufacturer's recommendations for maximum pulling tensions and minimum bending radii.

		D. Parallel power conductors shall be of equal length.

		E. Tighten screws and terminal bolts in accordance with UL 486A/486B for copper conductors.

		F. Provide cable lugs with the correct number of holes, bolt size, and center-to-center spacing as required by equipment terminals.

		G. Bundling:  Where single conductors and cables in equipment, panels, terminal boxes, wireways, and other locations are not wrapped together by some other means, bundle conductors from each conduit throughout their exposed length with cable ties plac...

		H. Ream, remove burrs, and clear the interior of installed conduit before pulling wires or cables.

		I. Concrete-Encased Raceway Installation:  Prior to the installation of conductors, pull a mandrel approximately 1/4 inch smaller than the inside diameter of the raceway through each raceway.



		3.2 Preparation

		A. Busway:

		1. Verify that busways are ready to install.

		2. Verify field measurements are as shown on the Drawings and as instructed by the Manufacturer.

		3. Verify that required utilities are available, in proper location, and ready for use.

		4. Beginning of installation means the installer accepts conditions.





		3.3 installation

		A. Power Conductor Color Coding:

		1. #6 AWG and larger:  Apply general purpose, flame retardant tape at each end, and at accessible locations wrapped at least 6 full overlapping turns, covering an area 1 1/2-inches to 2-inches wide.

		2. #8 AWG and smaller:  Provide colored conductors.

		3. Colors:

		4. Tracer:  Outer covering of white with an identifiable colored strip other than green in accordance with NFPA 70.



		B. Circuit Identification:

		1. Identify power, instrumentation, control, communications, security, SCADA and fire alarm, cables, and conductors at each termination, splice, EHH, and manhole.

		a. Assign a circuit name where the load end shall be originating location.

		1) Examples:

		a) 52-2-TB-48-21/GCP-NGT-XXX where:

		52-2 = Load end equipment

		TB = Device (terminal block) in load end equipment

		48-21 = Device terminal (normally the same as wire number)

		GCP = Source end equipment

		NGT = Device (terminal block) in source end equipment

		XXX = Device terminal, if different than wire number





		b. Conductors and cables that are in parallel or in series between equipment shall have the same circuit name.  Terminal/conductor numbers shall be the same as the terminal to which it connects.



		2. Method:

		a. Conductors #3 AWG and smaller cables with small conductors:  Identification sleeves shall be sized to fit the conductor insulation and shrunk to fit the conductor with hot air.

		b. Cables, and conductors #2 AWG and larger fiber optic cables:  Each cable and conductor identification tag shall be secured by cable ties.

		c. Taped-on markers or tags relying on adhesives are not permitted.

		d. Provide conductor and cable tag and identification labels in field interconnection drawings for all systems, cables, and conductors.





		C. Conductors 600 V and Below:

		1. Do not splice incoming service conductors and branch power distribution conductors #8 AWG and larger unless shown on the Drawings or approved by the ENGINEER.

		2. Connections and terminations:

		a. Install wire nuts only on solid conductors of 120 V and 277 V lighting and 120 V receptacle circuits only.

		b. Install nylon self-insulated crimp connectors and terminators for instrumentation, control, and power circuit conductors #6 AWG and smaller.

		c. Install uninsulated crimp connectors and terminators for instrumentation, control, and power circuit conductors #4 AWG through #2/0 AWG.

		d. Install uninsulated, bolted, 2-way connectors and terminators for power circuit conductors #4/0 AWG and larger.

		e. Install uninsulated, bolted, 2-way connectors for motor circuit conductors No. 12 and larger.

		f. Tape insulate uninsulated connections.

		g. Place no more than one conductor in any single-barrel pressure connection.

		h. Install crimp connectors with tools approved by the connector Manufacturer.

		i. Install terminals and connectors acceptable for the type of material used.

		j. Compression lugs:

		1) Attach compression lugs with a tool specifically designed for that purpose.

		2) The tool shall provide complete, controlled crimp and shall not release until crimp is complete.

		3) Do not use plier type crimpers.





		3. Do not use soldered mechanical joints.

		4. Splices and terminations:

		a. Indoors:  Use general purpose, flame retardant tape.

		b. Outdoors:  Use flame retardant, cold- and weather-resistant tape.



		5. Cap spare conductors and cables with UL listed end caps.

		6. Cabinets, panels, and motor control centers:

		a. Remove surplus wire; bridle and secure.

		b. Where conductors pass through openings or over edges in sheet metal, remove burrs, chamfer edges, and install bushings and protective strips of insulating material to protect the conductors.



		7. Control and instrumentation wiring:

		a. Where terminals provided will accept such lugs, terminate control and instrumentation wiring, except solid thermocouple leads, with insulated, locking-fork compression lugs.

		b. Terminate with methods consistent with the terminals provided, and in accordance with the terminal Manufacturer's instructions.

		c. Locate splices in readily accessible cabinets or junction boxes using terminal strips.

		d. Cable protection:

		1) Install individual wires, pairs, or triads into bundles at least 1/2-inch in diameter.

		2) Maintain integrity of shielding of instrumentation cables.

		3) Ensure grounds do not occur because of damage to jacket over the shield.





		8. Extra conductor length:  For conductors to be connected by others, install a minimum of 6 feet of extra conductor in freestanding panels and a minimum of 2 feet in other assemblies.

		9. Busway:

		a. Install in accordance with the Manufacturer's instructions.

		b. Install required safety labels.







		3.4 Cleaning:

		A. Busway:

		1. Clean the interiors of switchboards, panels, and separate enclosures to remove construction debris, dirt, and shipping materials.

		2. Repaint scratched or marred exterior surfaces to match the original finish.





		3.5 Adjusting:

		A. Busway:

		1. Adjust circuit breakers, switches, access doors, and operating handles for free mechanical and electrical operation as described in Manufacturer's instructions.

		2. Adjust circuit breaker trip and time delay settings to the values specified by the coordination study.





		3.6 QUALITY CONTROL

		A. Conductors 600 V and Below:  Test in accordance with UL 44 and UL 854.

		B. Visual and Mechanical Inspection:

		1. Inspect each individual exposed power cable for:

		a. Physical damage.

		b. Proper connections in accordance with the single-line diagram.

		c. Cable bends not in conformance with Manufacturer's minimum allowable bending radius, where applicable.

		d. Color coding conformance with specifications.

		e. Proper circuit identification.



		2. Inspect mechanical connections for:

		a. Proper lug type for conductor material.

		b. Proper lug installation.

		c. Bolt torque level in accordance with ANSI/NETA ATS.



		3. Inspect shielded instrumentation cables for:

		a. Proper shield grounding.

		b. Proper terminations.

		c. Proper circuit identification.



		4. Inspect Control cables for:

		a. Proper termination.

		b. Proper circuit identification.



		5. Cables terminated through window type CTs:  Verify that neutrals and grounds are terminated for correct operation of protective devices.



		C. Electrical Tests for Conductors No. 6 and Larger:

		1. Insulation resistance tests:

		a. Utilize 1,000 VDC megohmmeter for 600 V insulated conductors.

		b. Test each conductor with respect to ground and to adjacent conductors in accordance with IEEE 118 procedures for one minute.

		c. Evaluate ohmic values by comparison with conductors of same length and type.

		d. Investigate values less than 50 megohms.



		2. Continuity test by ohmmeter method to ensure proper cable connections.



		D. Busway:

		1. Inspect installed busways for anchoring, alignment, grounding, and physical damage.

		2. Check the tightness of all accessible mechanical and electrical connections with a calibrated torque wrench.  The minimum acceptable values are specified in the Manufacturer's instructions.

		3. Megger busways using 2,500 VDC Megger.  Check phase to phase, phase to ground.  Individual lengths should be at least 3 megohms.  Entire run should be at least one megohm.  Divide runs over 100 feet long.









		26 05 26 - Grounding and Bonding

		PART 1 GENERAL

		1.1 Summary

		A. Section includes general information, products, and execution for grounding and bonding.

		B. Related Sections:

		1. SECTION 26 00 10 – COMMON WORK RESULTS FOR ELECTRICAL

		2. SECTION 26 05 19 – LOW VOLTAGE CONDUCTORS





		1.2 REFERENCES

		A. American National Standards Institute (ANSI):

		1. C2 – National Electrical Safety Code



		B. Institute of Electrical and Electronics Engineers (IEEE):

		1. 81 – Guide for Measuring Earth Resistivity, Ground Impedance, and Earth Surface Potentials of a Grounding System



		C. National Fire Protection Association (NFPA):

		1. 70 – National Electrical Code (NEC)



		D. Underwriters Laboratories (UL):

		1. 467 – Grounding and Bonding Equipment





		1.3 DEFINITIONS

		A. As specified in SECTION 26 00 10.



		1.4 Submittals

		A. Product Data:

		1. Exothermic weld connectors:

		a. Installation manual for the exothermic process used.

		b. A copy of training certifications for installers.



		2. Ground rods.



		B. Shop Drawings:

		1. Itemized Bill of Material.

		2. Descriptive information.

		3. Ground grid and ground system layout drawings shall include:

		a. Dimensioned locations and depths.

		b. Connection types and locations.

		c. Ground enhancement materials Manufacturer’s literature and installation instructions.



		4. Compression connectors:  Compression tools including die details.

		5. Mechanical connectors.



		C. Quality Control Submittals:

		1. Testing related submittals.

		2. O&M manuals:

		a. Shop Drawing submittal information.

		b. Final As-Built Drawings, schedules, lists, and photographs in hard copy and electronic media.

		c. Factory and field certified test reports.





		D. Warranty Documentation:

		1. Sample warranty.

		2. Warranty.





		1.5 QUALITY ASSURANCE

		A. Manufacturer Qualifications:  A minimum of 10 years of documented experience in the Work of this Section.

		B. UL Compliance:  Materials manufactured within scope of UL shall conform to UL Standards and have an applied UL listing mark.



		1.6 SITE CONDITIONS

		A. Materials and equipment shall be designed and constructed for continuous operation, at rated current, at Project elevation, 104 F ambient and 95% relative humidity.



		1.7 Warranty

		A. Warranty for one year from the Substantial Completion date for the satisfactory performance and installation of the grounding and bonding system and associated appurtenances.





		PART 2 PRODUCTS

		2.1 Approved Manufacturers:

		A. Connectors – Exothermic Weld Type:

		1. Cadweld

		2. Cadweld Exolon

		3. Erico Products, Inc.



		B. Connectors – Compression Type:

		1. Burndy Corp.



		C. Connectors – Mechanical Type:

		1. Burndy Corp.

		2. Thomas and Betts Co.



		D. Ground Enhancing Materials:

		1. Erico Products, Inc.



		E. Ground Rods:

		1. Erico Products, Inc.





		2.2 materials

		A. Ground Rod:

		1. Material:  Copper-clad steel.

		2. Diameter:  Minimum 3/4-inch.

		3. Length:  10-feet.



		B. Ground Conductors:  As specified in SECTION 26 05 19.

		C. Connectors:

		1. Exothermic weld type:

		a. Outdoor weld:  Suitable for exposure to elements or direct burial.

		b. Indoor weld:  Utilize low-smoke, low-emission process.

		c. Current carrying capacity greater than or equal to that of the conductor.

		d. Permanent molecular bond that will not loosen, corrode, or deteriorate.



		2. Compression type:

		a. Compress-deforming type; wrought copper extrusion material.

		b. Manufactured of high copper alloy specifically for the particular grounding application.

		c. Suitable for direct burial in earth and concrete.

		d. Identifying compression die number inscription shall be impressed on compression fitting.

		e. Single indentation for conductors #6 AWG and smaller.

		f. Double indentation with extended barrel for conductors #4 AWG and larger.

		g. Barrels pre-filled with oxide-inhibiting and anti-seizing compound and sealed.



		3. Mechanical type:

		a. Split-bolt, saddle, or cone screw type only when approved by the ENGINEER.

		b. Copper alloy material.



		4. Ground enhancing materials:

		a. Ground enhancement material in its set form shall have a resistivity of not more than 2 ohm-cm.

		b. Ground enhancement material shall be permanent and maintenance-free, no recharging with salts or chemicals which may be corrosive, and maintain its earth resistance with time.  It shall set up firmly and not dissolve, decompose, or otherwise pollut...

		c. The ground enhancement material shall be suitable for installation in a dry or slurry form.

		d. The ground enhancement material shall not depend on the continuous presence of water to maintain its conductivity.









		PART 3 EXECUTION

		3.1 GENERAL

		A. The main ground electrode system resistance to ground shall be no greater than 5 ohms.  Install additional ground cable and ground rod electrodes to achieve specified resistance to ground.

		B. Grounding shall be in accordance with NFPA 70 and ANSI C2.

		C. Provide and extend existing grounding grid as shown on the Drawings.  Provide individual ground pigtails for equipment and bonding as shown on the Drawings.

		D. Ground cable shall have a minimum cover of 30 inches below finished grade.

		E. Ground cable near the base of a structure shall be installed no closer than 24 inches to the structure.

		F. Ground cable through exterior walls shall be prepared with a waterstop that shall include filling the space between the strands with solder and soldering a 12-inch copper disc over the cable.

		G. Exposed ground cables shall be securely fastened every 36 inches at a minimum, utilizing fasteners with corrosion resistance equal to that of the conductor.

		H. Ground electrical service neutral at service entrance equipment to the existing ground grid.

		I. Ground each separately derived system neutral to ground grid.

		J. Bond together system neutrals, service equipment enclosures, exposed noncurrent-carrying metal parts of electrical equipment, metal raceways, ground conductor in raceways and cables, receptacle ground connections, and metal piping systems.

		K. Connections between dissimilar metals shall be made with tinned copper or tinned bronze equipment.

		L. Provide a separate, green insulated, grounding conductor in each raceway independent of raceway material:

		1. Multi-conductor power and control cables shall include an integral green insulated grounding conductor.

		2. Provide a separate grounding conductor in each individual raceway for parallel feeders.



		M. Ductbanks:

		1. Provide a bare copper grounding conductor the entire length of each ductbank, embedded in the concrete of the ductbank.

		2. Bond ductbank ground conductors together in each EHH or where ductbanks join, merge, intersect, or split.



		N. Shielded Instrumentation Cables:

		1. Ground shield to ground bus at power supply for analog signal.

		2. Expose shield a minimum of one inch at termination to field instrument and apply heat-shrink tube.

		3. Do not ground instrumentation cable shield at more than one point.  The grounding point shall be at the control panel or at the power source end of the signal carried by the cable.





		3.2 installation

		A. Wire Connections:

		1. Install ground conductors in conduit containing power conductors and control circuits.

		2. Connect ground conductors to raceway grounding bushings.

		3. Extend and connect ground conductors to ground bus in equipment containing a ground bus.

		4. Connect the enclosure of equipment containing ground bus to that bus.

		5. Bolt connections to equipment ground bus.  Cable connections to bus bar shall be made with compression one-hole or 2-hole lugs.

		6. Bond grounding conductors to metallic enclosures at each end and to intermediate metallic enclosures.

		7. Furnish junction box materials and connect to the equipment grounding system.

		8. Ground conductors on equipment shall be formed to the contour of the equipment and firmly supported.

		9. Ground connection hardware, bolts, and nuts shall be in accordance with UL 467, high-strength, high-conductivity copper alloy.



		B. Motor Grounding:  Extend equipment ground bus by grounding conductor installed in motor feeder raceway; connect to motor frame.

		C. Ground Rods:

		1. Install full length with conductor connection at upper end.

		2. Install with connection point below finished grade.

		3. Conductor connection shall be exothermic weld.



		D. Connections:

		1. General:

		a. Above grade connections:  Exothermic weld type or compression type where approved by the ENGINEER.

		b. Below grade connections, splices, and joints:  Exothermic weld type.

		c. Connections, splices, and joints that will be inaccessible upon completion of construction:  Exothermic weld type.

		d. Remove paint, dirt, moisture, or other surface coverings at connection points to allow good metal-to-metal contact.

		e. Notify the ENGINEER prior to concealing or covering ground connections.  Do not conceal or cover ground connections until the ENGINEER or the authorized representative has approved the ground connections.



		2. Exothermic weld type:

		a. Wire brush or file the contact point to bare metal surface.

		b. Use welding cartridges and molds in accordance with the Manufacturer's recommendations.

		c. Avoid using badly worn molds.

		d. Molds shall be completely filled with metal when making welds.

		e. After completed welds have cooled, remove slag from the weld area and thoroughly clean the joint.



		3. Compression type:

		a. Install in accordance with the connector Manufacturer's recommendations.

		b. Install connectors of proper size for grounding conductors specified.

		c. Install using the connector Manufacturer's compression tool having properly sized dies.



		4. Mechanical type:

		a. Apply a homogeneous blend of colloidal copper and rust and corrosion inhibitor before making the connection.

		b. Install in accordance with the connector Manufacturer's recommendations.

		c. Mechanical connections shall not be concealed.

		d. Use only when approved by the ENGINEER.





		E. Metal Structure Grounding:

		1. Bond electrical and I&C equipment supported by metal platforms to the platforms.  Bond metal platforms or steps to the grounding grid.

		2. Provide electrical contact between metal frames and railings supporting push button stations, receptacles, instruments, control panels, and raceways carrying circuits to these devices.

		3. The following shall be permanently and effectively bonded to the ground grid with a #6 AWG copper conductor:  Equipment, enclosures, metallic structures, metal sheathing, exposed metal vertical structures, stairs, railings, hand rails, fences, fenc...



		F. EHH, Manhole, and Vault Grounding:

		1. Make connections of grounding conductors fully visible and accessible, with exothermic weld.

		2. Connect noncurrent-carrying metal parts, hatches, stairs, and any metallic raceway grounding bushings with #6 AWG copper conductor.



		G. Transformer Grounding:

		1. Bond neutrals of transformers within buildings to the system ground network and to any additional grounding electrodes shown on the Drawings.

		2. Bond neutrals of pad-mounted transformers to 4 locally driven ground rods and buried ground wire encircling transformer and system ground network.



		H. Surge Protection Equipment Grounding:  Connect surge arrestor ground terminals to equipment ground bus.



		3.3 QUALITY CONTROL

		A. Visual and Mechanical Inspection:

		1. Inspect equipment and circuit grounds in switchgear, motor control centers, and panelboards assemblies for proper connection and tightness.

		2. Inspect ground bus connections in switchgear, motor control centers, and panelboards assemblies for proper termination and tightness.

		3. Ensure effective transformer core and equipment grounding.



		B. Electrical Tests:

		1. Fall-of-potential test:

		a. In accordance with IEEE 81 for measurement of main ground system resistance.

		b. Main ground electrode system resistance to ground shall be no greater than 5 ohms.



		2. Two-point direct method test:

		a. In accordance with IEEE 81 for measurement of ground resistance between main ground system, equipment frames, and system neutral and derived neutral points.

		b. Equipment ground resistance shall not exceed main ground system resistance by 0.50 ohm.



		3. Verify and measure high resistance system ground connection to the ground grid.









		26 42 00 - Common Work Results for Cathodic Protection

		PART 1 GENERAL

		1.1 SUMMARY

		A. Section includes general information, products, and execution for common work results for cathodic protection.



		1.2 REFERENCES

		A. ASTM International (ASTM):

		1. B 26 – Standard Specification for Aluminum-Alloy Sand Castings



		B. Denver Water (DW):

		1. Engineering Standards, MS-12 – Cast Iron Valve Boxes



		C. Department of Transportation (DOT):

		1. AC 150/5320-6E – Airport Pavement Design and Evaluation



		D. Federal Communications Commission (FCC):

		1. Rule Part 15 – Radio Frequency Devices



		E. Military Standard:

		1. Mil. Spec. H-6008F – Heat Treatment of Aluminum-Alloy



		F. National Association of Corrosion Engineers (NACE):

		1. RP0104 – The Use of Coupons for Cathodic Protection Monitoring Application

		2. SP0169 – Standard Practice, Control of External Corrosion on Underground or Submerged Metallic Piping Systems

		3. SP0286 – Standard Practice, Electrical Isolation of Cathodically Protected Pipelines



		G. Occupational Safety and Health Administration (OSHA):

		1. 1910.252 (a) – Welding, Cutting, and Brazing





		1.3 DEFINITIONs

		A. Active Column of Deep Anode Groundbed:  The portion of groundbed that discharges current; consists of anodes and coke breeze.

		B. Cathodic Protection:  The electrical method of reducing or eliminating corrosion by making previous anodic areas on the structure surface a cathode by creating a DC current flow to the structure by use of a cathodic protection system.

		C. Cathodic Protection Criteria:  In accordance with NACE SP0169.

		D. Cathodic Protection Systems:

		1. Galvanic anode system:  Galvanic anode material, magnesium or zinc, which naturally corrodes or sacrifices itself and does not require an outside power source.

		2. Impressed current system:  Utilizes an outside power source, a rectifier that converts AC to DC current, and forces (impresses) current from a number of anodes (or groundbed) through the environment to the structure to be protected.



		E. Coke Breeze:  Low resistance, calcined petroleum, electrically conductive material.

		F. Deep Anode Groundbed:

		1. Cathodic protection impressed current groundbed that is installed in a drilled hole at a prescribed depth from the structure being cathodically protected to achieve electrical remoteness.

		2. Anodes and coke breeze are installed in the lower portion, active column; high resistant or sealing material is installed in the top section of the drilled hole, inactive column.



		G. Electrically Continuous Pipeline:  Linear electrical resistance equal to or less than the sum of the resistance of the pipe plus the maximum allowable bond resistance for each joint as specified in this Section.

		H. Electrical Isolation:  The condition of being electrically isolated from other metallic structures and the environment in accordance with NACE SP0286.

		I. Ferrous or Metallic Pipe:  Pipe or structure made of steel or iron alloys and pipe or structure containing steel or iron as a principal structural material (e.g., steel, DI, and CI).

		J. Functional and Performance Testing:

		1. Testing that is necessary to demonstrate that the installed equipment and systems function as specified and operate in the manner intended.

		2. Functional testing is a prerequisite to performance testing for equipment and systems that are specified to have a performance test.



		K. ICCP:  An impressed current cathodic protection installation location consisting of rectifier, groundbed, and anode terminal box.

		L. Inactive Column of Deep Anode Groundbed:  The portion of groundbed that does not discharge current; consists of the gravel fill, casing, and grout or concrete seal above the active column.

		M. Lead, Lead Wires, Joint Bond, and Cable:  Insulated copper conductor, the same as wire.

		N. Local Authority:  City, State, or County authority having jurisdiction.

		O. Manufacturer’s Representative:  An employee of the Manufacturer who is factory trained and knowledgeable in the technical aspects of their products and systems.

		P. Other Utility-Owned:  Buried pipe or cable not specifically owned or operated by the OWNER.

		Q. Raceways:  Conduit, plastic or metal pipe, or EMT for the casing of electrical or cathodic protection cables.

		R. Structure-to-Reference Electrode Potential or Structure-to-Reference Electrode Voltage:  The difference in voltage, potential, between the subject metallic structure and the electrolyte in which it is buried or submerged, as measured to the standar...



		1.4 SUBMITTALS

		A. Product Data:  The Manufacturer’s catalog data for materials, include the Manufacturer’s name and provide sufficient information to show that materials meet the requirements of the Contract Documents.

		B. Shop Drawings:  Drawings and computations prepared by or under the direct supervision of a Senior Corrosion Technologist or higher.

		1. Drawings shall be provided in electronic media on standard IBM computer compatible Hi-Speed USB Flash Drives and in quality hard copy media.  AutoCAD Drawings shall follow DW Design Drafting Standards and shall include, but not be limited to, the f...

		a. Drawings shall be on the Standard DW title block (provided electronically by DW).

		b. DW Standard line colors and weights.

		c. DW Standard text size and scale.

		d. Other Standards shall be approved by DW’s Design Drafting Supervisor.





		C. Quality Control Submittals:

		1. Senior Corrosion Technologist qualifications:

		a. Provide name and contact information.

		b. Currently certified by NACE.

		c. A minimum of 10 years of documented experience in corrosion control.

		d. Attend progress meetings as required.



		2. Certificates of compliance:  Components of test stations.

		3. Progress checklists and results with a narrative.

		4. Testing data conducted by a Senior Corrosion Technologist shall be provided 2 weeks prior to the Substantial Completion date and include:

		a. The locations of testing (stationing).

		b. Changes, modifications, and alterations from the Drawings.

		c. Comments relative to the Work.

		d. Failures and defects.

		e. Retesting information.



		5. Certificate of training completion from FreeWave.

		6. Cover styles prototype test report.

		7. Submit the intermittent test reports within 10 days of testing.

		8. Documentation from an independent testing agency that the pit covers meet the specified load rating.



		D. Warranty Documentation:

		1. Sample warranty.

		2. Warranty.





		1.5 Quality Assurance

		A. Senior Corrosion Technologist:

		1. Visit the site for testing and specification compliance verification bi-weekly at a minimum.  The frequency of visits may vary as agreed with the ENGINEER.

		2. Complete the Contractor Corrosion Prevention Project Progress Checklist and submit results with a narrative to the ENGINEER.



		B. Test/bond station locations:

		1. Locations shown on Drawings are approximate.

		2. Determine exact locations by field conditions, non-interference with other utilities, or mechanical and structural features.

		3. Note existing utilities in the area and avoid damage to utilities.

		4. Repair damage to utilities to the satisfaction of the ENGINEER and other utility owners at the CONTRACTOR’s expense.



		C. Materials fabrication and installation are subject to inspection and testing by the ENGINEER.

		D. Hot Work Permit Program in accordance with OSHA 1910.252 (a) shall be established and in place prior to exothermic welding.



		1.6 WARRANTY

		A. Warranty for one year from the Substantial Completion date for the satisfactory performance and installation of the cathodic protection system and associated appurtenances.





		PART 2 PRODUCTS

		2.1 Approved Manufacturers

		A. Flush Mount Test/Bond Station:

		1. Valve box top and lid:  In accordance with DW Engineering Standard MS-12



		B. DIA Flush Mount Test/Bond Stations:

		1. Cavotec Dabico US, Inc., DAB-9-CPE-4-24D, Open Bottom, 4200391-D9 Door Water Cathodic Lid



		C. Permanent Reference Electrodes, Lead Wire:

		1. Farwest Corrosion Control, SP-150

		2. Borin, Stelth 2

		3. Borin, Stelth 7 IR Free



		D. Remote Monitoring Test/Bond Station:

		1. FreeWave Technologies, Inc., Models, FGRCP and FGR2CP



		E. Exothermic Weld Equipment:

		1. Cadweld

		2. Erico Products, Inc.



		F. Exothermic Weld Caps:

		1. Royston Handy Cap IP for #10 AWG and smaller wire connections

		2. Royston Handy Cap XL IP for #8 AWG wire and larger



		G. Over-Voltage Protection:

		1. Dairyland PCR





		2.2 MATERIALS

		A. Flush Mount Test/Bond Station:

		1. Include test wires, valve box top, valve box lid, exothermic weld wire to structure attachment, and applicable structure coating repair.

		2. Test wires:

		a. Description:

		1) For test stations:  Single-conductor #12 AWG solid wire with Type TW or THWN insulation.

		2) For bond stations:  #8 AWG 7-strand wire with Kynar HMWPE insulation, manufactured with black insulation jacket.



		b. Wire insulation color coding:

		1) Water pipelines:  Blue.

		2) Reuse water pipelines:  Purple.

		3) Oil/gas pipelines:  White.

		4) Waste water pipelines:  Green.

		5) Casings:  Orange.

		6) Anode leads:  Black.

		7) Permanent reference cell leads:  Yellow.

		8) Power/electric lines:  Red.

		9) Communications lines:  Gray.





		3. Valve box top section:  16-inch by 6-inch CI.

		4. Valve box lid:

		a. CI drop lid, 5 1/4-inch.

		b. Cast “Cathodic Test DWD” in top.

		c. OWNER-furnished.





		B. Above Grade Test/Bond Station:

		1. Include test wires, TESTOX Series 900; a 5 terminal threaded test station top and a 12-inch by 12-inch by 3-inch concrete pad.

		2. Test wires:  Conform to the description above.

		3. Concrete pad:  Sakrete concrete mix.

		4. PVC pipe, 2-inch to 3-inch.

		5. Test post OWNER-furnished.



		C. Remote Monitoring Test/Bond Station:

		1. Include a compact, solid-state, electronic device in accordance with FCC Rule Part 15, using frequency hopping spread spectrum technology with 32-bit CRC with automatic retransmission that is capable of monitoring at minimum rectifier functions as ...

		2. Capable of monitoring:

		a. Rectifier input power status.

		b. Rectifier shunt voltage.

		c. Rectifier output voltage.

		d. Pipe-to-soil potential, up to 3 separate readings.

		e. Additional channels shall include:

		1) Discrete output.

		2) Discrete input.

		3) Analog input.





		3. Capable of operating as a slave monitor, repeater monitor, slave/repeater monitor, or master monitor.

		4. Capable of repeater data to or from other remote monitors.

		5. Capable of using both 8-bit and 16-bit open modbus RTU or ASCII data communications protocol.

		6. User programmable for field data collection in 20 minute increments.

		7. Capable of monitoring board temperature and back-up battery voltage on a continuous basis.

		8. Incorporate an integral solar/battery charging circuit and connectors.

		9. Full transient surge protection including full isolation on rectifier channels.

		10. Capable of operating from -40 F to 158 F.

		11. Infinite repeater capabilities.

		12. Capable of communicating cathodic protection data directly to SCADA host network or to field located remote terminal units.

		13. Designed to ensure backward and forward compatibility for new or existing units.

		14. Provide panel, enclosure, master radio, power supply, brackets, LMR cable connectors, and antennae, as shown on the Drawings and in Tables 1 and 2 below.

		15. Provide cable in correct length, connector type, and size to connect to communications box without splices, if necessary.



		D. DIA Flush Mount Test/Bond Stations:

		1. Provide at DIA in high loading areas including, but not limited to, concourses, aprons, and taxiways.

		2. Include test wires, pit cover, and fiberglass pit.

		3. Test wires:  Conform to the description above.

		4. Pit cover:

		a. Primary metal cast aluminum in accordance with ASTM B 26 with T-6 heat treatment in accordance with Mil. Spec H-6008F, no exceptions.

		b. Diameter:  9-inches.

		c. Maximum 15 pound lift.

		d. Emboss “WATER CATHODIC” service lettering on top.

		e. In accordance with DOT AC 150/5320-6E.

		f. Free of visible shrink porosity cavity areas, fillers, weldments, and paint to hide them (area colored/point-welded for information is allowed).

		g. Weight bearing mating flange surfaces of pit cover will be flat to within 0.050 inches total indicator reading.



		5. Fiberglass pit:

		a. Opening diameter to match lid, 9-inch diameter.

		b. Wall thickness:  0.25-inch.

		c. Integral concrete anchors.

		d. Open bottom.

		e. Integral top flange will require no extraneous corrosive material, weldments, or strongbacks to support cover.



		6. Testing of pit cover for DIA flush mount test/bond stations:  Cover loading over footprint shall result in minimum 740 psi rating with a maximum 0.100 inches full load deflection at the center indicator and a deflection rebound within 0.010 inches ...



		E. Permanent Reference Electrodes:

		1. For buried locations:

		a. Copper/copper/sulfate reference electrode.

		b. Minimum design life of 20 years.

		c. Stability:  5 mV under a 3.0 microamp load.



		2. Lead wire:

		a. #14 AWG with type RHH/RHW, TW, THWN, or HMWPE insulation.

		b. Length:  Minimum of 30-feet, sufficient to extend from electrode location to termination location without a splice.

		c. Attach to the electrode with the Manufacturer’s standard connection.



		3. Package in a low-resistivity backfill formulated to retain moisture and maintain stability.

		4. Provide IR free potential for impressed current systems by use of coupon electrode in accordance with NACE RP0104.

		5. Initial accuracy to be ±15 mV referenced to a calibrated portable reference electrode.



		F. Exothermic Weld Equipment:

		1. Include welder mold, exothermic weld charges, metal disk, wire sleeve, ignition source, and exothermic weld caps.

		2. Welder molds:

		a. Graphite molds sized for each type and size of charge and pipe size.

		b. Type:  As recommended by exothermic welds Manufacture for appropriate wire size.



		3. Exothermic weld charge:

		a. Mixture of copper oxide and aluminum material ignited by magnesium starting powder with spark.

		b. Materials:  Designed for the connection of copper to steel or DI and CI surfaces.



		4. Steel disk:  A 0.005-inch to 0.007-inch steel disk designed to fit at the bottom of the welder mold barrel.

		5. Ignition source:  A flint gun igniter capable of igniting the weld charge in a safe manner, electronic method is also acceptable.

		6. Wire sleeves:

		a. Copper adapter sleeves to build up conductors to fit welder molds.

		b. Size and type:  As recommended by the Manufacturer.



		7. Exothermic weld caps:

		a. A pre-fabricated weld cap filled with elastomeric mastic coating and a layer of tapecoat gray protective adhesive with integrated primer.

		b. Minimum 4-inch by 4-inch.





		G. Over-Voltage Protection – Polarization Cell:

		1. Solid state DC isolation/AC grounding device suitable for induced AC voltage mitigation.

		2. Provide a NEMA 4X enclosure and include:

		a. Stainless steel name plate.

		b. Connectors:  Compact or 4-hole NEMA terminals.

		c. Pedestal for mounting in enclosure.

		d. Pedestal mounting enclosure.

		1) Size:  36-inches high by 14-inches wide by 9-inches deep.

		2) Color:  Light green.

		3) Nominal fiberglass thickness:  3/16-inch.

		4) Exterior:  UV stabilized gelcoat 14 mil.

		5) Fire retardant.

		6) Stainless steel hardware.



		e. #4 AWG HMWPE, stranded copper wire.

		f. Bare, stranded copper wire for grounding: 50-feet.

		g. Hardware for connections.





		H. OWNER-Furnished Materials:

		1. Test posts.

		2. Valve box lids.







		PART 3 EXECUTION

		3.1 GENERAL

		A. Use above grade test/bond stations where possible.

		B. Locate above grade test/bond stations behind the sidewalk or off the roadway at a safe distance out of the traffic pattern.

		C. If an above grade test station is not feasible in a particular location, then a flush mount test station may be used with prior approval of the ENGINEER.

		D. Locate the flush mount test/bond station at the edge of the curb and out of the pavement if possible.  If no curb and gutter exist, locate the test/bond station at a safe distance out of the existing traffic pattern.

		E. Use continuous test/bond station lead wire without cuts, tears, or splices in the insulation.

		F. Attach test lead wires to the pipe by exothermic welding.

		G. Attach test lead wires to the pipe prior to backfilling.

		H. Use color-coded test wires as indicated above.

		I. At other utility-owned line crossings test stations, notify the owner of the pipeline and obtain permission before test leads are connected to their pipeline; the OWNER should have a representative present.

		J. Test the test/bond site prior to and after backfill in accordance with NACE SP0169.  Coordinate testing with the ENGINEER.

		K. Repair coating or lining damage due to cathodic protection installation.

		L. Install test leads and anode wires in PVC to protect pipe when it is 10 foot deep or deeper, final bury depth of leads is horizontal and 2 feet deep or less, or directly under final grade for asphalt or concrete.

		M. Exercise extreme caution during the installation procedure to prevent damage to leads.

		N. Replace damaged leads at the CONTRACTOR’s expense.



		3.2 APPLICATION

		A. Install test/bond stations:

		1. On continuous pipelines, not exceeding 1,000 feet apart.

		2. At major underground pipeline crossings.

		3. At cased crossings.

		4. At underground isolation flanges and couplings.

		5. At other locations as shown on the Drawings.





		3.3 installation

		A. Above Grade Test/Bond Stations:

		1. Coil sufficient slack in the leads around the temporary post at the test/bond station location during the backfilling operation.

		2. Remove the temporary wire post and excavate a 12 inch by 12 inch by 12 inch hole around leads.

		3. Feed leads up through the bottom of the test/bond station leaving a minimum of 2-feet of slack at the top of the post.

		4. Set the post upright in the hole and backfill and tamp soil firmly around the post to a depth of 3 inches below the finished grade.

		5. Fill the remainder of 12 inch by 12 inch by 3 inch excavation encompassing the reinforcing bars with concrete.

		6. Coil wires, place in the top of the post, and attach Testox Test Station by threading clockwise to the top of the post.

		7. Ensure the test post is plumb with the finished grade.

		8. Label wires; connect to terminals using appropriate wire connector.  Label board in test post.



		B. Flush Mount Test/Bond Stations:

		1. Provide sufficient slack coiled beneath the test/bond station to allow for soil settlement and to prevent damage to leads during backfill.

		2. Leave additional slack, 18-inches minimum, to allow for the withdrawal of wire above the top of the box for test purposes.

		3. The concrete pad shall be a minimum 18-inches square and 6-inches thick.



		C. Remote Monitoring Test/Bond Stations:

		1. To be installed by a FreeWave trained and certified installer:

		a. Open FGRCP test/bond station enclosure.

		b. Install FGRCP test/bond station in accordance with the Manufacturer’s instructions.

		c. Point the solar panel south.

		d. Fasten FGRCP to above grade test/bond station.

		e. Route field wiring.

		f. Terminate field wiring.

		g. Power up FGRCP test/bond station.

		h. Program FGRCP tests/bond station:

		1) Coordinate with the OWNER using FreeWave User’s Manual, computer, and programming cable.

		2) Connect to FGRCP radio using white 9-pin, RS232 Communication Port or gray 20-pin, Diagnostics Communication Port.

		3) Program FGRCP radio in accordance with the FreeWave User’s Manual; ensure compatibility with master radio network settings and configurations.

		4) In menu 1 (set Baud Rate), submenu B (ModBus RTU) shall be set to 1 (ON).

		5) After completing programming and the FGRCP radio display LED lights indicate it is linked and connected to the network, disconnect the programming cable from the FGRCP test/bond station.



		i. The OWNER will make final terminations to PLC.

		j. Verify operation and output to the OWNER’s connection in the OWNER’s existing PLC.

		k. Close up FGRCP test/bond station.

		l. Coordinate with the ENGINEER for commissioning and the final acceptance of equipment.





		D. DIA Flush Mount Test/Bond Stations:

		1. Drill a one-inch hole in the side of the fiberglass pit, 10 inches below the top of the pit and the thread hole, to accommodate one-inch threaded grommet.

		2. Thread one-inch PVC grommet into the pit opening until the 2 threads are showing inside the pit.

		3. Insert test/bond leads and permanent reference electrode and anode leads into the pit through the PVC grommet.

		4. Provide sufficient slack, 24-inches minimum, coiled in the pit to allow for the withdrawal of wire above the top of the pit for test purposes.

		5. Locate and install the pit in an area where no test leads, permanent reference electrode leads, or anode leads are directly below the pit, and at the proper elevation ensuring the pit lid is at the finished grade.

		6. Backfill around the pit with fill material to the specified compaction up to bottom of concrete apron.

		7. Place apron concrete around the pit and finish.

		8. Clean excess concrete or debris off the pit lid and in the pit flange area to ensure the ease of lid operation and proper aircraft wheel load distribution.



		E. Permanent Reference Electrodes:

		1. Prior to installation, soak permanent reference electrodes in a container of potable water for 15 minutes.

		2. Calibrate the permanent reference electrode in the presence of the ENGINEER by measuring the potential difference between the permanent reference electrode and an independent and portable calibrated reference electrode placed in the water adjacent ...

		3. Install permanent reference electrodes horizontally a maximum of 12 inches from the pipe, below the springline with the wire attachment side away from pipe.

		4. Compact native soil by hand around the electrode.

		5. Saturate the backfilled electrode with 5 gallons of water.

		6. Extend the electrode lead wire up and into the test/bond station in accordance with the Contract Documents.

		7. Install IR free electrodes 4 inches to 12 inches from the pipe of interest.  Seat coupon level with pipe invert and no higher than 1/3 of a pipe diameter.  Place in a PVC tube that extends from the coupon to flush-mounted box or test post to aid in...



		F. Test/Bond Station Lead Wire Attachment:

		1. Attach lead wire to the pipe by exothermic welding.

		2. The pipe to which wires are to be attached shall be clean and dry.

		3. Use a grinding wheel to remove coating, mill scale, oxide, grease, and dirt from an area approximately 3-inches square.

		4. Grind the surface to bright metal.

		5. Obtain approval from the ENGINEER for the chemicals proposed for use in surface preparation.

		6. Remove approximately one inch of insulation from the end of the wires to be exothermic welded to the structure, exposing clean, oxide free copper for welding.

		7. Using the exothermic weld Manufacturer’s recommended mold, place the wire between the graphite mold and the prepared metal surface.

		8. Use the sleeve crimped over the wire.

		9. Place the metal disk in the bottom of the mold.

		10. Pour the exothermic weld charge into the mold.

		11. Squeeze the bottom of the cartridge to spread the ignition powder over the charge.

		12. Close the mold cover and ignite the starting powder with a flint gun.

		13. After the exothermic reaction, remove the exothermic weld mold and gently strike the weld with a hammer to remove weld slag.

		14. Pull on the wire to ensure a secure connection.

		15. If the weld is not secure or the wire breaks, repeat the procedure.

		16. If the weld is secure, cover it with a plastic weld cap in accordance with the Contract Documents.



		G. GPS Locations:

		1. Notify the ENGINEER in writing a minimum of one day prior to backfilling exothermic weld connections, anodes, permanent reference electrodes, and test/bond stations.

		2. The OWNER will obtain GPS locations on exothermic weld connections and corresponding anodes, permanent reference electrodes, and test/bond stations.



		H. Post Installation Backfilling of the Test/Bond Station – Lead Wires:

		1. Protect the test/bond station lead wires to prevent damage to wire or insulation during backfilling.

		2. After completion of backfilling of test lead wires to pipe, verify the connection by recording a pipe-to-soil potential.

		3. Replace test lead wires that are damaged or have a high resistance connection.





		3.4 quality control

		A. Testing of Remote Monitoring Test/Bond Stations:

		1. Full factory test including:

		a. Firmware download test.

		b. Functional bench test.

		c. Auto program test.

		d. Burn in test with full temperature cycle from -40 F to 158 F.

		e. Radio link test.

		f. Data integrity test.

		g. Sample batch testing is not acceptable.





		B. Intermittent and Final Testing:

		1. Test the cathodic protection system periodically during construction and after construction is complete to ensure proper functionality in accordance with NACE SP0169.

		2. Notify the ENGINEER in writing a minimum of 2 days prior to testing.

		3. The ENGINEER will observe or assist with testing.

		4. Locate, identify, and correct construction defects, malfunctions, or incomplete Work.

		5. Retest the system in the presence of and to the satisfaction of the ENGINEER.

		6. Defects found by the OWNER during the warranty period shall be corrected at the CONTRACTOR’s sole expense, including additional engineering, retesting, and inspection time.









		26 42 13.01 - Impressed Current Cathodic Protection

		PART 1 GENERAL

		1.1 summary

		A. Section includes general information, products, and execution for impressed current cathodic protection for buried and submerged piping, structures, and appurtenances.

		B. Related Sections:

		1. SECTION 26 42 00 – COMMON WORK RESULTS FOR CATHODIC PROTECTION





		1.2 references

		A. ASTM International (ASTM):

		1. A 518 – Standard Specification for Corrosion-Resistant High-Silicon Iron Castings

		2. D 1248 – Standard Specification for Polyethylene Plastics Extrusion Materials for Wire and Cable

		3. D 1785 – Standard Specification for Poly(Vinyl Chloride) (PVC) Plastic Pipe, Schedules 40, 80, and 120

		4. F 480 – Standard Specification for Thermoplastic Well Casing Pipe and Couplings Made in Standard Dimension Ratios (SDR), SCH 40 and SCH 80



		B. National Association of Corrosion Engineers (NACE):

		1. SP0169 – Standard Practice, Control of External Corrosion on Underground or Submerged Metallic Piping Systems

		2. SP0572 – Standard Practice, Design, Installation, Operation and Maintenance of Impressed Current Deep Groundbeds



		C. National Electric Manufacturers Association (NEMA):

		1. Enclosures – Type 3, 3R, 3X, 4, and 4X

		2. MR-20 – Cathodic Protection Units





		1.3 DEFINITIONs

		A. As specified in SECTION 26 42 00.



		1.4 submittals

		A. Product Data:  As specified in SECTION 26 42 00.

		B. Shop Drawings:  As specified in SECTION 26 42 00.

		C. Quality Control:

		1. Certificates of compliance:

		a. Impressed current anode:  Independent laboratory analysis certifying that the anode supplied complies with the requirements of the Contract Documents.

		b. ICCP and corrosion control monitoring systems including, but not limited to, joint bonding, test stations, and insulators are demonstrated fully operational.

		c. Copies of field-collected data, including:

		1) As-Builts of installation and construction of ICCP and accurate location and type of anodes, wires, conduits, AC service drop, rectifier, pipe connections, and junction boxes.

		2) Deep anode groundbed As-Built information including, but not limited to:

		a) Drillers log.

		b) Initial well resistance log from the casing to the bottom of the drilled hole at 5 foot intervals.

		c) Final anode placement, coke breeze, casing, and seal depths.

		d) An anode resistance data summary before and after backfilling with coke breeze.

		e) Location adjustments for review.





		d. Testing data:  As specified in SECTION 26 42 00.



		2. Provide the ENGINEER with a proposed test procedure and equipment list for review and approval prior to beginning drilling operations.



		D. Warranty Documentation:

		1. Sample warranty.

		2. Warranty.



		E. Spare Parts:

		1. Fuses of each size and type:  10.

		2. Diode assemblies:  2.

		3. AC input lightning arrestors:  2.

		4. DC output lightning arrestors:  2.

		5. Box of lamps: One.

		6. Enclosure touch-up paint of each type and color used: One spray can.





		1.5 quality assurance

		A. CONTRACTOR’s Qualifications:

		1. A minimum of 5 years of documented experience in the Work of this Section.

		2. A minimum of 5 comparable projects completed in the last 5 years for review and approval.



		B. Senior Corrosion Technologist Qualifications:  As specified in SECTION 26 42 00.

		C. Manufacturer’s Qualifications:

		1. A minimum of 5 years of documented experience in the Work of this Section.

		2. Provide certification that materials and components meet the requirements of the Contract Documents, include references for the applicable Sections and standard details.



		D. Field Supervision:  Provide an adequately experienced, competent superintendent or foreman to supervise the construction site and serve as the point of contact for the ENGINEER.

		E. System Description:

		1. Design requirements:  Materials and equipment shall be new and the Manufacturer’s latest standard design that complies with the specification requirements in accordance with NACE SP0572.

		2. Performance requirements:  Protect associated structure to criteria in accordance with NACE SP0169.



		F. Show evidence of approval where UL standards exist and product listings are available.

		G. The use of the Manufacturer’s name and model or catalog number to establish a standard of quality and the general configuration desired.



		1.6 delivery, storage, and handling

		A. Coil the anode wires and secure and package the anode in crates, as required, to prevent damage during shipping.

		B. Ensure wire is not damaged and that anodes or lead connections at the anode end are not physically stressed.

		C. If anodes or wires are damaged, replace the complete anode.

		D. Coke Breeze:

		1. Bulk or bag shipping.

		2. Shipped and stored in a manner to keep it dry and minimize it from freezing solid.

		3. If bagged, provide and ship in waterproof bags.

		4. Bags shall be UV-resistant or protected with tarps to protect coke breeze from long-term UV exposure.



		E. Cathodic Protection Material:

		1. Store off the ground.

		2. Protect against weather, condensation, and mechanical damage.

		3. Handle with care.

		4. Do not sharply bend or tightly coil the wire.

		5. Replace equipment or materials damaged in shipment or installation.

		6. Immediately remove damaged materials from the Work site.

		7. Reference electrodes:

		a. Do not allow to freeze.

		b. Store in a protected area.

		c. Utilize before the specified storage stability period expires.







		1.7 site conditions

		A. Environmental Requirements:

		1. Store materials in covered and heated units to maintain minimum temperatures above the restricted temperature limits.

		2. Materials and equipment shall be designed and constructed for continuous operation at rated current, at Project elevation, 104 F ambient, and 95% relative humidity.





		1.8 Warranty

		A. Warranty for 3 years from the Substantial Completion date for the satisfactory performance and installation of the rectifier and associated appurtenances.

		B. Warranty for one year from the Substantial Completion date for the satisfactory performance and installation of the impressed current cathodic protection for buried and submerged piping and structures system and associated appurtenances.





		PART 2 PRODUCTS

		2.1 approved manufacturers

		A. Manual or Automatic Potential Controlled Rectifier:

		1. Universal Rectifier, Standard Air-Cooled Line



		B. Anode Centralizers for Deep Well Groundbed and Vertical Anodes:

		1. Farwest, Centra Series

		2. Mesa, Cen Series



		C. Coke Breeze for Deep Anode Type Groundbeds:

		1. Cathodic Engineering Equipment Company, LORESCO DW-1, SC-2, SC-3, RS-3

		2. Farwest Corrosion, Asbury 251-P

		3. Mesa, Great Lakes Carbon Coke No. 60



		D. Deep Anode Terminal/Junction Box:

		1. Hoffman Engineering Company

		2. Stahlin Brothers, Inc.

		3. Universal Rectifier, Inc.



		E. Wire Splice Insulation Kits:

		1. 3M Company, Scotchcast 90-B1

		2. 3M Company, Scotchcast 82-A1



		F. Electrical Splicing Tape:

		1. 3M Products, Scotch 130C and Scotch 33+ tape



		G. Deep Anode Well Seal:

		1. Berkeley Pump Company

		2. Cambell Manufacturing, Inc.

		3. Jacuzzi Brothers, Inc.



		H. Bentonite Sealer:

		1. Cathodic Engineering Equipment, Co., Inc., PermaPlug

		2. Mesa, Enviroplug



		I. Tap Splice Insulting Kit for Wire Insulation Repair:

		1. Scotchcast 90-B1



		J. In-Line Splice Insulating Kit for Insulation Repair:

		1. Scotchcast 82-A1



		K. Slotted Vent Pipe:

		1. Loresco, AllVent





		2.2 materials

		A. Manual Controlled Rectifier:

		1. Mount an engraved nameplate on the interior of the door:

		a. List the Manufacturer’s name and phone number, model number, year manufactured, serial number, and AC and DC electrical characteristics including voltage and amperage input and output electrical outlet ratings.

		b. Nameplates with only the Supplier’s name and phone number in place of the Manufacturer’s name and phone number will not be accepted and shall require replacement at no cost to the OWNER.



		2. In accordance with NEMA MR-20, cathodic protection rectifier units.

		3. Description:

		a. Ambient air-cooled.

		b. Manually controlled.

		c. Coordinate with site conditions as specified in this Section.

		d. Designed to operate continuously at the full rated output at ambient conditions as specified in this Section.

		e. Single-phase, bridge type with silicon diode, capable of operation at 110% of the rated input/output without damage to the components.



		4. Assembly components:

		a. Dual AC input of 208/480 V, single-phase, 60 Hz and a suitably sized thermal magnetic type circuit breaker on the front of the panel.

		b. Suitably sized heat sinks to maintain the rectifying element and the case temperatures below the maximum temperature recommended by the Manufacturer.

		c. Selenium surge plates and current and voltage limiting devices.

		d. Lightning protection devices on both AC output and DC output.

		e. Efficiency filter.

		f. Fine and coarse secondary taps with output controlled by a minimum of 20 evenly divided transformer tap settings; arrange in consecutive order.

		g. GFCI protected 120 V convenience receptacle self-powered from rectifier unit.

		h. Proper sized pedestal for mounting.



		5. Rectifier transformer:

		a. Separate and secondary type.

		b. Minimum efficiency:  95%.

		c. In accordance with NEMA and UL.

		d. Transformer insulation class and temperature rise:  180 C insulation system designed for full load operation at a maximum temperature rise of 115 C above 40 C ambient.



		6. Meters and shunt:

		a. Meters:

		1) Combination DC voltage current.

		2) D’Varsonal movement type.

		3) Individual switches so that the meter is not in circuit continuously.

		4) Accurate to within 2% of actual voltage and current output.

		5) On/off switch.

		6) Tested and calibrated at the factory.

		7) Test in the field for accuracy.

		8) Have inaccurate meters replaced by the Manufacturer.

		9) Scaled to measure the full scale of the rectifier output plus 25%.



		b. Shunt:

		1) External panel-mounted.

		2) Holloway type.

		3) In series with ammeter.

		4) Clearly identify shunt voltage and amperage.





		7. Rectifier panel board:

		a. Mount rectifier meters, shunt, AC circuit breaker, taps, AC and DC fuses, and DC output terminals.

		b. Nonmetallic.

		c. Construct of sufficient thickness to withstand shipping and operational stresses.

		d. Locate at the front of the rectifier to allow access for testing and adjustment.



		8. Rectifier DC terminals:  Solderless lug type.

		9. Tap studs, tap bars, nuts, and washers:  Suitably sized brass, bronze, nickel, or tin-plated copper.

		10. Clearly engrave or identify the polarity of the rectifier DC terminals, fine and coarse transformer tap numbering, meters, and fuses with a permanent marking system on the rectifier panel; stick on labels or tape are not acceptable.

		11. Provide an enclosure for the transformer, AC and DC circuit breakers, rectifier stacks, lightning arrestors, DC output meters, and wiring connections:

		a. Material:  Minimum 11 gauge steel.

		b. Finish:  Hot-dipped galvanized or baked enamel.

		c. Color: To be selected from the Manufacturer’s full color range.

		d. Air-cooled.

		e. In accordance with NEMA 3R.

		f. Suitable ventilation for adequate cooling of the rectifier by natural air convection.

		g. Protect interior components from weather, vandalism, and nest building insects.

		h. Provide:

		1) A grounding lug on the outside of the cabinet.

		2) Hinged and removable doors on the front and on both sides to allow access.

		3) Stainless steel latches and a hasp for padlocking.



		i. For air-cooled standard type rectifiers up to 25 ampere DC output, provide one size larger case than is standard for the rectifier rating to aid in cooling and access for testing and maintenance.

		j. For 26 ampere DC output size rectifiers or larger, provide with a standard size case.

		k. Power on indicating light.



		12. Clearly label conductors and wires corresponding to the Shop Drawings and clearly defining the respective voltage system, AD/DC/control.  Provide slip-on, heat-shrink wire labels for wires.



		B. Automatic Potential Control Rectifier (Alternate):

		1. Description, same as manual controlled except solid-state automatic potential controlled with a manual controlled option.

		2. Assembly components:

		a. Manual control taps as backup.

		b. Thermostatically controlled fan.

		c. Ventilation barriers.

		d. Permanent reference electrode as specified in SECTION 26 42 00.





		C. AC Power Service:  Provide as shown on the Drawings.

		D. Impressed Current Anodes:

		1. Chill cast anodes:  High silicon, chromium iron alloy, manufactured in accordance with ASTM A 518, Grade 3 with chemical composition percentages as follows:

		a. In tubular form with hollow, straight walled design.

		b. Do not exceed 1/4 inch bowing and deformation tolerances over the length of the anode.

		c. Solid walls of uniform thickness with an open cylindrical interior:



		2. Anode lead wire connection:

		a. Attach at the center of the anode.

		b. Minimum pull-out strength:  1 1/2 times the breaking strength of #8 AWG lead wire or 788 pounds for the center connection.

		c. Do not exceed 0.004 ohms for electrical contact resistance as measured across lead wire-to-connector junction.



		3. Anode centralizers for deep well groundbed and vertical anodes:

		a. Description:  Either a metal or a plastic assembly that can be securely attached to the anode without damaging or impairing the function of the anode or the anode wire.

		1) Size and type:  Such that they will center the vertical anode in a drilled hole and provide for easy field adjustment.

		2) Minimum of 3 vanes to keep the center anode in the hole.



		b. Do not block the hole or impair installation of the anode, anode lead wire, vent pipe, or coke breeze.



		4. Anode backfill:

		a. Coke breeze for the backfill of groundbeds:  Low resistance, less than 0.10 ohm-cm, electrically conductive, calcined petroleum type approved for direct burial by the appropriate local authorities.

		b. Coke breeze for surface and distributed type groundbeds:

		c. Coke breeze for deep anode type groundbeds:

		1) Suitable for pumping.

		2) Calcined.





		5. Permanent reference electrodes:  Copper/copper sulfate reference electrode material as specified in SECTION 26 42 00.

		6. Cathodic protection test stations:  As specified in SECTION 26 42 00.

		7. Exothermic weld materials:  As specified in SECTION 26 42 00.

		8. Exothermic weld caps:  Coating materials as specified in SECTION 26 42 00.

		9. Deep anode terminal/junction box:

		a. In accordance with NEMA 3, 3X, 4, or 4X type junction box, standard product of the recognized Manufacturer.

		b. Material:  Minimum 14 gauge steel.

		c. Minimum inside box dimensions:  16-inch by 12-inch by 6-inch deep or larger, if required to provide proper access for the number of anodes specified.

		d. Finish:  Coated with either baked enamel or heat-cured 100% solids thermosetting epoxy coating.

		e. Provide with:

		1) One piece of oil-resistant gasket to be mounted inside the door to form an oil-tight and dust-free seal.

		2) A locking lid and a hasp for a padlock.

		3) Separate back panel:

		a) For the attachment of a bus bar with a terminal strip or terminal block with medium-duty solderless compression type terminal connectors.

		b) Accommodate the anode wire and the rectifier positive header wire gauge specified with the necessary mounting hardware.

		c) Material:  A minimum 3/16-inch micarta or cross-laminated phenolic sheet.



		4) Sufficient copper shorting straps and 0.01 ohm Holloway Type RS shunts to electrically bond each anode lead terminal to the rectifier positive lead bus bar as shown on the Drawings.

		5) A minimum number of shunts and compression type connectors to match the number of anodes provided for each groundbed location.

		6) Rugged supports on the enclosure to allow it to be securely wall-mounted as shown on the Drawings.

		7) Double hub suitable for thread mounting in two 1 1/4-inch or larger rigid threaded RGS conduit.





		10. Hardware:

		a. Flat and split washer, terminal nuts, and studs:  1/4-inch.

		b. Finish:  Nickel-plated brass or bronze.



		11. Conduit, locknuts, and straps:  Install conduit, fittings, and wires in PVC-coated, rigid, hot-dipped galvanized steel conduit, as shown on the Drawings.

		12. Plastic conduit for cathodic protection sheathing:

		a. Diameter:  One-inch.

		b. Schedule 40 PE or PVC plastic pipe.



		13. Wire:

		a. Cathodic protection wires and cables:  Insulated stranded copper wire.

		b. Wire size, type, and insulation type:  As specified in this Section and SECTION 26 42 00.

		c. Joint bond and cathodic protection cables and test leads, #2 AWG, #4 AWG, #6 AWG, #8 AWG, and #12 AWG:

		1) Single-conductor, stranded copper wire with #12 AWG being solid copper.

		2) Insulation:

		a) HMWPE: 600 V.

		b) Minimum thickness in accordance with ASTM D 1248, Class C, Grade 5: 7/64-inch.





		d. Anode lead wire:

		1) #8 AWG, 7 strand, copper conductor with Kynar polyvinylidene and HMWPE PE jacket.

		2) Insulation:

		a) HMWPE: 600 V.

		b) Minimum thickness in accordance with ASTM D 1248, Class C, Grade 5: 7/64-inch.





		e. Test lead and wire reference electrode wire:  As specified in SECTION 26 42 00.

		f. Length:  Sufficient to reach anode terminal box without splicing additional wire.

		g. Wire insulation color:  Indicate the function of each wire as shown on the Drawings and as specified in SECTION 26 42 00.



		14. Deep anode junction box shunts:

		a. Holloway Type RS 0.01 ohm manganin wire shunt with 5 ampere capacity or MCM Miller, yellow, 0.01 ohm shunt, Cott or T and R, yellow, 0.01 ohm shunt with 10 ampere capacity.

		b. Resistance:  0.01 ohm.

		c. Capacity:  5 ampere minimum.



		15. Compression connectors for in-line and tap splices:

		a. C taps made of conductive wrought copper.

		b. Sized to fit the wires being spliced.

		c. Apply compression connectors with the proper crimp tool and die recommended by the Manufacturer for the wire and the tap connector size; in-line butt type wire splice connectors are not acceptable.



		16. Electrical splicing tape:  30 mil linerless rubber high voltage splicing tape and 7 mil vinyl electrical tape suitable for moist or wet environments.

		17. Electrical connectors:  Tin or nickel-plated copper, brass, bronze, or stainless steel for electrical conductivity and atmospheric corrosion resistance.

		18. Rectifier location marking tags:

		a. Stamped brass or aluminum.

		b. Stamped letters and numbers shall be 1/8-inch minimum size.

		c. Stamp with rectifier number and pipeline station describing the location of the rectifier.



		19. Pipe coating repair:  Materials as specified in SECTION 26 42 00.

		20. Downhole vent pipe for deep anode groundbeds:

		a. Material:

		1) Heavy duty Schedule 40 PVC.

		2) Diameter:  Minimum one-inch.

		3) In accordance with ASTM D 1785, Type 1, Grade 1.

		4) Resistant to chlorine.

		5) Either drilled and provided with geotextile fabric sock or slotted.





		21. Deep anode well seal:  2-piece, CI well seal with rubber packer to form a watertight seal.

		22. Well casing:

		a. Use when anode replaceability is desirable or environmental sealing requirements are necessary.

		b. Material:

		1) Standard weight steel or plastic.

		2) Plastic casing:  In accordance with ASTM F 480.

		3) Good condition, durable, and watertight.

		4) Non-toxic and resistant to water and soil corrosiveness.

		5) Meet local authority well drilling standards and withstand installation, grouting, and operating stresses.



		c. Nominal wall thickness for 6-inch or larger diameter steel casing:  0.25-inch thick.



		23. Sealing material:

		a. Impermeable material, such as cement grout, bentonite-gelatinous mud, or grout or puddling clay as required to meet local authority drilling code requirements.

		b. Cement grout sealer:

		1) Composed of a maximum of 2 parts by weight of sand and one part of cement with 5 gallons to 7 gallons of clean water (per 94 pound bag of cement).

		2) Quick-setting cement, retardants to setting, and other additives, including hydrated lime to make the mix more fluid (up to 10% of volume of cement) and up to 5% bentonite to make the mix more fluid and to reduce shrinkage, may be used.



		c. Bentonite sealer:

		1) High-swelling, chemically unaltered bentonite clay intended for plugging and sealing drilled holes.



		d. Puddling clay sealer:

		1) A mixture of bentonite, other expansive clays, fine-grained material and water, in a ratio of no less than 7 pounds of bentonite or expansive clay per gallon of water.

		2) Composed of a minimum of 50% expansive clay with the maximum size of the remaining portion not exceeding that of coarse sand.





		24. Gravel for deep anode groundbed:

		a. Use if allowed by state regulation.

		b. Thoroughly washed, sound, durable, and well-rounded gravel:  1 1/2-inch to 3/4-inch



		25. Deep anode surface vent pipe:

		a. One-inch diameter steel pipe with 180 degree gooseneck.

		b. Pre-drill end cap with a minimum of 6 evenly spaced 1/8-inch diameter holes.









		Composition, Weight Percentage

		Element

		0.70 to 1.10

		Carbon

		1.50 maximum

		Manganese

		14.20 to 14.75

		Silicon

		3.25 to 5.00

		Chromium

		0.20 maximum

		Molybdenum

		0.50 maximum

		Copper

		Length (ft)

		OD (inches)

		Weight (lbs)

		Type

		7

		2.2

		48

		2284

		7

		2.2

		48

		2684

		7

		3.8

		94

		3884

		7

		Element

		Percent Composition

		Volatile Matter

		0.7 to 1.8 maximum

		Ash

		2.3 maximum

		Sulfur

		5.9 maximum

		Actual Carbon

		91 maximum

		Particle Size

		85 less than 1/4 inch

		Bulk Density

		55 lbs/cf to 60 lbs/cf minimum

		Fixed Carbon (Carbon and Sulfur)

		96% minimum



		4.8

		128

		4884L

		PART 3 EXECUTION

		3.1 General

		A. Complete anode assembly, wire connections, splices, anode placement, coke breeze installations, and backfill operations during daylight conditions.

		B. Install corrosion protection system components (e.g., splices, bonds, and wire installation) when ambient temperature is above 15 F and rising to minimize damage to materials and insulation.

		C. Do not cadweld or utilize open flame or torches in areas of flammable vapors or airborne particles where a fire or explosion could result.

		D. Install and work around above grade and buried AC power and control lines and water, process, oil and gas pipelines with extreme care; follow the minimum separation distances in accordance with other utility requirements and regulations.

		E. Do not work next to power lines during times of high lightning activity.

		F. Provide AC power service as shown on the Drawings.



		3.2 installation

		A. Rectifier:

		1. Provide rectifier, entrance, switch, and electrical hardware.

		2. In accordance with NEC electrical codes, local utility company requirements, permitting agencies, and applicable codes and standards.

		3. Installation and locations as shown on the Drawings.

		4. Mounted to allow unobstructed access to and full opening of rectifier access doors for testing, maintenance, and repair.

		5. Install level and plumb.

		6. Ground rectifier case and AC entrance switch with a separate ground rod, other than for AC service.

		7. Install rectifier cables in PVC-coated rigid galvanized steel conduit.

		8. Terminate conduits with plastic-throated conduit bushings.

		9. Identify with a stamped identification tag permanently attached in a visible location on the inside of the rectifier housing.

		10. Stamp tag with the rectifier number and the pipeline stationing of the rectifier location.

		11. Install rectifier wire from the rectifier negative terminal directly to the pipelines or through a junction box as shown on the Drawings.

		12. Install wire rectifier positive terminal to the anode terminal box or the anode header wire junction box as shown on the Drawings.

		13. Clearly identify groundbed and structure leads in the rectifier case and boxes.

		14. Install a permanent reference electrode as specified in SECTION 26 42 00.

		a. Extend the electrode lead wire up to and terminate inside the rectifier housing at an accessible location on the front of the rectifier panel.

		b. Locate the electrode lead wire in a manner to avoid future excavation damage.





		B. Deep Anode Groundbed:

		1. Perform drilling, electrical logging of hole, lowering of anodes, coke breeze placement, and backfilling in a continuous operation.

		2. Ensure the process is observed by the ENGINEER in the prescriptive method that follows.

		3. Submit procedures if alternate methods are used.

		4. Construct holes and set casings round, straight, and plumb.

		5. Seal as specified herein or as required by local well drilling regulations; the most stringent requirements shall apply.

		6. Take necessary precautions to avoid contamination of the aquifer with contaminated water, gasoline, drilling fluids and additives, or other deleterious substances during construction, through opening, or by seepage through ground surface.

		7. For deep anode groundbeds, maintain a log describing depth and type of geological formations encountered during drilling; submit copies of the log to the ENGINEER and the local authority.

		8. Take precautions to avoid the entrance of foreign matter into the hole, the movement of soil strata, or the collapsing of the hole during progress of Work.

		9. Should the movement of soil strata or the collapse of drilled hole interfere with proper installation, recover wire and anode strings and ream or re-drill the hole at the CONTRACTOR’s expense.

		10. Drilling:

		a. Drill a minimal nominal depth as shown on the Drawings.

		b. Over-drill the hole depth as required to compensate for sloughing during anode installation such that top of the active column is not less than the minimum separation distance below the ground surface as shown on the Drawings.

		c. Drill fluid:  Non-hazardous, bentonite based, water well type drilling gel or mud.

		d. Drilling mud:  Certified by NSF as non-hazardous.

		e. Locations:

		1) Drill at the approximate locations shown on the Drawings.

		2) Exact locations will depend on the locations of structures and utilities encountered in the field and shall be determined in the field with the ENGINEER prior to the start of construction.



		f. Over-drill the hole and install surface casing as shown on the Drawings:

		1) Do not install casing, other than surface casing, unless necessary for the successful completion of the hole.

		2) Set surface casing prior to completion of the first 70 feet of the hole.

		3) Steel casing installation:  Cut below the surface and jack up to point 50 feet, minimum, above the top of the active column.

		4) Complete cutting and jacking operations before or after the installation of the anode assembly.

		5) Plastic casing may be installed in the inactive column area.



		g. Sealing:

		1) Seal annular space around the surface casing and soil in accordance with local authority well drilling regulations.

		2) Sealing material shall reach initial set before any additional Work on the drilled hole that may disturb the seal will be allowed to continue.

		3) Seal the hole to prevent downhole movement of surface water and the intermixing of different aquifers.

		4) Where separate aquifers are encountered, install a bentonite seal between the different aquifers.

		5) Bentonite seal thickness shall be a minimum of 3 feet.

		6) Increase seal thickness as required to maintain the separation of aquifers under high pressure or artesian conditions.

		7) If different aquifers are encountered in the active anode area, install separate vent pipes in areas between different aquifers.



		h. Contain and dispose of drilling mud and cuttings in a legal manner.

		i. Field dug mud pits or sumps are acceptable depending on the location and with prior written approval of the ENGINEER.

		j. Filled mud pits will only be considered, if they are completely pumped and cleaned out following drilling operations and then backfilled and compacted correctly to not cause settlement or soft areas in the future.



		11. Anode bed loading preparation:

		a. Provide the ENGINEER a minimum of one day notice prior to final anode hole preparation and anode and coke breeze placement.

		b. Provide sufficient coke breeze to backfill completely around anodes as shown on the Drawings with allowances for extra volume due to cave-ins, wash-outs, and excavation or installation methods.

		c. Complete the final preparation of the anode hole, electrical logging, lowering of anodes and vent pipe, coke breeze backfill, and placement of seals only during daylight hours and when observed by the ENGINEER.

		d. When holes are drilled to the specified depth, circulate clean water in the hole to clear it drilling mud and cuttings.

		e. Recirculate sufficiently to allow the settling of coke breeze without causing danger of anode hole collapse or wall sloughing.

		f. Schedule Work of anode bed loading preparations and assembly early in the day.

		g. Do not begin flushing and anode loading after 2:00 p.m. without prior written approval of the ENGINEER.



		12. Electrical logging:

		a. Flush the hole and electrically log the hole in the presence of the ENGINEER to determine downhole soil layer electrical characteristics for optimum anode evaluation.

		b. Make a resistance-to-earth reading as a short section of pipe or as the test anode is lowered down the hole.

		c. Testing will require suitable meters; a short section of weighted pipe or test anode; connection to a low resistance ground; a wire reel with the appropriate type, size, and amount of wire to reach the bottom of hole; and, a method to determine the...

		d. The current source shall be a minimum 12 VDC equipped with a shunt to measure current through the shunt.

		e. The use of a soil resistivity meter is not an acceptable method to log the drilled hole.

		f. Record resistance readings and depth from the bottom of the surface casing to the bottom of the hole continuously or at 5 foot increments for the entire hole depth; log hole and test anode or short piece of pipe removed prior to inserting the first...

		g. Based on the results of electrical log data and the driller’s log of soil formations, the ENGINEER may modify anode spacing and drilling depth.



		13. Lowering of anodes:

		a. Lower anodes after drilling, the ENGINEER’s review of the driller’s log, and the electrical logging of the hole are completed.

		b. The actual lowering of anodes and backfilling of the hole with coke breeze shall be observed by the ENGINEER.

		c. Delay installation of anode assembly and coke breeze until the next day if it cannot be completed during daylight of the same day as the completion of drilling and electrical loggings.

		d. If installation of the anode assembly is delayed more than 4 hours from completion of drilling operations, reinsert drill stem and bit and run back to the bottom of the hole.

		e. Maintain sufficient bit rotation and circulation to ensure the drilled hole is adequately prepared for anode and coke breeze installation.

		f. Place a minimum of one centralizer with 3 ribs or flights on each anode and adjust to fit down the hole and not cause damage to the wire insulation while keeping the anode in the center of the drilled hole.

		g. Place 3 centralizers, ribs, or flights 120 degrees apart.

		h. Do not damage the anode when attaching the centralizers; do not leave sharp edges or corners that may damage wire insulation.

		i. If metallic centralizers are used, tape ends to minimize possible damage to wire insulation.

		j. If a hole is drilled with mud, flush the hole with clean water in a continuous process before or after anodes are lowered until the return fluid is sufficiently clear to allow for the proper installation and settlement of anodes, vent pipe, and cok...

		k. The ENGINEER will inspect the return fluid before coke breeze installations can begin.

		l. Maintain the hole full of water during the installation of the anodes and coke breeze backfilling.

		m. Lay out anode leads and vent pipe to prevent damage, allow inspection, and to allow ease of downhole installation.

		n. Attach centralizers to each anode prior to lowering down the hole.

		o. The ENGINEER will inspect anodes and lead wires for damage.

		p. Damage to anodes or lead wires is cause for rejection of that anode assembly.

		q. Measure the anode lead wire length to verify and monitor actual anode depth and spacing in the drilled hole by one of the following methods:

		1) Measure anode lead length as the individual anode is lowered down the hole with a wire measurer to confirm actual anode elevation and spacing.

		2) Pre-measure the anode length and compare it to other anode lengths for reference; lay out anode leads, measure actual anode wire length, and pre-mark them to demonstrate actual wire lengths and show that the difference between end of wires are equa...



		r. If a pre-drilled vent is used, encase it in a geotextile sock and secure the sock with 2 complete wraps of tape on each end of the 20 foot pipe section.

		s. If slotted vent pipe is used, a geotextile sock is not required.

		t. For deep anode groundbeds, first attach the deepest anode to the pre-drilled or slotted vent pipe; seal weight with a cap or plug.

		u. After electrical logging is complete, carefully lower the anode and the vent pipe to the bottom of the hole.

		v. Wipe vent pipe individual ends clean and dry, and glue with solvent type cement.

		w. Solvent type cement and primer shall be designed to be suitable for similar fast set, immersion service, and joining of PVC.

		x. Clean, prime, glue, rotate the connection, and allow to sufficiently dry before the vent pipe is lowered.

		y. Lower remaining anodes individually.

		z. Monitor individual anode depth and spacing.

		aa. Maintain sufficient slack in the anode lead cables to prevent damage during anode installation and backfilling operations.

		bb. When the anode is at the specified depth, suspend in the hole and securely tie off around the suspension bar or the pipe with a sufficient diameter 2 1/2-inches minimum to prevent sharp bending of wires.

		cc. Tie wires off in order.

		dd. Keep anodes securely fastened until the coke breeze backfill has been placed and has settled.

		ee. Take care to avoid damage to anode assembly and wires from casing or drill rig.

		ff. During installation, if any anode is damaged or wire insulation is cut, gouged, or scraped, the anode and wire shall be replaced.

		gg. No wire splices will be allowed except those shown on the Drawings and approved by the ENGINEER.

		hh. Elevation and spacing of anodes shall be as shown on the Drawings unless the ENGINEER modifies the anode depth and spacing in the field based on the driller’s geological and electrical logs.

		ii. If directed by the ENGINEER, modify anode elevation by installing a gravel layer below the first anode or by over-drilling the hole.

		jj. If needed, flush the hole to allow for the installation and settlement of the gravel layer for anode location adjustment.



		14. Backfilling of the anode hole:

		a. After the anode assembly is installed to the predetermined depth, place the coke breeze column around the anodes by pumping.

		b. Thoroughly mix with water to prepare coke breeze slurry in accordance with the Manufacturer’s instructions.

		c. Pump coke breeze slurry in the hole at high pressure through an additional plastic pipe.

		d. Install plastic pipe in the drilled hole before or after the first anode and vent pipe assembly is installed in the drilled hole but before the remaining anodes are installed.

		e. Pump in an even and continuous manner around each anode from the bottom of the hole to the top as the pipe is slowly and carefully withdrawn.

		f. Take care not to damage pipe or to remove pipe too fast.

		g. Continue the pumping operation in continuous operation when started.

		h. Install a sufficient amount of coke breeze to cover the top anode as shown on the Drawings.

		i. Conduct resistance measurements between the appropriate grounded structure or pipeline and each individual anode lead as coke breeze is pumped into the drilled hole.

		j. Start individual anode resistance measurements with the bottom anode first.

		k. When the resistance measurement indicates that the coke breeze level has covered the first anode, connect the test leads to the next higher anode lead wire and repeat the resistance measurement.

		l. Conduct resistance testing consecutively for each anode as the coke breeze is installed.

		m. Utilize resistance measurements to monitor the coke breeze level in the drilled hole and detect any possible coke breeze bridging problems during the pumping process.

		n. After the coke breeze has been placed and settled and the anodes have become substantially set, measure the electrical resistance of the individual anodes again to verify that no bridging occurred.

		o. Do not move the anode by pulling up on lead wire.

		p. Measure, record, and submit initial and final individual anode resistance-to-earth for each drilled location.

		q. Take care to not damage the anode assembly and to avoid plugging the vent pipe, bridging of coke breeze, collapsing of the hole, and over-filling or under-filling the hole.

		r. If the hole collapses, coke breeze bridges, vent pipe plugs, anode assembly is damaged, or the hole is under-filled or over-filled, take the necessary steps to resolve and correct the problem at the CONTRACTOR’s expense.

		s. After the coke breeze is installed and has settled for a minimum of one day and anodes are set, measure the depth to the top of coke breeze column to ensure coke breeze is at the elevation shown on the Drawings to maintain sufficient cover for anod...

		t. If the hole is over-filled by more than 15 feet, remove coke breeze to provide the elevation shown on the Drawings.

		u. If the hole is under-filled by more than 5 feet, add additional coke breeze to the elevation shown on the Drawings by hand shoveling a saturated mixture of coke breeze and water to bring the coke breeze level up to the depth shown on the Drawings.

		v. Upon acceptance of the coke breeze installation, either add 1 1/2 inches of washed gravel, if allowed by local authorities, or drill cuttings, bentonite clay, or cement to fill the hole to depth shown on the Drawings to seal the deep anode hole as ...



		15. Placement of seal:

		a. The ENGINEER will measure the elevation of the gravel.

		b. Upon acceptance of washed gravel or top coke breeze elevation, place sealing material from the top of the gravel backfill or coke breeze to a point 12 inches below the finished elevation of well seal or hole termination depth shown on the Drawings ...

		c. The method of seal placement shall force the sealing material from the bottom of the space to be sealed to the surface.

		d. Place sealing material in a manner that ensures the entire filling of the space in one continuous operation.

		e. Complete vent pipe and lead wire termination prior to the placement of the seal inside the casing.

		f. Conduit and vent pipe penetrations through the seal are allowed if rubber packing is used to seal the annular space watertight.



		16. Vent pipe:

		a. Seal the bottom of the vent pipe with a plastic end cap or plug.

		b. Drilled vent pipe holes:

		1) Diameter:  3/8-inch.

		2) Holes to penetrate pipe at 4 quadrants around the circumference at each drilled location and space equally at 4 inches apart throughout each perforated 2 foot section.



		c. Wrap in geotextile fabric sock to prevent intrusion of fine-grained coke breeze into vent pipe:

		1) Nilex filter sock.

		2) Non-deteriorating geotextile material of sufficient durability and attachment to the pipe to resist tearing and damage during installation.

		3) Thread above the grade end of the steel vent pipe, 3 inches to 6 inches, and install threaded screened bushing, drilled plastic, or steel and cap to prevent entry into or blockage of the vent pipe by foreign objects or insects.



		d. Slotted vent pipe:

		1) Vertical slits approximately 0.006 inch wide and 1 1/2 inches long cut in a parallel pattern to longitudinal centerline of the plastic pipe.

		2) Slot spacing:  One inch from the preceding slit at approximately 6 inch centerline separation distance.



		e. Extended from the bottom to the top of the drilled hole.

		f. Perforated in a continuous manner such that perforated sections are adjacent to anodes for the entire active anode column length upon installation.

		g. Terminate at the top of the anode hole or at the rectifier pole as shown on the Drawings.

		h. Above grade portion of the one-inch vent pipe:  Steel surface vent pipe as specified in this Section.

		i. Connect steel vent pipe to the plastic downhole vent pipe with the appropriate plastic-to-steel coupling.

		j. Terminate a minimum of 24 inches above grade and 12 inches above the known floodplain elevation.

		k. Install a 180 degree gooseneck on the steel vent pipe and a cap with pre-drilled end cap or a screened bushing.

		l. Place the well cap in the casing and tighten bolts to torque in accordance with the Manufacturer’s instructions.



		17. Anode terminal box:  Installed in the ICCP building at the top of the deep anode groundbed as shown on the Drawings.

		18. Anode lead wire termination:

		a. Terminated in anode terminal box as shown on the Drawings.

		b. Connect rectifier positive wire and anode lead wires with appropriate shunts and copper bus bars.

		c. For deep anode groundbeds, cut a smooth round hole in the side of the surface casing for routing of the anode lead wires as shown on the Drawings.

		d. Grind or file edges smooth.

		e. Provide and install a suitable type and size of rubber or plastic grommet fitting at the casing wall to protect anode lead wires from damage.

		f. Label wires in the boxes with permanent non-ferrous tags identifying the anode number and the rectifier lead.

		g. Connect numbered anode leads in consecutive order to the anode terminal starting with the bottom anode as Number 1 at the top left hand junction box terminal.





		C. Test Station:  Install the rectifier location as specified in SECTION 26 42 00.

		D. Conduits and Junction Boxes:

		1. Wires installed above grade:

		a. Install wires in PVC-coated RGS conduit and fittings.

		b. Secure wires with double hole conduit straps with wood screws on wood bolts and expansion shields on concrete or brick, toggle bolts on hollow masonry units, and machine screws or welded and threaded studs on steelwork.



		2. Wires installed below grade:  Install wires in PVC-coated RGS conduit and fittings.

		3. Mount boxes and exposed conduit plumb and level.

		4. Install in a secure, substantial manner by attachment to the appropriate wood post, channel, service pole, building structure, or structural member.

		5. Threaded studs driven in by powder charge and provided with split washers and nuts are acceptable. Use expansion shields.

		6. Secure conduits entering cabinets, junction, or terminal boxes with double galvanized locknuts, one on the inside and one on the outside of the box and with bushings.

		7. In outdoor, underground, or buried locations, use watertight couplings, and connections.

		8. Open no more knockouts in the box than required.

		9. Seal unused openings.

		10. Install to prevent water from entering the conduit or the box.

		11. Install insulated bushings and insulating throat connectors on the ends of PVC-coated RGS that terminate in test stations, junction or terminal boxes, and rectifier cabinets.

		12. Make PVC-coated RGS watertight and free of obstructions.

		13. Ream PVC-coated RGS, remove burrs, degrease and paint threads, and clean the conduit interior before introducing cables or pull wires.

		14. Use elbows for bends 30 degrees or larger.

		15. Solvent weld plastic conduit joints with solvent recommended by the conduit Manufacturer.

		16. Follow the Manufacturer’s instructions and provide watertight joints.

		17. Use acceptable plastic terminal adapters and female adapters when joining plastic conduit to metallic fittings or conduit.



		E. Buried Conductors:

		1. Install test leads and rectifier leads from the negative rectifier terminal to the pipeline; attach by exothermic weld method to pipe.

		2. Install rectifier leads from the positive rectifier terminal to the anode junction box as shown on the Drawings.

		3. Apply red electrical tape to the positive lead wire a maximum of 3 inches from the positive rectifier connection for identification purposes.

		4. Bury cathodic protection cables and wires a minimum of 36 inches below finished grade.

		5. Only splices shown on the Drawings or approved by the ENGINEER are permitted on rectifier leads and anode header wires.

		6. Insulation on wires shall be free of cut or abraded areas.

		7. Avoid damage to existing structures, pipelines, and utilities during the trenching process.

		8. Cathodic protection cable trenches:

		a. Locate and route as shown on the Drawings.

		b. Modify location to minimize possible damage to existing structures; obtain approval for modification.

		c. Uniform depth and width, level, smooth, and free of any sharp objects.

		d. Hand trenching may be required in some areas to avoid damage to existing structures.



		9. Warning tape:

		a. Bury approximately 12 inches above underground cathodic protection cable.

		b. Align parallel to and within 2 inches of centerline of conduit or cable run.





		F. Conductors in Boxes:

		1. Do not damage wire, insulation, or conduit during the installation process.

		2. Route and maintain sufficient slack in cables and wires to prevent the conductor from being unduly stressed, damaged, or broken during installation or backfill operations.

		3. Do not exceed the cable Manufacturer’s recommendations for maximum pulling tensions and minimum bending radii.

		4. Where a pulling compound is used, use only a UL listed compound compatible with cable outer insulation and the conduit type involved.

		5. Wires:

		a. Installed in continuous length, free of splices, except those approved by ENGINEER.

		b. Insulation:  Free of cut, damaged, or abraded areas.

		c. If field conditions dictate that a splice is required or wire is damaged, repair splices or damage to wire insulation at the discretion of the ENGINEER.  Use a waterproof splice kit for splices.

		d. Replace wire and insulation with damage.

		e. Splice and wire insulation repair shall be approved by the ENGINEER.



		6. Arrange wiring neatly in the rectifier, the test station, and the junction or terminal box; cut to proper length; remove surplus wire and attach the terminal or connect to the junction box or the rectifier terminal as specified.

		7. Provide cathodic protection cables, test station, and reference electrode wires with sufficient slack and looped or coiled at the pipeline and the boxes to prevent wire from being unduly stressed or broken during backfilling operations.



		G. Exothermic Weld Wire Connections:  Use for the electrical connection of copper wire to metallic surfaces as specified in SECTION 26 42 00.

		H. Wire Connection Coating:  As specified in SECTION 26 42 00.

		I. Permanent Reference Electrode:  Install as specified in SECTION 26 42 00.



		3.3 quality control

		A. Installation is not complete until AC and DC wiring is complete and the rectifier is capable of operating at the full rated capacity.

		B. Leave AC to the rectifiers off and the rectifiers turned off during the installation of cathodic protection groundbeds.

		C. Keep AC power, entrance switches, and rectifier enclosures secured with padlocks and safely turned off until operation tests are performed in the presence of the ENGINEER.

		D. Preservation, restoration, and cleanup:

		1. Keep the site neat and orderly.

		2. Remove excess equipment and cuttings daily.

		3. Contain and remove excess materials, mud, waste, products, and tailings.

		4. Confine operations to construction easements and Work areas.

		5. Restore the Work site to a condition equivalent to the condition to the satisfaction of the ENGINEER.

		6. Prevent contamination of Work area:

		a. Do not dump or spill oil, fuel, solvents, coatings, rubbish, or similar materials on the ground or in or near streams or wetland areas.

		b. Prevent stream or groundwater contamination.

		c. Provide containment for and remove excess materials, drilling mud, and waste products from the site as necessary to meet the local road and highway requirements and the permit and easement conditions.

		d. Contain and cleanup contamination to any aquifer, stream, or soil at the CONTRACTOR’s expense.



		7. Upon the Substantial Completion date, remove materials, scraps, and debris from the premises and from the interior and exterior of devices and equipment.

		8. Touch up scratches, scrapes, and chips in the interior and exterior surfaces of devices and equipment with finishes matching as nearly as possible the type, color, consistency, and type of surface of the original finish.

		9. If extensive damage to equipment paint surfaces occurs, completely refinish to equal or better than factory finish.

		10. Correct damage to existing structures or utilities at the CONTRACTOR’s expense.

		11. Repair damage to concrete and asphalt sidewalks, curbs, roads, and driveways.

		12. If subsequent trench or undercrossing settlement, cracking, subsidence, or other indication of failure occurs within the warranty period, promptly repair or replace at the CONTRACTOR’s expense.



		E. Testing:

		1. Impressed current anode:  An anode will be selected at random for the CONTRACTOR to conduct, at the CONTRACTOR’s expense, an independent laboratory analysis to determine if the material meets specification requirements.

		2. The CONTRACTOR shall be present during testing.

		3. ICCP:

		a. When construction is complete, notify the ENGINEER in writing a minimum of 3 days prior to when the installation is ready to be turned on.

		b. Testing shall be performed by the CONTRACTOR’s Senior Corrosion Technologist or representative.

		c. Notify the ENGINEER in writing a minimum of 2 days prior to testing.

		d. Energize installation.

		e. Conduct an operating test to demonstrate that equipment and material are installed correctly and operating properly for initial approval by the ENGINEER.

		f. Functional testing:

		1) Demonstrate operation of the rectifier from 0% to 100% of the rated capacity.

		2) Test across terminal and junction box shunts to confirm all portions of groundbed are functioning correctly.

		3) Test the system resistance.

		4) Test the resistance of the earth of the deep anode system.

		5) Test the resistance to earth of the structure.

		6) Test the current output of each anode.

		7) Test the resistance between anodes.



		g. Final testing/commissioning:  Make adjustments in the output of the system and conduct sufficient testing throughout the network of protected structures and piping to ensure proper installation.

		h. Locate, correct, and retest system defects or incomplete Work identified during functional and final testing/commissioning or warranty inspections at no additional cost to the OWNER.











		26 42 13.02 - Abandonment of Impressed Current Cathodic Protection

		PART 1 GENERAL

		1.1 summary

		A. Section includes general information, products, and execution for the abandonment of impressed current cathodic protection for buried and submerged piping, structures, and appurtenances.

		B. Related Sections:

		1. SECTION 26 42 13.01 – IMPRESSED CURRENT CATHODIC PROTECTION FOR BURIED AND SUBMERGED PIPING, STRUCTURES, AND APPURTENANCES





		1.2 DEFINITIONs

		A. As specified in SECTION 26 42 00.



		1.3 submittals

		A. Product Data:  As specified in SECTION 26 42 00.

		B. Well Abandonment Report.

		C. Warranty Documentation:

		1. Sample warranty.

		2. Warranty.





		1.4 quality assurance

		A. Field Supervision:  As specified in SECTION 26 42 13.01.



		1.5 warranty

		A. Warranty for one year from the Substantial Completion date for the satisfactory performance of the abandonment and associated appurtenances.





		PART 2 PRODUCTS

		2.1 approved manufacturers

		A. Bentonite Sealer:

		1. Cathodic Engineering Equipment, Co., Inc., PermaPlug.

		2. Mesa, Enviroplug





		2.2 materials

		A. Groundbed Backfill:  Provide sufficient backfill to completely fill the casing to the required depth.

		B. Hardware:  Remove and dispose of washers, terminal nuts, and studs.

		C. Sealing Material:  As specified in SECTION 26 42 13.01.





		PART 3 EXECUTION

		3.1 General

		A. Notify the ENGINEER in writing 2 days prior to beginning Work to verify the existing rectifier is off.

		B. Do not perform exothermic welding or utilize open flame or torches in areas of flammable vapors or airborne particles where a fire or explosion could result.

		C. Install and work around above grade and buried AC power lines and oil and gas pipelines with extreme care; follow the minimum separation distances in accordance with other utility requirements and regulations.

		D. Do not work next to power lines during times of high lightning activity.



		3.2 installation

		A. Abandonment of Deep Anode Groundbed:

		1. Remove and dispose of building materials, rectifier, junction box, and conductors as shown on the Drawings.

		2. Ensure the ENGINEER observes the process.

		3. Seal as specified herein or as required by local authority drilling regulations; the most stringent requirements apply.

		4. Avoid contamination of the aquifer with contaminated water, gasoline, drilling fluids and additives, or other deleterious substances during construction through opening or by seepage through the ground surface.

		5. Take precautions to avoid the entrance of foreign matter into the hole, the movement of soil strata, and the collapsing of the hole during progress of the Work.

		a. Sealing:

		1) Seal annular space around the surface casing and soil in accordance with state requirements and local well drilling regulations.

		2) Allow sealing material to reach initial set before continuing additional Work on the drilled hole that may disturb the seal.

		3) Seal the hole to prevent the downhole movement of surface water and intermixing of different aquifers.

		4) Where separate aquifers are encountered, install a bentonite seal between the aquifers.

		5) Bentonite seal thickness shall be a minimum of 3 feet.



		b. Contain and dispose of drilling mud and cuttings in a legal manner.



		6. Placement of seal:

		a. The uppermost 5 feet of casing shall be filled with grout or a permanent watertight cover.

		b. Place sealing material from the top of the gravel backfill or the coke breeze to a point 12 inches below the finished elevation of the well seal or the hole termination depth shown on the Drawings or as required by local authority well drilling reg...

		c. The method of seal placement will force sealing material from the bottom of the space to be sealed to the surface.

		d. Place sealing material in a manner that ensures the entire filling of space in one continuous operation.





		B. Conduits and Junction Boxes:

		1. Wires installed above grade:  Cut below grade and remove.

		2. Wires installed below grade:  Cut and remove.

		3. Remove mounted boxes and exposed conduit.





		3.3 quality control

		A. Leave AC to rectifiers off and rectifiers turned off during any Work performed on cathodic protection groundbeds.

		B. Keep AC power, entrance switches, and rectifier enclosures secured with padlocks and safely turned off until operation tests are performed in the presence of the ENGINEER.

		C. Preservation, restoration, and cleanup:  As specified in SECTION 26 42 13.01.







		26 42 16 - Flange Electrical Isolation and Joint Continuity Bonding for Cathodically Protected Metallic Piping Systems

		PART 1 GENERAL

		1.1 summary

		A. Section includes general information, products, and execution for flange electrical isolation and joint continuity bonding for cathodically protected metallic piping systems and BSTCs.

		B. Related Sections:

		1. SECTION 09 97 13.04 – WAX TAPE COATINGS FOR THE EXTERIOR OF METALLIC PIPING SYSTEMS

		2. SECTION 26 05 19 – LOW-VOLTAGE CONDUCTORS

		3. SECTION 26 42 00 – COMMON WORK RESULTS FOR CATHODIC PROTECTION

		4. SECTION 33 11 01 – PIPING – GENERAL

		5. SECTION 33 11 01.01 – STEEL PIPING





		1.2 REFERENCES

		A. American Water Works Association (AWWA):

		1. C 219 – Bolted, Sleeve-Type Couplings for Plain-End Pipe



		B. ASTM International (ASTM):

		1. D 1248 – Standard Specification for Polyethylene Plastics Extrusion Materials for Wire and Cable

		2. F 436 – Standard Specification for Hardened Steel Washers



		C. Denver Water (DW):

		1. Engineering Standards, MS-30 – Bolted Sleeve-Type Couplings



		D. National Association of Corrosion Engineers (NACE):

		1. SP0169 – Standard Practice, Control of External Corrosion on Underground or Submerged Metallic Piping Systems

		2. SP0286 – Standard Practice, Electrical Isolation of Cathodically Protected Pipelines



		E. Underwriters Laboratory (UL):

		1. UL 83 – Specification for Thermoplastic-Insulated Wires and Cables





		1.3 SUBMITTALS

		A. Product Data:  As specified in SECTION 26 42 00.

		B. Shop Drawings:  As specified in SECTION 26 42 00.

		C. Quality Control Submittals:

		1. Senior Corrosion Technologist qualifications:  As specified in SECTION 26 42 00.



		D. Warranty Documentation:

		1. Sample warranty.

		2. Warranty.



		E. Testing Data:  As specified in SECTION 26 42 00.

		F. The following supplement can be found online in DW’s CPPM: http://www.denverwater.org/DoingBusinesswith Us/EngineeringOverview/CapitalProjectsProceduresManual/:

		1. Contractor Corrosion Prevention Project Progress Checklist.





		1.4 QUALITY ASSURANCE

		A. Senior Corrosion Technologist:  As specified in SECTION 26 42 00.

		B. Provide the Manufacturer’s certification that materials components meet the requirements of the Contract Documents; include references for the applicable Sections and standard details.

		C. Provide the Manufacturer’s stamp on materials components.

		D. Materials, fabrication, and installation are subject to inspection and testing by the ENGINEER.



		1.5 Warranty

		A. Warranty for one year from the Substantial Completion date for the satisfactory performance and installation of the flange electrical isolation and joint continuity bonding for cathodically protected metallic piping systems and associated appurtena...





		PART 2 PRODUCTS

		2.1 approved manufacturers

		A. Insulating Flange Gasket:

		1. Durlon 8600

		2. Garlock 3200

		3. KlingerSil C-4324

		4. KlingerSil C-6400

		5. Leader 940



		B. BSTC:  In accordance with DW Engineering Standard MS-30

		C. Valve Stem Insulation:

		1. Lovejoy Spider





		2.2 materialS

		A. Provide Flange Isolation Sets:

		1. As specified in SECTION 33 11 01.01.

		2. Provide where shown on the Drawings.

		3. Include slip-on insulating gasket, insulating sleeves, insulating washers or combination sleeve and washers, and steel washers.

		4. Insulating flange gasket:

		a. Non-asbestos, full face, 1/8-inch thick and unsegmented.

		b. Arimid fiber with SBR binder.

		c. Weld-neck insulating gaskets shall not be used without the ENGINEER’s approval.



		5. Insulating sleeves and washers for stud diameters 1 1/2-inch or smaller:

		a. One-piece, 1/32-inch thick.

		b. Material:  High-density PE, acetyl resin, G10, or minlon.

		c. Sleeve lengths:  One flange thickness plus one gasket thicknesses.

		d. Flange bolt holes:  1/4 inch oversized.



		6. Insulating sleeves and washers for stud diameters larger than 1 1/2-inch:

		a. Two-piece, 1/32-inch thick.

		b. Material:  High-density PE, acetyl resin, G10, or minlon.

		c. Insulating washer:  1/8-inch thick phenolic material.

		d. Sleeve lengths:  One flange thickness plus 2 gasket thicknesses.

		e. Flange bolt holes: 1/4-inch oversized.



		7. Steel washers:  Hardened steel in accordance with ASTM F 436.



		B. BSTC:  Manufactured in accordance with AWWA C 219 and as specified in SECTION 33 11 01.

		C. Valve Stem Insulation:

		1. Finger coupler.

		2. Material:  SOX, NBR, Rubber, Nitrile Butadlene, Buna-N Rubber.



		D. Joint Continuity Bonding:

		1. As specified in SECTION 26 05 19.

		2. Provide #2 AWG, #4 AWG, or #8 AWG wires on push-on, mechanical, or uninsulated flanged joints; welded steel pipe does not require bond wire.

		3. Type:  AWG solid or stranded copper wire rated at 600 V, bare or with Kynar and HMWPE insulation suitable for direct burial in corrosive soil or water in accordance with UL 83 and ASTM D 1248, Type 1, Class C.

		4. Wire size and number of wires required:

		5. Wire insulation:  As determined by the ENGINEER and shown on the Drawings.

		6. Length:  Sufficient to accommodate pipe or joint movement without damage to wire or exothermic weld; one inch minimum slack on each side or 2 inches total.

		7. Provide with formed copper sleeves at each end of the wire.

		8. The wire conductor for field-applied sleeves shall extend a 1/4 inch beyond the end of the copper sleeve.

		9. Angle the end of factory-formed sleeves to allow the end of the wire to be exposed to the exothermic weld material.







		Wire Size (AWG)

		No. of Wires per Joint

		Pipe Size

		1

		#8

		12-inch and smaller

		2

		#4

		14-inch to 36-inch

		3

		#2

		40-inch and larger

		PART 3 EXECUTION

		3.1 Installation

		A. Insulated Flange Gasket Sets:

		1. Install as shown on the Drawings, in accordance with the Manufacturer’s instructions, and in accordance with NACE SP0286.

		2. Clean flange surfaces and holes of dirt, grease, oil, and contamination.

		3. Examine flange and bolt hole surfaces for burrs, sharp edges, or spurs.

		4. Remove irregularities.

		5. Align flanges concentric and parallel.

		6. Line up bolt holes with non-tapering drift pins at a minimum of 3 locations with 120 degrees of separation to prevent damage to insulating sleeves.

		7. Protect the gasket from damage.

		8. Do not use grease, lubricant, or adhesives on flange faces or on the gasket.

		9. Measure and adjust the sleeve length as specified in this Section.

		10. Insert sleeves over studs and place a metal washer over the end.  Line up holes in the flange and install a stud with the sleeve into place.

		11. Do not force the stud insulating sleeve into the flange.

		12. Check alignment and readjust as required.

		13. Replace damaged insulating sleeve.

		14. Place a metal washer on the end of the insulating sleeve and secure with a nut.

		15. Tighten studs a few turns at a time, in sequence, and use the sequence in accordance with the Contract Documents until the studs are uniformly tightened and both flanges are in uniform contact with the gasket.

		16. Repeat the tightening sequence with a torque wrench at the Manufacturer’s recommended torque value.

		17. Install bond station as shown on the Drawings as specified in SECTION 26 42 00.

		18. Test the flange to ensure the insulator is functioning properly prior to backfilling.

		19. The Senior Corrosion Technologist shall test the joint to assure proper functionality of insulator and bond site.

		20. Contact the ENGINEER a minimum of 2 days prior to testing.

		21. The ENGINEER will observe or assist with testing.  Record test results with a narrative.

		22. For failed insulated flanged joints:

		a. Disassemble joint.

		b. Replace malfunctioning insulation materials.

		c. Reassemble joint using new studs.

		d. Retest joint as specified in this Section.

		e. Contact ENGINEER in accordance with this Section.



		23. Install wax tape as specified in SECTION 09 97 13.04 on flanges and bolts.



		B. BSTC:

		1. Install in accordance with NACE SP0286 and as specified in SECTION 33 11 01.

		2. Coat with wax tape as specified in SECTION 09 97 13.04.



		C. Valve Stem Insulation:  Install in accordance with the Manufacturer’s recommendations.

		D. Joint Continuity Bonding:

		1. Bond non-insulated, push-on, and flexible coupled joints to provide electrical continuity across joints.

		2. Electrical bonding shall be in accordance with NACE SP0169.

		3. The size and number of wires needed per joint shall be in accordance with this Section.

		4. Prepare metallic surfaces and attach electrical bonding wires to metallic surfaces with exothermic welds as specified in SECTION 26 42 00.

		5. Repair coating lining damage.

		6. Push-on joints:

		a. Cut wire to proper length.

		b. Strip one inch of insulation from each end of the wire.

		c. Attach copper sleeves to the bare ends of the wire.

		d. Exothermic weld one end of the wire to the bell of the joint and the other end of the wire to the spigot of the joint.

		e. Visually and physically test the quality of connections by tapping with a hammer and lightly pulling on the wire.

		f. Remove and replace visually defective, porous, or inadequate exothermic welds.



		7. Flanged joints:

		a. Cut wire to the proper length.

		b. Strip one inch of insulation from each end of the wire.

		c. Attach copper sleeves to the bare ends of the wire.

		d. Exothermic weld one end of the wire to one flange and the other end of the wire to the opposite flange.

		e. Test the wires as described herein.



		8. BSTC:

		a. Cut wire to the proper length.

		b. Strip one inch of insulation from the ends of the wires.

		c. Attach copper sleeves to the bare ends of the wires.

		d. Exothermic weld one end of Wire 1 to the pipe and the other end of Wire 1 to the barrel of the coupling.

		e. Exothermic weld one end of Wire 2 to the barrel of the coupling and the other end of Wire 2 to the opposite side of the pipe.

		f. Exothermic weld one end of Wire 3 to the pipe and the other end of Wire 3 to one follower ring.

		g. Exothermic weld one end of Wire 4 to the opposite follower ring and the other end of Wire 4 to the corresponding side of the pipe.

		h. Test the wires as described herein.

		i. For insulated coupling, omit steps e and g.





		E. Backfilling – Bond Wires:

		1. Protect joint continuity bond wires to prevent damage to wire or insulation during backfilling.

		2. Perform continuity testing by means of a pipe locator at intervals determined by the ENGINEER prior to the Final Completion date.  Record test results.

		3. Replace joint continuity bond wires found to be damaged or to have a high resistance connection at no additional expense to OWNER.

		4. GPS locations:  As specified in SECTION 26 42 00.





		3.2 quality control

		A. Intermittent and Final Testing:  As specified in SECTION 26 42 00.







		26 42 19 - Passive Cathodic Protection For Buried and Submerged Piping, Structures, and Appurtenances

		PART 1 GENERAL

		1.1 summary

		A. Section includes general information, products, and execution for passive cathodic protection for buried and submerged piping, structures, and appurtenances.

		B. Related Sections:

		1. SECTION 26 42 00 – COMMON WORK RESULTS FOR CATHODIC PROTECTION

		2. SECTION 26 42 13.01 – IMPRESSED CURRENT CATHODIC PROTECTION FOR BURIED AND SUBMERGED PIPING, STRUCTURES, AND APPURTENANCES





		1.2 REFERENCES

		A. ASTM International (ASTM):

		1. B 418 – Standard Specification for Cast and Wrought Galvanic Zinc Anodes

		2. B 843 – Standard Specification for Magnesium Alloy Anodes for Cathodic Protection



		B. Underwriters Laboratory (UL):

		1. UL 83 – Specification for Thermoplastic-Insulated Wires and Cables





		1.3 SUBMITTALS

		A. Product Data:  As specified in SECTION 26 42 00.

		B. Shop Drawings:  As specified in SECTION 26 42 00.

		C. Quality Control Submittals:

		1. As-Built Drawings of anodes showing the exact locations of wiring, connections, and terminal boxes.

		2. Senior Corrosion Technologist qualifications:  As specified in SECTION 26 42 00.

		3. Testing data:  As specified in SECTION 26 42 00.



		D. Warranty Documentation:

		1. Sample warranty.

		2. Warranty.



		E. The following supplement can be found online in DW’s CPPM: http://www.denverwater.org/DoingBusinesswith Us/EngineeringOverview/CapitalProjectsProceduresManual/:

		1. Contractor Corrosion Prevention Project Progress Checklist.





		1.4 QUALITY ASSURANCE

		A. Senior Corrosion Technologist:  As specified in SECTION 26 42 00.

		B. Provide the Manufacturer’s certification that anode components meet the requirements of the Contract Documents, include references for the applicable Sections and standard details.

		C. Anode Locations:

		1. Locations shown on the Drawings are approximate.

		2. Determine the exact location by field conditions, non-interference with other utilities, or mechanical and structural features.

		3. Note existing utilities in the area and avoid damage to these utilities.

		4. Repair damages to utilities to the satisfaction of the ENGINEER and other utility representatives at the CONTRACTOR’s expense.



		D. Materials, fabrication, and installation are subject to inspection and testing by the ENGINEER.



		1.5 warranty

		A. Warranty for one year from the Substantial Completion date for the satisfactory performance and installation of the passive cathodic protection for buried and submerged piping, structures, and associated appurtenances.





		PART 2 PRODUCTS

		2.1 approved manufacturers

		A. Magnesium Anodes:

		1. Farwest Corrosion Control, Ultramag High Potential



		B. Magnesium Condenser Anodes:

		1. Farwest Corrosion Control, Winca



		C. Zinc Anodes:

		1. Farwest Corrosion Control



		D. Welding Rods:

		1. Fleetwood P-5E6010 or P-5plus E6010





		2.2 Materials

		A. Magnesium Anodes:

		1. Standard high potential ingots, prepackaged in permeable cloth bags with a backfill composition of 75% hydrated gypsum, 20% powered bentonite, and 5% anhydrous sodium sulfate completely surrounding the ingot.

		2. Metallurgic composition of the magnesium ingots in accordance with ASTM B 843, Grade M1C as listed below:

		3. Bare magnesium ingot, backfill, and total weights shall conform to:

		4. Anode steel core:  Cast with a galvanized steel recess at one end for the lead wire connection.

		5. Anode lead wire:

		a. #12 AWG solid copper wire with THW, THWN, or THHN insulation in accordance with UL 83.

		b. Connect to core with silver solder.

		c. Insulate connection by filling the remainder of the recess with electrical potting compound.

		d. Length shall be sufficient to extend from the anode to the designated termination point without a splice, minimum 50 sf.

		e. Replace wires with cut or damaged insulation at the CONTRACTOR’s expense.

		f. Long enough to reach to the test station terminal box or to the pipeline or structure for attachment using the exothermic weld method, as specified in SECTION 26 42 00, without a splice.





		B. Magnesium Condenser Anodes:

		1. Bare standard potential round magnesium ingots cast around 3/4-inch steel pipe core with 1/2-inch diameter – 13NC by one inch deep drilled and tapped center hole.

		2. Diameter, 5-inches; 2-inch thickness.

		3. Weight:  2.5 pounds.

		4. Anodes with any coating such as plastisol are not acceptable.

		5. Metallurgic composition of the magnesium ingots shall be in accordance with ASTM B 843, Grade AZ63B as listed below:



		C. Zinc Anodes:

		1. High purity zinc ingots prepackaged in permeable cloth bags with backfill composition of 75% hydrated gypsum, 20% powered bentonite, and 5% anhydrous sodium sulfate completely surrounding the ingot.

		2. Metallurgic composition of zinc ingots shall be in accordance with ASTM B 418, Type II as listed below:

		3. Bare zinc ingots, backfill, and total weights shall conform to:

		4. Anode steel core:  Full length galvanized 1/4-inch diameter steel core, exposed at one end for connection to the lead wire.

		5. Anode lead wire:  As specified in this Section.







		PART 3 eXECUTION

		3.1 INSTALLation

		A. Prepackaged Magnesium Anodes and Zinc Anodes:

		1. Remove plastic or paper shipping wrap from the anode prior to placement.

		2. Install horizontally or vertically at the bottom of the hole or trench:

		a. A minimum of 5 inches larger than the prepackaged anode diameter.

		b. In the area from the springline to the bottom and a minimum of 5 feet away from the pipeline or structure.

		c. Lower each anode into the hole or trench using a rope or sling.

		d. Do not lower, transport, handle, or lift the anode by the lead wire.

		e. Center each anode in the cloth bag.

		f. Take care to ensure the cloth bag is not damaged and no backfill is lost during installation.



		3. Backfilling:  As specified in SECTION 26 42 13.01.

		4. Prior to connecting the anode to the pipe, record native pipe to soil potential.



		B. Magnesium Condenser Anodes:

		1. Anode attachment:

		a. Use a standard threaded 2 1/2-inch by 1/2-inch steel bolt or stud welded to the metallic surface.

		b. Ensure surfaces are clean and dry.

		c. Use a grinding wheel to remove coating, mill scale, oxide, grease, and dirt from a 2-inch by 2-inch area.

		d. Obtain approval for the chemicals for use in surface preparation.

		e. Grind the surface to bright metal.

		f. Weld the bolt or stud to the surface using a welding rod; make sure the entire base of the bolt or stud is welded.

		g. After welding is complete, remove slag with a slag hammer.

		h. Tap on the bolt or stud with a rubber mallet to ensure the weld is stable and secure.

		i. Screw the anode to the bolt or stud by turning the anode in a clockwise direction.





		C. GPS Locations:  As specified in SECTION 26 42 00.

		D. Post Installation Backfilling of Anode – Lead Wires:  Replace anode lead wires that are damaged during backfill or that have a high resistance connection to substrate.



		3.2 quality control

		A. Intermittent and Final Testing:  As specified in SECTION 26 42 00.







		26 43 00 - Transient Voltage Surge Supressors

		PART 1 GENERAL

		1.1 summary

		A. Section includes general information, products, and execution for TVSS.

		B. Related Sections:

		1. SECTION 26 00 10 – COMMON WORK RESULTS FOR ELECTRICAL





		1.2 REFERENCES

		A. American National Standards Institute/Institute of Electrical and Electronics Engineers (ANSI/IEEE):

		1. C62.11 – Standard for Metal-Oxide Surge Arresters for AC Power Circuits (>1 kV)

		2. C62.33 – Standard Test Specifications for Varistor Surge-Protective Devices

		3. C62.41 – Recommended Practice for Surge Voltages in Low-Voltage AC Power Circuits

		4. C62.45 – Recommended Practice on Surge Testing for Equipment Connected to Low-Voltage (1000 V and Less) AC Power Circuits



		B. Underwriters Laboratories, Inc. (UL):

		1. 497A – Standard for Secondary Protectors for Communications Circuits

		2. 1283 – Standard for Electromagnetic Interference Filters

		3. 1449 – Standard for Surge Protective Devices





		1.3 DEFINITIONS

		A. As specified in SECTION 26 00 10.



		1.4 Submittals

		A. Product Data:  Each suppressor type indicating component values, part numbers, and conductor sizes; include a dimensional drawing for each, showing mounting arrangements.

		B. Shop Drawings:

		1. Itemized Bill of Material including the Manufacturer, the complete model number, and the options included.

		2. Descriptive information.

		3. Catalog data sheets – components, electrical devices, and mechanical devices:

		a. Catalog information.

		b. Descriptive literature.

		c. External power and signal connections.

		d. Scaled drawings showing exterior dimensions and locations of electrical and mechanical interfaces.



		4. Manufacturer's UL certified test data and nameplate data for each TVSS.

		5. Electrical single-line diagram showing the location of each TVSS.

		6. Dimensional drawings.

		7. Anchoring instructions and details.

		8. Schematic, elementary, diagrams.

		9. Outline diagrams.

		10. Interconnection diagrams.

		11. Include installation modifications or further details required.



		C. Quality Control Submittals:

		1. Testing related submittals.

		2. O&M manuals:

		a. Shop Drawing submittal information.

		b. Final As-Built Drawings and wiring diagrams.

		c. Factory and field certified test reports.

		d. Device O&M manuals for components, electrical devices, and mechanical devices shall include:

		1) Operations procedures.

		2) Installation requirements and procedures.

		3) Maintenance requirements and procedures.

		4) Troubleshooting procedures.

		5) Internal schematic and wiring diagrams.



		e. List of spares and expendables required.





		D. Warranty Documentation:

		1. Sample warranty.

		2. Warranty.



		E. Spare Parts:

		1. Furnish, box, tag, and clearly mark on the exterior; identify each item with Manufacturer’s name, description, and part number for shipment and long-term storage and deliver 14 days prior to the Substantial Completion date the following extra mater...

		a. Fuses:  A minimum of 10 of each type and current rating installed.

		b. Provide the following spare TVSS components:

		1) Suppression modules of each type and size: 6, minimum.

		2) Light lamps of each color installed: 10 indicators.









		1.5 QUALITY ASSURANCE

		A. Equipment Manufacturer Qualifications:  A minimum of 10 years of documented experience in the Work of this Section.

		B. UL Compliance and Labeling:  Materials manufactured within the scope of UL shall conform to UL Standards and have an applied UL listing mark.

		1. For power and signal circuits, TVSS devices in accordance with UL 1449 and UL 1283 as an EMI filter.  Provide units listed and labeled by UL.

		2. For telephone circuit protection, TVSS devices in accordance with UL 497A.



		C. Installation shall be supervised and tested by the Manufacturer of the system equipment.  The supervisory and testing Work shall be performed by skilled technicians under the direction of experienced engineers, all of whom shall be properly trained...

		D. Use TVSS devices in accordance with ANSI/IEEE C62.41 and ANSI/IEEE C62.33.

		E. Provide a TVSS system that is suitable for application in ANSI/IEEE C62.41 Category A, B, and C3 environments as tested by ANSI/IEEE C62.11 and ANSI/IEEE C62.45.



		1.6 SITE CONDITIONS

		A. Materials and equipment shall be designed and constructed for continuous operation, at rated current and voltage, at Project elevation, 104 F ambient and 95% relative humidity.



		1.7 Warranty

		A. Warranty for one year from the Substantial Completion date for the satisfactory performance and installation of the TVSS system and associated appurtenances.





		PART 2 PRODUCTS

		2.1 approved Manufacturers

		A. National Lightning Protection Corp.



		2.2 materials

		A. TVSS Devices:

		1. TVSS devices for power circuits, provided under this Section, shall be the product of a single Manufacturer and shall be of modular construction designed for field replacement.

		2. TVSS devices shall be capable of performance at ambient temperatures between -15 F and 140 F, at relative humidity ranging from 0% to 95%, and at altitudes ranging from sea level to Project elevation.

		3. TVSS devices shall be fused to disconnect the suppressor from the electrical source should the suppressor fail.  The fusing shall allow full surge handling capabilities and afford safety protection from thermal overloads and short circuits.

		4. Design TVSS devices for the specific type and voltage of the electrical service.  Single-phase and 3-phase wye-configured systems shall have L-N, L-G, and N-G protection.  Grounded delta-configured systems shall have L-L and L-G protection.

		5. Power filter:  The TVSS shall include a high frequency extended range power filter and shall be UL 1283 listed as an EMI.  Provide minimum noise attenuation as follows:



		B. Main Distribution TVSS:

		1. Provide TVSS in accordance with ANSI/IEEE C62.41, Location Category C.

		2. Maximum single impulse current rating shall not be less than:

		a. L-L Capacity:  200 kA.

		b. L-N Capacity:  200 kA.

		c. L-G Capacity:  150 kA.

		d. N-G Capacity:  100 kA.



		3. The suppressor housing shall be in an enclosure with the same NEMA rating as the panel it protects and painted to match.

		4. UL 1449 maximum suppression voltage shall not be more than:



		C. Panelboard TVSS:

		1. Provide TVSS in accordance with ANSI/IEEE C62.41, Location Category B.

		2. Maximum single impulse current rating shall not be less than:

		a. L-L Capacity:  80 kA.

		b. L-N Capacity:  80 kA.

		c. L-G Capacity:  80 kA.

		d. N-G Capacity:  80 kA.



		3. Suppressor shall be in an enclosure with the same NEMA rating as the panel it protects or integral to a panelboard.

		4. UL 1449 maximum clamp voltage shall not be more than:



		D. Annunciation:  Provide unit or separately mounted LED type indication lights to show the normal and failed status of each module.  Provide one normally open contact and one normally closed contact that operate when the unit fails.

		E. Surge Counter:  Provide each TVSS rated above 100 kA with a counter displaying the number of voltage transients that have occurred on the unit input.  The counter shall be battery-backed and retain the count through system power outages.

		F. Paired Cable Dataline Interior Suppressors:

		1. Provide units in accordance with ANSI/IEEE C62.41, Location Category A.

		2. Use bi-polar 1,500 W silicon avalanche diodes between the protected conductor and earth ground.

		3. Provide units with a maximum single impulse current rating of 80 amperes, 10 by 1,000 microsecond--waveform.

		4. Breakdown voltage shall not exceed 36 V.



		G. Paired Cable Dataline Exterior Suppressors:

		1. Provide units in accordance with ANSI/IEEE C62.41, Location Category A.

		2. Suppressors shall be a hybrid design with a minimum of 3 stages, utilizing solid-state components and operating bi-directionally.

		3. Meet or exceed the following criteria:

		a. Maximum single impulse current rating of 10,000 amperes, 8 microsecond by 20 microsecond--waveform.

		b. Pulse life rating:  3,000 amperes, 8 by 20 microsecond--waveform:  2,000 occurrences.

		c. Maximum clamping voltage at 10,000 amperes: 8 microsecond current waveform by 20 microsecond current waveform; shall not exceed the peak of the normal applied signal voltage by 200%.









		PART 3 EXECUTION

		3.1 installation

		A. Application Requirements:

		1. As a minimum, provide and install TVSS on the following:

		a. New panelboards and motor control centers.

		b. Power and data supply to local control panels, ECPs, communications cabinets, and security control cabinets.



		2. Electronic equipment paired cable conductors:  Install dataline suppressors at the low voltage input and output of each piece of equipment, including telephone cable entrance and utility meter data pulse cabling.

		a. Use secondary protectors on lines that do not exit the structure.

		b. Use primary protectors on lines that exit and enter the structure.





		B. General Requirements:

		1. Install suppressors according to the Manufacturer's recommendations.

		2. Install suppressors directly to the cabinet that houses the circuit to be protected so that suppressor leads are straight and short, with conductors laced, running directly to the point of connection within the panel, without loops or bends.  No be...

		3. Provide at least 3 inches of separation between line-side and load-side connecting wires.  Do not bundle line-side and load-side conductors together nor run them in the same raceway.

		4. Field-installed conductors shall be the same as specified for building wire, no smaller than #8 AWG and no larger than #4 AWG.  Device leads shall not be longer than the length recommended by the Manufacturer, unless specifically reviewed and appro...

		5. Provide dedicated circuit breakers and number of poles as required as disconnecting means for TVSS devices installed in panelboards.  The interrupting capacity of the circuit breakers shall be that specified for the other breakers at that location.









		26 50 10 - Lighting

		PART 1 GENERAL

		1.1 summary

		A. Section includes general information, products, and execution for lighting.

		B. Related Sections:

		1. SECTION 26 00 10 – COMMON WORK RESULTS FOR ELECTRICAL





		1.2 REFERENCES

		A. American National Standards Institute (ANSI):

		1. C78.389 –Electric Lamps – High Intensity Discharge - Methods of Measuring Characteristics



		B. Federal Communications Commission (FCC):

		1. 47CFR – Code of Federal Regulations



		C. International Code Council (ICC):

		1. International Building Code (IBC)



		D. Underwriters Laboratories, Inc. (UL):

		1. 935 – Standard for Fluorescent-Lamp Ballasts



		E. United States Government:

		1. Energy Policy Act of 1992





		1.3 DEFINITIONs

		A. As specified in SECTION 26 00 10.



		1.4 Submittals

		A. Shop Drawings:

		1. Itemized Bill of Material.

		2. Descriptive information.

		3. Luminaires:

		a. Catalog literature for each luminaire specified, cross-referenced to the luminaire type in the Luminaire Schedule shown on the Drawings.

		b. Provide for each luminaire type:

		1) Materials.

		2) Type of diffuser.

		3) Mounting or suspension details and hardware.

		4) Gasketing.

		5) Reflector:  Lens material, pattern, and thickness.

		6) Chassis including metal gauge.

		7) Finish and color.

		8) Electronic .ies files for each luminaire.

		9) Ballast:

		a) Type.

		b) Protection.

		c) Wiring diagram.

		d) Nominal wattage, input wattage, and lamp wattage.

		e) Input voltage and power factor.

		f) Starting current, operating line current, and restrike current.

		g) Sound rating.

		h) BF.

		i) Starting temperature and temperature rating.

		j) Efficiency ratings.



		10) Lamp:

		a) Type.

		b) Wattage.

		c) Voltage.

		d) Approximate life, in hours.

		e) Lumen output:

		(1) Initial.

		(2) Mean.

		(3) CCT.

		(4) Lamp lumen depreciation.

		(5) Efficacy.

		(6) Base.





		11) Picture of luminaire.

		12) Detailed dimensioned Drawings including luminaire total weight and support method.

		13) Effective projected area for pole-mounted luminaires.

		14) Photometric data:

		a) Coefficient of utilization tables based on the IES Zonal Cavity System by an approved testing laboratory.

		b) Luminaire dirt depreciation factor.

		c) Candlepower distribution curves.

		d) Average luminaire brightness.

		e) Lumen output charts.

		f) IES file in standard .ies format.

		g) Power requirements in watts and volt-amperes.







		4. Accessories:

		a. Photocell:

		1) Photocell type.

		2) Switching capacity.

		3) Means of adjusting the lighting pickup level.

		4) Enclosure type.

		5) Mounting method.



		b. Luminaire poles:

		1) Material.

		2) Finish and color.

		3) Handholes.

		4) Anchoring.

		5) Luminaire attachment methods and fittings.

		6) Pole height.

		7) Pole dimensions.

		8) Bolthole circle layout and hardware.

		9) Accessories.

		10) Maximum total effective projected area, total weight-mounted on pole and maxium total rated pole weight.

		11) Complete design calculations and installation documents for pole mounting piers and poles mounted from structures; include in the calculations the wind and seismic requirements at the Work site.





		5. Provide lighting calculations and layouts of lighting systems including:

		a. Lighting layout of the equipment spaces and rooms with equipment, walls, and obstructions shown on the Drawings.

		b. Lighting renderings, calculations, and layouts showing equipment, obstructions, and walls.  Use surface reflectance values and luminaire light loss factors approved by the ENGINEER to perform calculations.

		c. Software generated calculations showing illuminance levels in FC and power usage in watts per sf for each of the areas.

		d. Layouts and calculations in AGI32 software; provide an electronic copy of the AGI32 software file generated for layouts and calculations.





		B. Quality Control Submittals:

		1. Testing related submittals.

		2. O&M manuals:

		a. Shop Drawing information.

		b. Complete final As-Built information including AGI32 software file showing as-installed fixture locations.

		c. Factory and field certified test reports.

		d. List of spare and expendable parts and accessories required and recommended.



		3. Others as specified in SECTION 26 00 10.



		C. Warranty Documentation:

		1. Sample warranty.

		2. Warranty.



		D. Spare Parts:  Furnish, box, tag and clearly mark on the exterior; identify each item with Manufacturer’s name, description, and part number for shipment and long-term storage and deliver 14 days prior to the Substantial Completion date the followin...

		1. Furnish 10% of the quantity provided, but not less than 5 ballasts for every ballast type and size used.

		2. Furnish 10% of the quantity provided, but not less than 5 new lamps for every lamp type and size used.





		1.5 QUALITY ASSURANCE

		A. Equipment Manufacturer Qualifications:  A minimum of 10 years of documented experience in the Work of this Section.

		B. UL Compliance:  Materials manufactured within the scope of UL shall conform to UL Standards and have an applied UL listing mark.



		1.6 SITE CONDITIONS

		A. Materials and equipment shall be designed and constructed for continuous operation, at rated current, at Project elevation, 104 F ambient and 95% relative humidity.



		1.7 Warranty

		A. Warranty for one year from the Substantial Completion date for the satisfactory performance and installation of the lighting system and associated appurtenances.

		B. Warranty for 5 years from the Substantial Completion date for the satisfactory performance and installation of the fluorescent ballast system and associated appurtenances.





		PART 2 PRODUCTS

		2.1 approved manufacturers

		A. Ballasts:

		1. Advance Transformer

		2. MagneTek Jefferson

		3. Sylvania

		4. Universal



		B. Florescent Ballasts:

		1. Advance/Philips

		2. MagneTek/Universal

		3. Motorola/Sylvania



		C. Photocell Ballasts:

		1. MagneTek Intermatic

		2. Paragon Electrical Products

		3. Tork



		D. Lamps:

		1. General Electric

		2. North American Philips

		3. Sylvania





		2.2 Materials

		A. Luminaires:

		1. Specific requirements relative to the execution of Work of this Section are located in the Luminaire Schedule shown on the Drawings.

		2. Feed-through type or separate junction box.

		3. Ballasts:  2-lamp when possible.

		4. Tandem wired for 2-lamp or 3-lamp, fluorescent fixtures.

		5. Wire leads:  Minimum #18 AWG.

		6. Component access:  Accessible and replaceable without removing the luminaire from the ceiling.

		7. Soffit installations:

		a. UL labeled:  SUITABLE FOR DAMP LOCATIONS.

		b. Ballast:  Removable, prewired.



		8. Exterior installations:

		a. UL labeled:  SUITABLE FOR WET LOCATIONS.

		b. Ballast:  Removable, prewired.

		c. Luminaires in combination with their mounting pole and bracket shall be capable of withstanding:

		1) Wind levels at the Work site without damage.

		2) Seismic levels at the Work site in accordance with ICC IBC.



		d. Corrosion-resistant hardware and hinged doors or lens retainer.

		e. Luminaires furnished with integral photoelectrical control shall be of the luminaire Manufacturer's standard design.





		B. Lamps:

		1. Provide as indicated in the Luminaire Schedule shown on the Drawings.

		2. Shall meet or exceed the requirements of the Energy Policy Act of 1992.

		3. Fluorescent lamps:  F32T8 rapid start type, cool white.

		4. HID:

		a. Type:  Metal Halide.

		b. Color:  Clear.



		5. Incandescent:  Standard filaments, Halogen PAR, or linear quartz as applicable, rough service type, 125 V, of the type and wattage indicated in the Luminaire Schedule shown on the Drawings.

		6. Metal halide:  Suitable for burning position as required for the light fixture, in accordance with ANSI C78.389.  Average rated life in the vertical burning position shall be 10,000 hours minimum for 250 W and smaller lamps and 20,000 hours minimum...



		C. Ballasts:

		1. General:

		a. Meet requirements for fixture light output, reliable starting, radio interference, THD, EMI, and dielectric rating.

		b. Certified by electrical testing laboratories to conform to the certified ballast Manufacturer's specifications.

		c. For use in exterior located ballasts to produce reliable starting of lamps over the entire temperature range at 90% of nominal line voltage.

		d. Energy saving type suitable for use with energy saving lamps where available.

		e. Meet FCC standard, Class A for EMI/RFI, FCC 47CFR Part 18 non-consumer equipment.

		f. In accordance with ANSI/IEEE standards/guidelines for THD and line voltage transient protection.



		2. Fluorescent:

		a. Type:  Premium low heat high frequency electronic ballast with a maximum THD of 10%.

		b. In accordance with UL 935.

		c. Operate with no visible flicker.

		d. Tolerate sustained voltage variations of ±10% with no damage to the ballast.

		e. 0.98 power factor or above.

		f. Sound rating of A or better.

		g. Comply with EMI and RFI limits set by the FCC 47CFR, Part 18 for non-consumer equipment.

		h. CF of 1.7 or less.



		3. Metal halide:  Ballasts shall be single lamp.  Volts and watts shall be as shown on the Drawings.  At any lamp voltage, from nominal through life, lamp wattage regulation spread at that lamp voltage shall not exceed 5% for ±10% line voltage variati...

		4. Photocell:

		a. Photocells for control of multiple luminaires:

		1) Self-contained.

		2) Weatherproof.

		3) Provided with time-delay features.

		4) Sized to meet switching capacity of the circuit:  Based on ballast VA and lighting circuit load as shown on the Drawings.



		b. Photoelectric cell for control of a single luminaire:  Integral to the luminaire.









		PART 3 EXECUTION

		3.1 installation

		A. Luminaires:

		1. General:

		a. Install luminaires in accordance with the Manufacturer's instructions.

		b. Provide proper hangers, pendants, and canopies as necessary for complete installation.

		c. Provide additional ceiling bracing, hanger supports, and other structural reinforcements to the building and to concrete pole bases required to safely mount luminaires.

		d. Install luminaires plumb and level.

		e. Mounting heights shown on the Drawings for wall-mounted or pendant-mounted luminaires are measured from the bottom of the luminaire to finished floor or finished grade, whichever is applicable.

		f. Install each luminaire outlet box with galvanized stud.

		g. Pendant fixtures shall have swivel type box covers and threaded conduit pendants.

		h. Fixtures in rows shall be aligned both vertically and horizontally.

		i. The drawings indicate the general location and arrangement of the fixtures desired.  The actual location and arrangement of the fixtures shall be clear of pipes, mechanical equipment, structural openings, and other obstructions.  The actual locatio...

		j. Coordinate luminaire locations with Work of other trades to prevent the obstruction of light from the fixtures.

		k. Individual luminaire types in the Luminaire Schedule shown on the Drawings.



		2. Wall-mounted metal halide:

		a. Surface mount the fixture over a concealed or embedded box and provide an opening in the back of the fixture suitable to provide access to the wiring in the box.

		b. Ground and bond the fixture and the box to each other with a minimum of a #12 AWG conductor.

		c. Support the fixture utilizing stainless steel anchors and hardware.  Provide caulking with a non-hardening sealer around the fixture.



		3. Pendant-mounted:

		a. Provide swivel type hangers and canopies to match luminaires, unless otherwise noted.

		b. Space single-stem hangers on continuous-row fluorescent luminaires nominally 48 inches apart.

		c. Provide twin-stem hangers on single luminaires.



		4. Pole-mounted:  Provide a cast-in-place concrete base as shown on the Drawings.

		5. Swinging type:  Provide, at each support, safety cable capable of supporting 4 times the vertical load from the structure to the luminaire.

		6. Unfinished areas:  Locate luminaires to avoid either conflict with other building systems or blockage of luminaire light output.

		a. Fixture suspension:  As approved or shown on the Drawings.





		B. Lamps:  For each fixture, provide the number and type for which the fixture is designed.

		C. Ballasts:

		1. Install ballasts in accordance with the Manufacturer's instructions.

		2. Utilize ballast mounting holes to fasten securely within the luminaire.

		3. Replace noisy or defective ballasts.





		3.2 CLEANING

		A. Remove labels and other markings, except UL listing mark.

		B. Wipe luminaires inside and outside to remove construction dust.

		C. Clean luminaire plastic lenses with anti-static cleaners.

		D. Touch up painted surfaces of luminaires and poles with matching paint ordered from the Manufacturer.

		E. Replace defective lamps prior to the Substantial Completion date.
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SECTION 27 00 00 
COMMUNICATIONS SYSTEMS 


PART 1 GENERAL 
1.1 SUMMARY 


A. Section includes general information, products, and execution for communications systems. 
B. Related Sections: 


1. SECTION 26 00 10 – COMMON WORK RESULTS FOR ELECTRICAL 
2. SECTION 26 05 19 – LOW-VOLTAGE CONDUCTORS 


1.2 REFERENCES 
A. Institute of Electrical and Electronics Engineers (IEEE): 


1. 802.3 – Standard for Ethernet 
1.3 SUBMITTALS 


A. Shop Drawings: 
1. Submit a complete list of equipment and materials and any details required to demonstrate that equipment will 


function properly as a unit, including: 
a. The itemized Bill of Material including Manufacturer, complete model number, and options included. 
b. Manufacturer’s descriptive and technical literature. 
c. Detailed descriptions of equipment, including weights, dimensions, and installation requirements. 
d. Complete dimensional plan views indicating sizes and clearances required for equipment. 
e. Manufacturer's fiber optic system cut sheets, manuals, and schematics. 
f. Fiber and copper cable mapping, devices, and tag numbers. 


B. Quality Control Submittals: 
1. Testing related submittals. 
2. O&M manuals: 


a. Manufacturer's installation instructions. 
b. Bill of Materials. 
c. Shop Drawing information. 
d. Catalog data and component data sheets. 
e. Final As-Built Drawings, fiber and copper cable mapping, devices, and tag numbers (in electronic and hard 


copy format). 
f. Factory and field certified test reports. 


3. Operating instructions and start-up procedures including receiving and installation requirements. 
4. Provide maintenance instructions listing preventive and corrective maintenance procedures.  Corrective 


maintenance procedures shall identify the most probable failures and the appropriate repairs.  Reference test 
measurement levels to specific test points on the installed equipment. 


5. Provide spare parts data for each item of material and equipment specified.  The data shall include a complete list 
of parts and supplies with current unit prices and source of supply.  Provide a list and itemized price breakdown of 
spare parts recommended for stocking.  The parts selected shall be those that, in the Manufacturer’s judgment, will 
be involved in the majority of maintenance problems. 


6. Provide a copy of guarantees and warranties issued for the various items of equipment showing dates of 
expiration. 


C. Warranty Documentation: 
1. Sample warranty. 
2. Warranty. 
3. As specified in SECTION 26 00 10. 


D. Spare Parts: 
1. Furnish to the ENGINEER’s office the following spare equipment, a maximum of 20 weeks after the Notice of 


Award of the Contract: 
a. Fiber optic to 10/100 base T media converter/Transceiver, Allied Telesyn AT-FS201-10:  4. 
b. Two Ethernet SCADA hubs:  Ethernet switch with six RJ-45 ports and two 100BASE-FX ports with ST type 


connectors, Phoenix Contact FL Switch SFN 6TX/2FX ST. 
c. Provide the following spare patch cords: 


1) Part No. GB ST2-D2-01:  10. 
2) Part No. GB ST2-D2-03:  10. 
3) Part No. GB ST2-D2-05:  10. 


1.4 QUALITY ASSURANCE 
A. UL Compliance:  Materials manufactured within the scope of UL shall conform to UL Standards and have an applied 


UL listing mark. 
1.5 DELIVERY, STORAGE, AND HANDLING 


A. Established by CONTRACTOR to facilitate access of equipment to final installation location. 
1.6 SITE CONDITIONS 


A. Materials and equipment shall be designed and constructed for continuous operation, at rated current, at Project 
elevation, 104°F ambient and 95% relative humidity. 


1.7 WARRANTY 
A. Warranty for one year from the Substantial Completion date for the satisfactory performance and installation of the 


communications system and associated appurtenances. 
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PART 2 PRODUCTS 
2.1 APPROVED MANUFACTURERS 


A. Racks: 
1. Great Lakes 
2. Hoffman 
3. Ortronics 


B. Fiber Optic Cable Accessories: 
1. Fiber optic connectors: 


a. Systimax 
C. Fiber Optic Patch Cords with ST type connector: 


1. GB ST2-D2-XX 
D. Fiber Optic Electronic Units: 


1. Fiber optic to 10/100 Base T media converters/transceivers: 
a. Allied Telesyn Media Converters AT-FS201-90 


2. Ethernet SCADA hub/switch: 
a. Phoenix Contact FL Switch, SFN 6TX/2FX ST 


3. Telephone/data wall jack plate: 
a. LEVITON Quickport 


4. Data patch panel: 
a. Panduit DP5E24PWR 


E. Fiber Optic Cable: 
1. Superior Essex Series 1G 


F. Fiber Optic Cable ST Connector Adhesive and Primer: 
1. Loctite 648 Anaerobic Adhesive 
2. Loctite 7090 Anaerobic Primer 


G. Network/Data/Telephone Cable CAT-5E: 
1. Systimax Giga Speed 


H. Data Cable (RS-485): 
1. Belden 3107A 


I. Label Maker: 
1. Brother 


J. OTDR: 
1. Tektronix OTDR Fiber Master 


2.2 COMPONENTS 
A. Communications Racks: 


1. Miscellaneous rack features: 
a. Wall-mount type. 
b. EIA 310-D compliant rail:  19-inch. 
c. Front swing gate. 
d. Hook and loop type straps. 


B. Fiber Optic Patch Panels: 
1. At each fiber optic cable termination, the connectorized fibers shall be integrated into a fiber optic patch panel.  


The panel shall be of metallic construction with a lockable cover totally enclosing the connectors.  The panel shall 
accept ST type bulkhead connectors. 


2. Fiber optic patch panels shall be enclosed within the LCP cabinets and communications racks as shown on the 
Drawings. 


3. Product:  As approved by the ENGINEER. 
C. Fiber Optic Splice Enclosure: 


1. Fiber optic splice enclosures shall not be used. 
2. Splice enclosures shall protect the spliced fibers from moisture and damage and provide strain relief for the fiber 


optic cable and the fibers.  At each splicing location, sufficient cable shall be provided to properly rack and splice 
the cables and allow for additional future splices. 


3. Fiber optic splices shall be fusion type only. 
D. Fiber Optic Electronic Units: 


1. The fiber optic transceiver units shall be located within the specified control panels.  The units shall be compatible 
with the fiber optic cable, panels, cords, and connectors as specified in the Contract Documents. 


2. Fiber optic to 10/100 Base T media converters/transceivers: 
a. Fiber optic Ethernet transceivers shall be in accordance with IEEE 802.3.  Conversion from the fiber optic 


media to the media required by the communications equipment shall be accomplished through the use of one 
device; the use of multiple transceivers/converters to perform a single media conversion is not acceptable.  
The converter/transceiver shall be capable of detecting and reporting link failures at the transceiver.  The 
transceiver shall be supplied with LED indicators for displaying transmit, receive, and collision status. 


3. Fiber optic repeaters:  Provide power for repeaters if their use is required to meet the requirements of the Contract 
Documents.  At a minimum, the repeater shall regenerate the optical signal at the required transmission rate and 
be mechanically and optically compatible with the entire fiber optic subsystem; location and installation shall be 
approved by the ENGINEER. 
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E. Ethernet SCADA hub/switch: 
1. Ethernet switch with six RJ-45 ports and two 100BASE-FX ports with ST type connectors. 
2. Transmission speed 10/100 Mbps on RJ-45 ports. 
3. DIN rail-mounted. 
4. 24 VDC power. 


F. Telephone/Data Wall Jack Plate: 
1. The wall jack plate shall be capable of being wired for 4 jacks and shall match nearby electrical cover plates in 


color and style. 
2. Unused jack openings shall be covered with a flush plug the same color as the plate and made by the same 


Manufacturer. 
3. Shield and drain wires shall be grounded at the patch panel.  Ground shield and drain wires at one end. 
4. Female telephone jacks on the wall plates:  Ivory. 
5. Female data jacks on the wall plates:  Orange. 
6. Female fax jacks on the wall plates:  Ivory. 
7. Female SCADA/process control jacks on the wall plates:  Red. 
8. Jacks shall be compatible with CAT-6E cable and connectors using 568B pinouts. 
9. Each wall plate shall be labeled using nomenclature specified in this Section. 
10. Wall plate jacks shall be provided with in-use type covers. 


G. Data Patch Panel: 
1. Data patch panel shall be rack-mounted type. 
2. Jacks on patch panel shall be labeled using nomenclature specified in this Section. 


H. Communications Cable: 
1. Fiber optic cables: 


a. Provide and install cables and connectors.  The Manufacturer shall design and specify these components: 
1) Each link shall consist of 2 separate fiber optic cables. 
2) Each cable shall contain the number of strands shown on the Drawings.  If not shown on the Drawings, 


the cable shall contain twice the number of strands required to handle the specified communications 
functions.  A minimum of 8 strands shall be in any cable. 


3) Optical fiber shall be coated with a suitable material to preserve the intrinsic strength of the glass.  Fiber 
shall be protected by a protective tube, a jacketed strength member, and an exterior jacket. 


4) Conductors shall be multi-mode, graded index, solid glass waveguides with the following characteristics: 
a) Nominal core diameter:  62.5 microns. 
b) Minimum ellipicity:  2.0%. 
c) Outside clad diameter:  125 microns. 
d) Minimum NA:  0.275. 
e) Maximum attenuation (850 nm):  3.75 dB/Km. 
f) Minimum bandwidth (850 nm):  160 MHz/Km. 
g) Maximum attenuation (1300 nm):  1.5 dB/Km. 
h) Minimum bandwidth (1300 nm):  500 MHz/Km. 


5) Glass cladding shall be nominally concentric with the fiber core. 
6) Each fiber shall be continuous with no factory splices. 
7) Mechanical stress present in the cable shall not be transmitted to the optical fibers.  The fiber optic cable 


shall use loose tube construction allowing for thermal expansion and free movement of the fiber within the 
protective container. 


8) Protective coatings in any single length of cable shall be continuous and of the same material.  The 
protective coverings shall be free from holes, splices, blisters, and other imperfections.  A flooding 
compound shall be applied into the interior of the fiber buffer tubes. 


9) Strength members shall be an integral part of the cable construction.  The combined strength shall be 
sufficient to support the stress of installation and protect the cable in service. 


10) The outer cable jacket shall be made of HDPE. 
2. Fiber optic cable accessories: 


a. Fiber optic cable terminations:  Fiber optic cable shall be fanned out to allow direct connectorization of the 
fiber optic cable.  Each individual fiber shall be sleeved over with a Kevlar-reinforced furcation tube.  At the 
convergence point of furcation tubes, provide strain relief with a high-density plastic fan-out collar. 


b. Where fiber optic cables are run through EHH, cables shall be supported on EHH walls by an ENGINEER 
approved method.  An additional 10 foot loop of spare fiber optic cable shall be installed in the EHH. 


c. Fiber optic connectors: 
1) Fibers shall be terminated with an ST type stainless steel or ferrule bayonet keyed connector.  Fiber optic 


equipment and cable shall use the same type connectors.  Connectors shall be installed using a primer 
and adhesive that provides a robust curing, high temperature performance, and oil tolerance. The 
connector shall be in accordance with the following: 
a) Attenuation (typical/maximum):  0.3 dB/0.4 dB. 
b) Fiber nominal outside diameter:  125 microns. 
c) Cable nominal outside diameter:  2.4 mm or 3.0 mm. 
d) Loss repeat:  <0.2 dB per 1,000 reconnects. 
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3. Network/data/telephone cable (CAT-6E): 
a. Industrial Ethernet cable with the following features: 


1) Four twisted pairs shielded, #24 AWG solid bare annealed copper conductors. 
2) Insulation: Polyolefin. 
3) Outer jacket:  Industrial grade PVC. 
4) Suitable applications:  Industrial Ethernet cable, harsh environments, 100 MHz CAT-6E, RJ-45 


compatible, noisy environments, 100Base-TX. 
5) Each cable shall be labeled in visible locations at both ends using materials and nomenclature specified 


herein. 
4. Data cable (RS-485): 


a. Two twisted pairs, overall 100% shielded, #22 AWG stranded, tinned, copper conductors. 
b. Each cable shall be labeled in visible locations at both ends using materials and nomenclature specified 


herein. 
2.3 ACCESSORIES 


A. Fiber Optic Patch Cords:  Patch cords shall be utilized to connect the fibers within the fiber optic patch panel to the 
fiber optic transmitter and receiver modules.  Patch cables shall be 62.5 microns and possess the attenuation and 
bandwidth parameters as specified for fiber optic cable plant.  Fibers shall be placed in individual tight thermoplastic 
buffer tubes, protected with Kevlar-strength members, and enclosed with a thermoplastic jacket.  Terminate patch 
cords with ST type connectors. 


B. Communications Cabinet:  
1. NEMA Type 12 enclosure 72-inches high, 60-inches wide, with 12-inch floor stands welded to the enclosure unless 


otherwise shown on the Drawings.  
2. A 4-foot high, 4-foot wide, 0.75-inch thick, grade A, painted white, piece of plywood shall be mounted in the 


enclosure by ENGINEER-approved methods. 
3. Provide 2 ground bus bars on the lower right and left corners of the plywood. Bond bus bars to the facility ground 


grid with a #6 AWG minimum ground conductor. 
PART 3 EXECUTION 
3.1 INSTALLATION 


A. Communications Cable: 
1. Communications fiber optic cable and copper communications cable shall be installed as specified in SECTION 


26 05 19, in accordance with the Manufacturer’s instructions, and as approved by the ENGINEER. 
2. Install cable into wall plates and patch panels in accordance with the Manufacturer’s instructions using only tools 


approved by the Manufacturer. 
3. Bundling:  When cables run outside of conduit, bundle them together with other cables of the same type 


throughout their exposed length with cable ties placed at intervals not exceeding 12 inches on center.  Cable 
running above suspended ceilings should be fastened securely to roof joists or other locations approved by the 
ENGINEER with J-hooks or equivalent means, at a maximum spacing of 6 feet on center. 


4. Cable runs from each jack to the communications distribution equipment shall be pulled as one continuous piece 
of cable; splicing is not permitted. 


5. Data cables shall be bundled together with plenum rated tie wraps in service loops approved by the ENGINEER. 
6. Temporary and permanent outdoor cable that is not in a raceway shall be direct burial and waterproof gel filled 


Icy-Pick type cable. Typical conductor colors: 
a. Data: Blue. 
b. SCADA/process control: Red. 
c. Telephone/fax: White. 


B. Labeling: 
1. Provide and install labels for each cable, wall plate, and patch panel: 


a. Cables shall be labeled in visible locations at each end with pre-printed, wrap-around labels. 
b. Cables shall be labeled in visible locations at each pull box condulet and EHH with pre-printed, wrap-around 


labels. 
c. Wall plates and data patch panels shall be labeled using a label-maker with 1/4-inch black letters on a white 


background. 
d. Labeling shall be approved by the ENGINEER. 


2. Telephone circuits shall be labeled sequentially, assuming the eventual use of 2 jacks per location.  For example, 
the first telephone location shown on the Drawings would have cable labeled V1 and jacks labeled V1-1 and V1-2 
(wires within the cable may eventually be split into 2 jacks; only one needs to be wired as part of the Work).  The 
second telephone location would have cable labeled V2 and jacks labeled V2-1 and V2-2.  Labeling shall be 
approved by the ENGINEER. 


3. SCADA/Process Control circuits shall be labeled sequentially using nomenclature PC1, PC2, etc. Labeling shall be 
approved by the ENGINEER. 


4. Data circuits shall be labeled sequentially using nomenclature D1, D2, etc. Labeling shall be approved by the 
ENGINEER. 


C. Install communications systems, including telephone and network systems.  Coordinate Work with the OWNER and the 
phone utility. 


D. Provide, install, and be responsible for communications between equipment, offices, and areas of the site. 
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E. Install equipment and materials required by the Contract Documents including, but not limited to: 
1. Communications racks, patch panels, switches, routers, hubs, transceivers, converters, conduits, cables, 


connectors, and wall plates. 
2. CAT-6E cable from each telephone and data jack shown on the Drawings to the communications equipment 


(e.g., a location that contains one phone, one fax, and 2 data jacks will require four CAT-5E cables to be run to the 
communications distribution equipment). 


F. Communications fiber optic cable and copper communications cable shall be provided, terminated, and tested in 
accordance with the Contract Documents. 


G. Work on existing systems shall be coordinated with the OWNER. 
H. The complete communications system shall be provided and installed as required by the Contract Documents.  The 


fiber optic system shall provide communications and control for the SCADA PLC/RTU data highway and process 
Ethernet network both internal and external to the facilities.  The fiber optic system shall provide communications and 
control for the SCADA system between the various areas, equipment, and control rooms. 
1. Fiber optic to copper cable, (e.g., RS-485, RJ-11, RJ-45), interface:  Cables and devices required for the 


interconnection between the fiber optic system and the specific system-required cable shall be provided and 
installed as required.  This includes, but is not be limited to, connectors, patch panels, power supplies, 
transceivers, communications ports, I/O racks, and cables.  It shall be the CONTRACTOR's responsibility to verify 
specific system compatibility with the fiber optic system. 


I. Provide as noted, install, test, and be responsible for communications between facilities:  Fiber optic cable, fiber jumper 
cable, fiber optic transceivers, multimedia switches, ports, connectors, etc. shall be provided for the new fiber optic 
infrastructure shown on the Drawings.  Include a drawing of the patch panel connections for the OWNER's review 
during the submittal process. 


J. Provide and install equipment and materials required by the Contract Documents including, but not limited to: 
1. Communications racks, patch panels, transceivers, converters, connectors, and wall plates. 
2. Fiber optic and data cable breakout kits, terminations, and testing. 


3.2 QUALITY CONTROL 
A. An OTDR shall be used to map fiber runs, including spare fibers, from start to finish to provide a warning of any 


microbending or other signal loss.  The OTDR shall provide an electronic copy and a hard copy printout.  A hard copy 
map of fiber runs shall be submitted to the ENGINEER. 


B. Fiber connections shall be checked under a video microscope for optical clarity and tested for insertion loss by a power 
meter connected on the opposite end to a laser source.  Measurements shall be documented and provided to the 
ENGINEER within 10 days of the test. 


C. Data cables shall be tested after they have been terminated.  A test report shall be submitted for each data cable and 
contain, at a minimum: 
1. Cable identification number. 
2. Test summary (pass or fail). 
3. Project name. 
4. Cable location. 
5. Date and time of cable test. 
6. Name of person conducting the test. 
7. Test standard. 
8. Cable type. 
9. Test instrument used. 
10. Length of cable tested. 
11. Propagation delay (ns). 
12. Delay skew (ns). 
13. Impedance (ohms). 
14. Attenuation (dB). 
15. Frequency (MHz). 
16. Limit (dB). 


END OF SECTION 
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		27 00 00 Communications Systems

		PART 1 GENERAL

		1.1 summary

		A. Section includes general information, products, and execution for communications systems.

		B. Related Sections:

		1. SECTION 26 00 10 – COMMON WORK RESULTS FOR ELECTRICAL

		2. SECTION 26 05 19 – LOW-VOLTAGE CONDUCTORS





		1.2 REFERENCES

		A. Institute of Electrical and Electronics Engineers (IEEE):

		1. 802.3 – Standard for Ethernet





		1.3 Submittals

		A. Shop Drawings:

		1. Submit a complete list of equipment and materials and any details required to demonstrate that equipment will function properly as a unit, including:

		a. The itemized Bill of Material including Manufacturer, complete model number, and options included.

		b. Manufacturer’s descriptive and technical literature.

		c. Detailed descriptions of equipment, including weights, dimensions, and installation requirements.

		d. Complete dimensional plan views indicating sizes and clearances required for equipment.

		e. Manufacturer's fiber optic system cut sheets, manuals, and schematics.

		f. Fiber and copper cable mapping, devices, and tag numbers.





		B. Quality Control Submittals:

		1. Testing related submittals.

		2. O&M manuals:

		a. Manufacturer's installation instructions.

		b. Bill of Materials.

		c. Shop Drawing information.

		d. Catalog data and component data sheets.

		e. Final As-Built Drawings, fiber and copper cable mapping, devices, and tag numbers (in electronic and hard copy format).

		f. Factory and field certified test reports.



		3. Operating instructions and start-up procedures including receiving and installation requirements.

		4. Provide maintenance instructions listing preventive and corrective maintenance procedures.  Corrective maintenance procedures shall identify the most probable failures and the appropriate repairs.  Reference test measurement levels to specific test...

		5. Provide spare parts data for each item of material and equipment specified.  The data shall include a complete list of parts and supplies with current unit prices and source of supply.  Provide a list and itemized price breakdown of spare parts rec...

		6. Provide a copy of guarantees and warranties issued for the various items of equipment showing dates of expiration.



		C. Warranty Documentation:

		1. Sample warranty.

		2. Warranty.

		3. As specified in SECTION 26 00 10.



		D. Spare Parts:

		1. Furnish to the ENGINEER’s office the following spare equipment, a maximum of 20 weeks after the Notice of Award of the Contract:

		a. Fiber optic to 10/100 base T media converter/Transceiver, Allied Telesyn AT-FS201-10:  4.

		b. Two Ethernet SCADA hubs:  Ethernet switch with six RJ-45 ports and two 100BASE-FX ports with ST type connectors, Phoenix Contact FL Switch SFN 6TX/2FX ST.

		c. Provide the following spare patch cords:

		1) Part No. GB ST2-D2-01:  10.

		2) Part No. GB ST2-D2-03:  10.

		3) Part No. GB ST2-D2-05:  10.









		1.4 QUALITY ASSURANCE

		A. UL Compliance:  Materials manufactured within the scope of UL shall conform to UL Standards and have an applied UL listing mark.



		1.5 delivery, storage, and handling

		A. Established by CONTRACTOR to facilitate access of equipment to final installation location.



		1.6 SITE CONDITIONS

		A. Materials and equipment shall be designed and constructed for continuous operation, at rated current, at Project elevation, 104 F ambient and 95% relative humidity.



		1.7 Warranty

		A. Warranty for one year from the Substantial Completion date for the satisfactory performance and installation of the communications system and associated appurtenances.





		PART 2 PRODUCTS

		2.1 approved manufacturers

		A. Racks:

		1. Great Lakes

		2. Hoffman

		3. Ortronics



		B. Fiber Optic Cable Accessories:

		1. Fiber optic connectors:

		a. Systimax





		C. Fiber Optic Patch Cords with ST type connector:

		1. GB ST2-D2-XX



		D. Fiber Optic Electronic Units:

		1. Fiber optic to 10/100 Base T media converters/transceivers:

		a. Allied Telesyn Media Converters AT-FS201-90



		2. Ethernet SCADA hub/switch:

		a. Phoenix Contact FL Switch, SFN 6TX/2FX ST



		3. Telephone/data wall jack plate:

		a. LEVITON Quickport



		4. Data patch panel:

		a. Panduit DP5E24PWR





		E. Fiber Optic Cable:

		1. Superior Essex Series 1G



		F. Fiber Optic Cable ST Connector Adhesive and Primer:

		1. Loctite 648 Anaerobic Adhesive

		2. Loctite 7090 Anaerobic Primer



		G. Network/Data/Telephone Cable CAT-5E:

		1. Systimax Giga Speed



		H. Data Cable (RS-485):

		1. Belden 3107A



		I. Label Maker:

		1. Brother



		J. OTDR:

		1. Tektronix OTDR Fiber Master





		2.2 Components

		A. Communications Racks:

		1. Miscellaneous rack features:

		a. Wall-mount type.

		b. EIA 310-D compliant rail:  19-inch.

		c. Front swing gate.

		d. Hook and loop type straps.





		B. Fiber Optic Patch Panels:

		1. At each fiber optic cable termination, the connectorized fibers shall be integrated into a fiber optic patch panel.  The panel shall be of metallic construction with a lockable cover totally enclosing the connectors.  The panel shall accept ST type...

		2. Fiber optic patch panels shall be enclosed within the LCP cabinets and communications racks as shown on the Drawings.

		3. Product:  As approved by the ENGINEER.



		C. Fiber Optic Splice Enclosure:

		1. Fiber optic splice enclosures shall not be used.

		2. Splice enclosures shall protect the spliced fibers from moisture and damage and provide strain relief for the fiber optic cable and the fibers.  At each splicing location, sufficient cable shall be provided to properly rack and splice the cables an...

		3. Fiber optic splices shall be fusion type only.



		D. Fiber Optic Electronic Units:

		1. The fiber optic transceiver units shall be located within the specified control panels.  The units shall be compatible with the fiber optic cable, panels, cords, and connectors as specified in the Contract Documents.

		2. Fiber optic to 10/100 Base T media converters/transceivers:

		a. Fiber optic Ethernet transceivers shall be in accordance with IEEE 802.3.  Conversion from the fiber optic media to the media required by the communications equipment shall be accomplished through the use of one device; the use of multiple transcei...



		3. Fiber optic repeaters:  Provide power for repeaters if their use is required to meet the requirements of the Contract Documents.  At a minimum, the repeater shall regenerate the optical signal at the required transmission rate and be mechanically a...



		E. Ethernet SCADA hub/switch:

		1. Ethernet switch with six RJ-45 ports and two 100BASE-FX ports with ST type connectors.

		2. Transmission speed 10/100 Mbps on RJ-45 ports.

		3. DIN rail-mounted.

		4. 24 VDC power.



		F. Telephone/Data Wall Jack Plate:

		1. The wall jack plate shall be capable of being wired for 4 jacks and shall match nearby electrical cover plates in color and style.

		2. Unused jack openings shall be covered with a flush plug the same color as the plate and made by the same Manufacturer.

		3. Shield and drain wires shall be grounded at the patch panel.  Ground shield and drain wires at one end.

		4. Female telephone jacks on the wall plates:  Ivory.

		5. Female data jacks on the wall plates:  Orange.

		6. Female fax jacks on the wall plates:  Ivory.

		7. Female SCADA/process control jacks on the wall plates:  Red.

		8. Jacks shall be compatible with CAT-6E cable and connectors using 568B pinouts.

		9. Each wall plate shall be labeled using nomenclature specified in this Section.

		10. Wall plate jacks shall be provided with in-use type covers.



		G. Data Patch Panel:

		1. Data patch panel shall be rack-mounted type.

		2. Jacks on patch panel shall be labeled using nomenclature specified in this Section.



		H. Communications Cable:

		1. Fiber optic cables:

		a. Provide and install cables and connectors.  The Manufacturer shall design and specify these components:

		1) Each link shall consist of 2 separate fiber optic cables.

		2) Each cable shall contain the number of strands shown on the Drawings.  If not shown on the Drawings, the cable shall contain twice the number of strands required to handle the specified communications functions.  A minimum of 8 strands shall be in ...

		3) Optical fiber shall be coated with a suitable material to preserve the intrinsic strength of the glass.  Fiber shall be protected by a protective tube, a jacketed strength member, and an exterior jacket.

		4) Conductors shall be multi-mode, graded index, solid glass waveguides with the following characteristics:

		a) Nominal core diameter:  62.5 microns.

		b) Minimum ellipicity:  2.0%.

		c) Outside clad diameter:  125 microns.

		d) Minimum NA:  0.275.

		e) Maximum attenuation (850 nm):  3.75 dB/Km.

		f) Minimum bandwidth (850 nm):  160 MHz/Km.

		g) Maximum attenuation (1300 nm):  1.5 dB/Km.

		h) Minimum bandwidth (1300 nm):  500 MHz/Km.



		5) Glass cladding shall be nominally concentric with the fiber core.

		6) Each fiber shall be continuous with no factory splices.

		7) Mechanical stress present in the cable shall not be transmitted to the optical fibers.  The fiber optic cable shall use loose tube construction allowing for thermal expansion and free movement of the fiber within the protective container.

		8) Protective coatings in any single length of cable shall be continuous and of the same material.  The protective coverings shall be free from holes, splices, blisters, and other imperfections.  A flooding compound shall be applied into the interior ...

		9) Strength members shall be an integral part of the cable construction.  The combined strength shall be sufficient to support the stress of installation and protect the cable in service.

		10) The outer cable jacket shall be made of HDPE.





		2. Fiber optic cable accessories:

		a. Fiber optic cable terminations:  Fiber optic cable shall be fanned out to allow direct connectorization of the fiber optic cable.  Each individual fiber shall be sleeved over with a Kevlar-reinforced furcation tube.  At the convergence point of fur...

		b. Where fiber optic cables are run through EHH, cables shall be supported on EHH walls by an ENGINEER approved method.  An additional 10 foot loop of spare fiber optic cable shall be installed in the EHH.

		c. Fiber optic connectors:

		1) Fibers shall be terminated with an ST type stainless steel or ferrule bayonet keyed connector.  Fiber optic equipment and cable shall use the same type connectors.  Connectors shall be installed using a primer and adhesive that provides a robust cu...

		a) Attenuation (typical/maximum):  0.3 dB/0.4 dB.

		b) Fiber nominal outside diameter:  125 microns.

		c) Cable nominal outside diameter:  2.4 mm or 3.0 mm.

		d) Loss repeat:  <0.2 dB per 1,000 reconnects.







		3. Network/data/telephone cable (CAT-6E):

		a. Industrial Ethernet cable with the following features:

		1) Four twisted pairs shielded, #24 AWG solid bare annealed copper conductors.

		2) Insulation: Polyolefin.

		3) Outer jacket:  Industrial grade PVC.

		4) Suitable applications:  Industrial Ethernet cable, harsh environments, 100 MHz CAT-6E, RJ-45 compatible, noisy environments, 100Base-TX.

		5) Each cable shall be labeled in visible locations at both ends using materials and nomenclature specified herein.





		4. Data cable (RS-485):

		a. Two twisted pairs, overall 100% shielded, #22 AWG stranded, tinned, copper conductors.

		b. Each cable shall be labeled in visible locations at both ends using materials and nomenclature specified herein.







		2.3 accessories

		A. Fiber Optic Patch Cords:  Patch cords shall be utilized to connect the fibers within the fiber optic patch panel to the fiber optic transmitter and receiver modules.  Patch cables shall be 62.5 microns and possess the attenuation and bandwidth para...

		B. Communications Cabinet:

		1. NEMA Type 12 enclosure 72-inches high, 60-inches wide, with 12-inch floor stands welded to the enclosure unless otherwise shown on the Drawings.

		2. A 4-foot high, 4-foot wide, 0.75-inch thick, grade A, painted white, piece of plywood shall be mounted in the enclosure by ENGINEER-approved methods.

		3. Provide 2 ground bus bars on the lower right and left corners of the plywood. Bond bus bars to the facility ground grid with a #6 AWG minimum ground conductor.







		PART 3 EXECUTION

		3.1 INSTALLATION

		A. Communications Cable:

		1. Communications fiber optic cable and copper communications cable shall be installed as specified in SECTION 26 05 19, in accordance with the Manufacturer’s instructions, and as approved by the ENGINEER.

		2. Install cable into wall plates and patch panels in accordance with the Manufacturer’s instructions using only tools approved by the Manufacturer.

		3. Bundling:  When cables run outside of conduit, bundle them together with other cables of the same type throughout their exposed length with cable ties placed at intervals not exceeding 12 inches on center.  Cable running above suspended ceilings sh...

		4. Cable runs from each jack to the communications distribution equipment shall be pulled as one continuous piece of cable; splicing is not permitted.

		5. Data cables shall be bundled together with plenum rated tie wraps in service loops approved by the ENGINEER.

		6. Temporary and permanent outdoor cable that is not in a raceway shall be direct burial and waterproof gel filled Icy-Pick type cable. Typical conductor colors:

		a. Data: Blue.

		b. SCADA/process control: Red.

		c. Telephone/fax: White.





		B. Labeling:

		1. Provide and install labels for each cable, wall plate, and patch panel:

		a. Cables shall be labeled in visible locations at each end with pre-printed, wrap-around labels.

		b. Cables shall be labeled in visible locations at each pull box condulet and EHH with pre-printed, wrap-around labels.

		c. Wall plates and data patch panels shall be labeled using a label-maker with 1/4-inch black letters on a white background.

		d. Labeling shall be approved by the ENGINEER.



		2. Telephone circuits shall be labeled sequentially, assuming the eventual use of 2 jacks per location.  For example, the first telephone location shown on the Drawings would have cable labeled V1 and jacks labeled V1-1 and V1-2 (wires within the cabl...

		3. SCADA/Process Control circuits shall be labeled sequentially using nomenclature PC1, PC2, etc. Labeling shall be approved by the ENGINEER.

		4. Data circuits shall be labeled sequentially using nomenclature D1, D2, etc. Labeling shall be approved by the ENGINEER.



		C. Install communications systems, including telephone and network systems.  Coordinate Work with the OWNER and the phone utility.

		D. Provide, install, and be responsible for communications between equipment, offices, and areas of the site.

		E. Install equipment and materials required by the Contract Documents including, but not limited to:

		1. Communications racks, patch panels, switches, routers, hubs, transceivers, converters, conduits, cables, connectors, and wall plates.

		2. CAT-6E cable from each telephone and data jack shown on the Drawings to the communications equipment (e.g., a location that contains one phone, one fax, and 2 data jacks will require four CAT-5E cables to be run to the communications distribution e...



		F. Communications fiber optic cable and copper communications cable shall be provided, terminated, and tested in accordance with the Contract Documents.

		G. Work on existing systems shall be coordinated with the OWNER.

		H. The complete communications system shall be provided and installed as required by the Contract Documents.  The fiber optic system shall provide communications and control for the SCADA PLC/RTU data highway and process Ethernet network both internal...

		1. Fiber optic to copper cable, (e.g., RS-485, RJ-11, RJ-45), interface:  Cables and devices required for the interconnection between the fiber optic system and the specific system-required cable shall be provided and installed as required.  This incl...



		I. Provide as noted, install, test, and be responsible for communications between facilities:  Fiber optic cable, fiber jumper cable, fiber optic transceivers, multimedia switches, ports, connectors, etc. shall be provided for the new fiber optic infr...

		J. Provide and install equipment and materials required by the Contract Documents including, but not limited to:

		1. Communications racks, patch panels, transceivers, converters, connectors, and wall plates.

		2. Fiber optic and data cable breakout kits, terminations, and testing.





		3.2 QUALITY CONTROL

		A. An OTDR shall be used to map fiber runs, including spare fibers, from start to finish to provide a warning of any microbending or other signal loss.  The OTDR shall provide an electronic copy and a hard copy printout.  A hard copy map of fiber runs...

		B. Fiber connections shall be checked under a video microscope for optical clarity and tested for insertion loss by a power meter connected on the opposite end to a laser source.  Measurements shall be documented and provided to the ENGINEER within 10...

		C. Data cables shall be tested after they have been terminated.  A test report shall be submitted for each data cable and contain, at a minimum:

		1. Cable identification number.

		2. Test summary (pass or fail).

		3. Project name.

		4. Cable location.

		5. Date and time of cable test.

		6. Name of person conducting the test.

		7. Test standard.

		8. Cable type.

		9. Test instrument used.

		10. Length of cable tested.

		11. Propagation delay (ns).

		12. Delay skew (ns).

		13. Impedance (ohms).

		14. Attenuation (dB).

		15. Frequency (MHz).

		16. Limit (dB).














EFFECTIVE JANUARY 2014 1 SECTION 31 01 01 
  SITE RESTORATION AND CLEANUP 


SECTION 31 01 01 
SITE RESTORATION AND CLEANUP 


PART 1 GENERAL  
1.1 SUMMARY 


A. Section includes general information and execution for site restoration and cleanup. 
1.2 QUALITY ASSURANCE 


A. System Description: 
1. Design requirements:  Perform site rehabilitation and restoration as soon as possible after Work activity. 


PART 2 PRODUCTS (NOT USED) 
PART 3 EXECUTION 
3.1 PREPARATION 


A. Dust Prevention:  Give unpaved streets, roads, detours, or haul roads used in the Work area a dust-preventive 
treatment approved by the OWNER or periodically water to prevent dust.  Follow applicable environmental regulations 
for dust prevention. 


3.2 RESTORATION 
A. Keep construction areas clean and orderly. 
B. Stockpile excavated materials in a manner that will cause the least damage to adjacent lawns, grassed areas, 


agricultural crops, shrubbery, livestock enclosures, driveways, and fences regardless of whether on private property or 
on public rights-of-way. 


C. Assume full responsibility for the consequences of excavation and street cuts.  Comply with the requirements of street 
cut and right-of-way permits. 


D. Replace pavement and damaged curbs and gutters in accordance with asphalt and concrete specifications and permit 
requirements.  Replace asphalt across trench sections prior to re-opening the street. 


E. Replace damaged driveways to an equal to, or better than, condition.  Saw cut damaged pavement or curbs and gutter 
as required for replacement. 


F. Re-open existing drainage ditches and culverts and restore the grade and natural drainage as soon as possible after 
disturbance.  Restore broken or damaged culverts to original condition and location. 


G. Restore existing landscape irrigation and appurtenances to original grade and condition.  Restore sprinklers, piping, 
and other broken or damaged irrigation structures to original condition and location. 


H. Restore landscaped and grassed areas damaged by construction activities to a condition equal to, or better than, that 
immediately prior to construction.  Care for restored areas until growth is established. 


I. Restore porous brick pavement to the original grade and condition. 
J. Re-grade, rake, and drag disturbed areas leaving them free from rocks, gravel, clay, or any other foreign material and 


in suitable condition for re-vegetation upon completion of the pipeline installation.  Remove temporary structures, 
temporary fencing, rubbish, and waste materials.  Grade disturbed areas to blend in with abutting undisturbed property.  
The finished surface shall be free-draining and free from holes, ruts, rough spots, or other surface features detrimental 
to the road shoulder and borrow ditch areas. 


3.3 CLEANING 
A. Road Clean-Up During Work:  Thoroughly clean spilled dirt, gravel, or other foreign material caused by the Work 


operations at the conclusion of each day’s operation. 
B. Prior to the Substantial Completion date, repair damage caused by equipment and leave the site free of debris or 


excess material of any sort. 
C. Maintain the site, partially finished structures, material stockpiles, and other like areas in a reasonable state of order 


and cleanliness. 
D. If the CONTRACTOR fails to perform cleanup, it may be performed by the OWNER at the CONTRACTOR’s expense. 


END OF SECTION 
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SECTION 31 10 00 
SITE CLEARING 


PART 1 GENERAL 
1.1 SUMMARY 


A. Section includes general information and execution for site clearing. 
1.2 SITE CONDITIONS 


A. Obstructions: 
1. The location of some utilities and obstructions may not be shown on the Drawings. 
2. Inspect existing facilities before beginning Work. 
3. Anticipate the removal and replacement of minor obstructions (e.g., electrical conduits, air, gas piping, and water 


piping) even though they may not be shown on the Drawings or specifically mentioned. 
4. Major obstructions: 


a. Immediately report major obstructions not shown on the Drawings and that could not have been foreseen by 
visual inspection of the Work site. 


b. The ENGINEER will make the determination for proceeding with Work. 
c. If the ENGINEER finds that an obstruction adversely affects the CONTRACTOR’s costs or the schedule for 


completion, a proper adjustment to the Contract will be made in accordance with the General Conditions. 
PART 2 PRODUCTS (NOT USED) 
PART 3 EXECUTION 
3.1 PREPARATION 


A. Demolition: 
1. Preserve existing structures encountered during Work until approved for removal. 
2. Repair existing pipes or structures damaged during Work at no cost to the OWNER. 
3. Obtain approval for the removal of abandoned pipes. 


B. Removal and Salvage of Materials: 
1. Carefully remove materials specified to be reused or salvaged so as not to damage the material. 
2. The reuse of salvaged material is not permitted, except as specifically shown on the Drawings. 
3. Existing materials to be removed or replaced that are not specifically designated for salvage shall become the 


property of the CONTRACTOR. 
C. Clearing Site: 


1. Clear areas within the outline of new structures, paved areas, site fills, and embankments of stumps, shrubs, 
brush, and other vegetative growth. 


2. Strip material containing roots, grasses, and other deleterious or organic matter generally found in the top 6 inches 
of undisturbed natural terrain from areas requiring excavation, grading, trenching, and subgrade preparation for 
foundations and embankment Work. 


3. Stockpile and preserve stripped topsoil that is suitable for spreading over finished grades; at the finished grading 
operation, spread uniformly over areas to be seeded or sodded. 


4. Prior to the Substantial Completion date, the completion of a particular phase of the Work, or the termination of the 
use of particular area, site, storage yard right-of-way, or easement, promptly and neatly clean up the area and 
re-establish the ground to the contours required by the Work or to conditions prior to the commencement of the 
Work. 


D. Clearing and Grubbing: 
1. The clearing of ground surface in fill areas will be directed by the ENGINEER. 
2. Clear the area to be occupied by permanent construction and the surfaces of borrow pits, stockpiles, and fill areas 


of trees, stumps, exposed roots, brush, rubbish, and other objectionable matter. 
E. Stripping:  Strip fill areas to a minimum depth of 6 inches or as required to remove surface boulders and loose rock, 


debris, topsoil, vegetable matter, including stumps and roots, and other perishable and objectionable materials that are 
unsuitable for use in the permanent construction or that might interfere with the proper bonding of the embankment 
with the foundation or the proper compaction of fill materials. 


F. Disposal: 
1. Remove waste materials from clearing operations from the construction site. 
2. Locate waste piles in areas that will not interfere with the natural flow of stream and drainage channels, 


construction operations in borrow areas, or the operation of reservoirs. 
END OF SECTION 
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SECTION 31 23 13 
SUBGRADE PREPARATION 


PART 1 GENERAL  
1.1 SUMMARY 


A. Section includes general information and execution for subgrade preparation. 
B. Related Sections: 


1. SECTION 01 45 16 – MATERIALS TESTING 
2. SECTION 02 24 19 – SELECTIVE DEMOLITION 
3. SECTION 31 23 16 – EXCAVATION 
4. SECTION 31 23 19 – DEWATERING 
5. SECTION 31 23 23 – FILL 


1.2 REFERENCES 
A. ASTM International (ASTM): 


1. D 698 – Standard Test Methods for Laboratory Compaction Characteristics of Soil Using Standard Effort (12,400 
ft-lbf/ft3 (600 kN-m/m3)) 


2. D 1556 – Standard Test Method for Density and Unit Weight of Soil in Place by the Sand-Cone Method 
3. D 4253 – Standard Test Methods for Maximum Index Density and Unit Weight of Soils Using a Vibratory Table 
4. D 4254 – Standard Test Methods for Minimum Index Density and Unit Weight of Soils and Calculation of Relative 


Density 
5. D 6938 – Standard Test Method for In-Place Density and Water Content of Soil and Soil-Aggregate by Nuclear 


Methods (Shallow Depth) 
1.3 DEFINITIONS 


A. Optimum Moisture Content:  As specified in SECTION 31 23 23. 
B. Prepared Ground Surface:  The surface after the completion of clearing and grubbing, the scalping of sod, the stripping 


of topsoil, excavation to grade, and the scarification and compaction of subgrade. 
C. Compaction:  As specified in SECTION 31 23 23. 
D. Relative Density:  As specified in SECTION 31 23 23. 
E. Subgrade:  The layer of existing soil after the completion of clearing and grubbing, the scalping of sod, the stripping of 


topsoil, and excavation to grade prior to the placement of fill or concrete. 
F. Proof-Rolling:  The testing of subgrade by compactive effort to identify areas that will not support future loading without 


excessive settlement. 
1.4 SEQUENCING AND SCHEDULING 


A. Complete applicable Work as specified in SECTION 02 24 19 and SECTION 31 23 16 prior to subgrade preparation. 
1.5 QUALITY ASSURANCE 


A. Notify the ENGINEER in writing when the subgrade is ready for compaction or proof-rolling or when compaction or 
proof-rolling is resumed after a period of extended inactivity. 


1.6 SITE CONDITIONS 
A. Environmental Requirements:  Prepare subgrade when unfrozen and free of ice and snow. 


PART 2 PRODUCTS (NOT USED) 
PART 3 EXECUTION 
3.1 GENERAL 


A. Keep subgrade free of water, debris, and foreign matter during compaction or proof-rolling. 
B. Bring subgrade to proper grade and cross-section, scarify to a depth of 12 inches, and uniformly compact the surface. 
C. Do not use sections of prepared ground surface as haul roads; protect prepared subgrade from traffic. 
D. Maintain the prepared ground surface in a finished condition until the next course is placed. 


3.2 PREPARATION 
A. Moisture Conditioning: 


1. Dry subgrade:  Add water, then mix to a uniform moisture content throughout. 
2. Wet subgrade:  Aerate material by blading, discing, harrowing, or other methods, to hasten the drying process. 


B. Stabilization: 
1. In the event the subgrade layer at the bottom of the excavation below groundwater level is unstable and exhibits 


pumping during surface preparation compaction, stabilize subgrade by one of following methods: 
a. Increasing dewatering efforts so groundwater is drawn down further than the minimum level as specified in 


SECTION 31 23 19. 
b. Placing a layer of foundation stabilization rock as specified in SECTION 31 23 23 and proceeding to backfill. 
c. Placing foundation stabilization rock only if the groundwater level has been drawn down and is insufficient. 


2. Minimum compaction and moisture control requirements apply to the backfill placed regardless of the method used 
to stabilize the subgrade. 


3.3 INSTALLATION 
A. Compaction: 


1. Under earthfill:  Compact backfill to a minimum 95% maximum density at ±2% of optimum moisture content in 
accordance with ASTM D 6938 and ASTM D 698 or 70% relative density in accordance with ASTM D 1556, 
ASTM D 4253, and ASTM D 4254. 


2. Under sidewalks, pavement, structures, floor slabs on grade, and wall footings: Scarify, moisture condition and 
compact the upper 12 inches to a minimum of 98% maximum dry density at ±2% of optimum moisture content, in 
accordance with ASTM D 6938 and ASTM D 698 or 75% relative density in accordance with ASTM D 1556, 
ASTM D 4253, and ASTM D 4254. 
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3.4 QUALITY CONTROL 
A. Remove surface materials at locations designated by the ENGINEER and provide necessary assistance for sampling 


and testing. 
B. Perform QA/QC testing as specified in SECTION 01 45 16. 
C. Proof-roll subgrade with the same equipment used to compact subgrade to detect soft or loose subgrade or unsuitable 


material. 
3.5 ADJUSTING 


A. For soft or loose subgrade select one of following methods: 
1. Adjust moisture content and re-compact. 
2. Over-excavate as specified in SECTION 31 23 16 and replace with suitable material from excavation, as specified 


in SECTION 31 23 23. 
B. Unsuitable Material:  Over-excavate as specified in SECTION 31 23 16 and replace with suitable material from 


excavation as specified in SECTION 31 23 23. 
END OF SECTION 
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SECTION 31 23 16 
EXCAVATION 


PART 1 GENERAL  
1.1 SUMMARY 


A. Section includes general information and execution for excavation. 
B. Related Sections: 


1. SECTION 31 23 19 – DEWATERING 
2. SECTION 31 50 00 – EXCAVATION SUPPORT AND PROTECTION 


1.2 COORDINATION 
A. Stockpiling Excavated Material: 


1. Stockpile excavated material suitable for use as fill or backfill until it is needed. 
2. Post signage: 


a. Indicate the proposed use of material stockpiled. 
b. Ensure signage is clearly worded and readable by equipment operators from a normal seated position from all 


directions of approach to each stockpile. 
3. Confine stockpiles within approved areas. 
4. Do not obstruct roads or streets. 
5. Do not stockpile excavated material adjacent to trenches and other excavations unless excavation sideslopes and 


excavation support systems are designed, constructed, and maintained for stockpile loads. 
6. Do not stockpile excavated materials near or over existing facilities, adjacent property, or completed Work if the 


weight of stockpiled material could induce settlement. 
1.3 SEQUENCING AND SCHEDULING 


A. Excavation Support:  Install and maintain, as specified in SECTION 31 50 00, to support the sides of excavations and 
prevent the detrimental settlement and lateral movement of existing facilities, adjacent property, and completed Work. 


B. Dewatering:  As specified in SECTION 31 23 19 prior to initiating excavation. 
1.4 QUALITY ASSURANCE 


A. Provide adequate survey control to avoid unauthorized over-excavation. 
1.5 SITE CONDITIONS 


A. Environmental Requirements: 
1. Do not use material excavated when frozen or when air temperature is less than 32ºF until material completely 


thaws. 
2. Do not use material excavated during inclement weather until after the material drains and dries sufficiently for 


proper compaction. 
PART 2 PRODUCTS (NOT USED) 
PART 3 EXECUTION 
3.1 GENERAL 


A. Excavate to lines, grades, and dimensions shown on the Drawings, and as necessary to accomplish Work. 
B. Excavate to within a tolerance of ±0.1 foot except where dimensions or grades are shown on the Drawings as 


maximum or minimum. 
C. Allow for forms, working space, granular base, topsoil, and similar items, where applicable. 
D. Trim to neat lines where concrete is to be placed against earth. 
E. Do not over-excavate without the ENGINEER’s written authorization. 
F. Stockpile topsoil removed during excavation that is to be applied after backfill operations. 


3.2 PREPARATION 
A. Trench Excavation: 


1. As shown on the Drawings.  If not shown on the Drawings, excavation shall be: 
a. Minimum width: 


1) Single pipes, conduits, direct-buried cables, and ductbanks:  Greater than 4-inch outside diameter or 
width:  24 inches greater than the outside diameter or width of pipe, conduit, direct-buried cable, or 
ductbank. 


2) Multiple pipes, conduits, cables, or ductbanks in a single trench:  24 inches greater than the aggregate 
width of pipes, conduits, cables, ductbanks, plus space between. 


3) Increase widths by thicknesses of sheeting. 
4) At the bottom and the top of pipe:  Minimum 24 inches plus the outside diameter of pipe and a maximum 


36 inches plus the outside diameter of pipe. 
b. Minimum depth:  6 inches below the bottom of pipe or below the bottom of encasement if applicable. 


2. Excavate sides and maintain as vertical as practical. 
3. Excavate as needed outside the normal trench section at field joints for field connection operations. 


B. Embankment and Cut Slopes: 
1. Shape, trim, and finish cut slopes to conform to the lines, grades, and cross-sections shown on the Drawings with 


proper allowance for topsoil or slope protection where shown on the Drawings. 
2. Remove stones and rock that exceed 3-inches in diameter and that are loose and may roll down the slope. 
3. Remove exposed roots from cut slopes. 
4. Round the tops of cut slopes in the soil to not less than a 6 foot radius, provided such rounding does not extend 


off-site or outside easements and rights-of-way or adversely impact existing facilities, adjacent property, or 
completed Work. 


5. Construct berms around the tops of excavations to provide protection from surface runoff entering excavation. 
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C. Disposal of Spoil:  Material 3-inches and larger, asphalt, concrete, organic material, and other such unsuitable material 
for fill or backfill shall be disposed off-site. 


END OF SECTION 
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SECTION 31 23 16.10 
VACUUM EXCAVATION FOR KEYHOLE INSTALLATION OF APPURTENANCES  


PART 1 GENERAL 
1.1 SUMMARY 


A. Section includes general information, products, and execution for vacuum excavation for keyhole installation of 
appurtenances. 


B. Related Sections: 
1. SECTION 02 24 19 – SELECTIVE DEMOLITION 
2. SECTION 03 30 00 – CAST-IN-PLACE CONCRETE 
3. SECTION 31 23 23 – FILL 
4. SECTION 31 23 24 – TRENCH BACKFILL 
5. SECTION 32 12 16 – ASPHALT PAVING 


1.2 REFERENCES 
A. American Association of State Highway and Transportation Officials (AASHTO):  


1. Standard Specifications for Highway Bridges 
1.3 DEFINITIONS 


A. Keyhole Core: The same as core. 
B. Keyhole Coring:  The operation of coring a circular hole through a roadway pavement, sidewalk, other improved area, 


grassy area, or right-of-way, removing materials from the ground by water or air vacuum excavation method, and 
disposal. 


1.4 SEQUENCING AND SCHEDULING 
A. Provide legal permitting and traffic control pertaining to the Work. 


1.5 SUBMITTALS 
A. Product Data:  Manufacturer’s catalog data sheet for bonding material. 
B. Batch information for backfill material as specified in SECTION 03 30 00 and SECTION 31 23 24. 
C. Approved Traffic Control Plan. 
D. Quality Control Submittals:  CONTRACTOR’S experience for installations. 
E. Warranty Documentation: 


1. Sample warranty. 
2. Warranty. 


1.6 QUALITY ASSURANCE 
A. Provide adequate survey control to avoid unauthorized over-excavation. 
B. Vacuum Excavation Qualifications: 


1. A minimum of 3 years of documented experience in the Work of this Section.  The installer shall have personally 
accomplished 5 or more successful installations. 


2. Approved by the Manufacturer. 
C. Surface Tolerance: 


1. Pavements:  The reinstated core shall be flush and level with the adjacent pavement and in its original orientation.  
No gap, attributable to the core, shall be found between the bottom of the straight edge and the surface of the 
pavement when a straight edge 36-inches long is placed in any direction on the surface, except across the crown 
or drainage gutters. 


2. Sidewalks:  The reinstated core shall be flush and level with the adjacent pavement.  No gap, attributable to the 
core, shall be found between the bottom of the straight edge and the surface of the pavement when a straight 
edge 36-inches long is placed in any direction on the surface. 


D. A keyhole is considered unacceptable when one of the following conditions exist: 
1. The keyhole core contains any vertical cracks wider than 3/16 inch extending full depth or partial depth through 


core. 
2. Any deteriorated piece of keyhole core is larger than 10% of the overall area of the keyhole core. 
3. Two or more successive layers of asphalt in the core become horizontally delaminated and cannot be rebounded 


to each other with the bonding compound. 
1.7 SITE CONDITIONS 


A. Do not use material excavated when frozen or when air temperature is less than 32°F until the material completely 
thaws. 


B. Do not use over-saturated material that will interfere with proper compaction. 
1.8 WARRANTY 


A. Warranty for 3 years from the Substantial Completion date for the satisfactory performance and installation of the 
vacuum excavation for keyhole installation of appurtenances system and associated appurtenances. 


PART 2 PRODUCTS 
2.1 APPROVED MANUFACTURERS 


A. Bonding Material: 
1. Utilicor Technologies, Utilibond 


2.2 MATERIALS 
A. Bonding:  Bonding material shall be a multi-component, super plasticized, cementitious compound, impervious to water 


penetration after the joint application.  The bonding material shall securely bond the undamaged keyhole core to the 
pavement or sidewalk and fill the annular space at the joint.  The bonding material shall support equivalent traffic load 
of at least 3 times the AASHTO H-20 within 30 minutes at an ambient temperature of 70°F. 
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B. Backfill: 
1. CLSM as specified in SECTION 31 23 24. 
2. Pea gravel and imported granular fill as specified in SECTION 31 23 23. 
3. Granular fill shall be placed one foot above the pipe prior to placement of CLSM. 


PART 3 EXECUTION 
3.1 GENERAL 


A. Products shall comply with federal, state, and local requirements. 
B. Provide locates applicable to the area of excavation. 
C. Repair damage to existing utilities or underground appurtenances to the satisfaction of the ENGINEER and other utility 


representatives at the CONTRACTOR’S sole expense. 
D. Protect facilities exposed during the vacuum excavation operations throughout the Work.  Utilities rendered 


unsupported due to vacuum excavation shall be temporarily supported by shoring or other means.  Protect the utility 
form heavy or sharp items falling into the excavation that could damage the utility. 


E. Excavated material shall be stored by the CONTRACTOR and disposed of as specified in SECTION 02 24 19 and at 
the CONTRACTOR’S sole expense. 


3.2 INSTALLATION  
A. Excavation and Core: 


1. Excavation requires coring a circular hole through the concrete or asphalt surface using drilling/coring equipment 
and removing the intact pavement core.  The vertical alignment of the coring shall be perpendicular to the horizon 
and cutting shall be extended through the entire surface of the paved section. 


2. Cores cut into pavement for excavation shall not exceed 18 inches in diameter or 12 inch by 12 inch square.  
Large cores, overlapping cores, or cores closer than 3 feet from one another may be allowed only with the prior 
written approval of the ENGINEER. 


3. Cores shall not be closer than 3 feet for each other, a joint, or any longitudinal or transverse crack greater than 
0.10 inch. 


4. Removed pavement cores shall be marked to ensure replacement will be aligned to original orientation. 
5. Soil shall be removed by air/vacuum or water/vacuum excavation methods to expose pipe or utilities.  The zone of 


the excavation shall be a vertical plane extending below the edges of the core hole, though large enough to 
accommodate the installation of required appurtenances. 


6. Material containing environmentally hazardous components shall be excavated using a specialized HEPA filtration 
system. 


7. The interface between the core and pavement shall be wiped clean prior to replacement. 
8. Where the core is found to be fractured or defective upon removal, or becomes damaged after removal and prior 


to reinstallation, the defective core shall not be used. 
9. Remove excess excavated material from the Work site. 


B. The excavation shall be backfilled with imported granular fill to one foot above the top of the pipe.  The imported 
granular fill shall contain enough moisture to ensure compaction while tamping as specified in SECTION 31 23 23. 


C. Reinstate the keyhole core within one day of cutting the pavement.  Openings allowed to remain open shall be covered 
with an approved steel road plate capable of supporting traffic loads. 


D. CLSM may be used above the imported granular fill to a level 2 inches below the base of the pavement or sidewalk, 
using a vibrator as necessary.  A 2-inch level of pea gravel shall be placed on the CLSM or backfill once it is set.  Pea 
gravel may be tamped by hand.  If no pavement exists, pea gravel shall be placed to the specification of the 
ENGINEER. 


E. Excessive bonding material shall be removed from the restored surface.  Prevent a patched appearance in surface 
restoration. 


F. For installation in a grassy or right-of-way area, replace removed grass core in a manner that promotes the re-
establishment of existing landscape in vicinity. 


3.3 QUALITY CONTROL 
A. Keyhole cores that are damaged or do not meet the surface tolerances shall be removed, disposed of off-site, and a 


matching replacement core installed.  In the case of defective keyhole cores, complete the restoration as specified in 
SECTION 32 12 16 or in accordance with the requirements of the city having jurisdiction to match existing. 


END OF SECTION 
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SECTION 31 23 19 
DEWATERING 


PART 1 GENERAL 
1.1 SUMMARY 


A. Section includes general information and execution for dewatering. 
B. Related Sections: 


1. SECTION 31 23 23 – FILL 
1.2 SUBMITTALS 


A. Shop Drawings: 
1. Dewatering systems. 
2. Water Control Plan; as a minimum, include the following: 


a. Descriptions of proposed groundwater and surface water control facilities including, but not limited to, 
equipment, methods, standby equipment and power supply, pollution control facilities, discharge locations to 
be utilized, and provisions for immediate temporary water supply as required. 


b. Drawings showing the locations, dimensions, and relationships of the elements of each system. 
c. If a system is modified during installation or operation, revise or amend and resubmit the Water Control Plan. 


B. Discharge Permits: 
1. Construction Dewatering – COG070000. 
2. Remediation Activities Discharging To Surface Water – COG315000 (if contamination is known or suspected prior 


to permit application process). 
PART 2 PRODUCTS (NOT USED) 
PART 3 EXECUTION 
3.1 GENERAL 


A. Continuously control water, including during weekends, holidays, and periods of Work stoppages.  Provide adequate 
backup systems to maintain the control of water. 


3.2 PREPARATION 
A. Disposal of Water: 


1. Obtain a discharge permit for water disposal. 
2. Adhere to permit requirements. 
3. Treat the water collected by dewatering operations, as required, prior to discharge. 
4. Discharge water as required by the discharge permit and in a manner that will not cause erosion or flooding or 


otherwise damage existing facilities, completed Work, or adjacent property.  Provide analytical data as required by 
the permit. 


3.3 INSTALLATION 
A. Dewatering Systems: 


1. Provide sufficient size and capacity systems to permit dry excavation and subsequent construction, and to lower 
and maintain the groundwater level a minimum of one foot below the lowest point of excavation. 


2. Continuously maintain excavations free of water, regardless of source, and until backfilled to the final grades 
shown on the Drawings. 


3. Maintain excavation and backfill activities on a surface that is free of standing or running groundwater or surface 
runoff. 


4. Protect excavations from surface runoff. 
5. Design, operate, and maintain dewatering systems to prevent the loss of ground as water is removed.  Avoid 


inducing settlement or damage to existing facilities, completed Work, or an adjacent property; relieve artesian 
pressures and resultant uplift of the excavation bottom. 


6. Ditches and sumps:  Provide as necessary to collect water from local seeps. 
7. If dewatering systems fail during backfilling operations: 


a. Repair or replace the failing components of the system to avoid the saturation of placed material. 
b. If placed material becomes saturated, excavate a 3-foot thick layer of soil from the excavation and replace 


with material as specified in SECTION 31 23 23. 
c. Material excavated under this provision may be reused once dried to the proper moisture content. 


3.4 PROTECTION 
A. Make an assessment of the potential for a dewatering induced settlement. 
B. Provide and operate devices or systems including, but not limited to, reinjection wells, infiltration trenches, and cutoff 


walls necessary to prevent damage to existing facilities, completed Work, and adjacent property. 
C. Securely support existing facilities, completed Work, and adjacent property vulnerable to settlement due to dewatering 


operations. 
D. Support shall include, but not be limited to, bracing, underpinning, or compaction grouting. 


END OF SECTION 
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SECTION 31 23 23 
FILL 


PART 1 GENERAL  
1.1 SUMMARY 


A. Section includes general information, products, and execution for fill. 
B. Related Sections: 


1. SECTION 01 45 16 – MATERIALS TESTING 
2. SECTION 03 30 00 – CAST-IN-PLACE CONCRETE 
3. SECTION 31 23 24 – TRENCH BACKFILL 


1.2 REFERENCES 
A. ASTM International (ASTM): 


1. C 33 – Standard Specification for Concrete Aggregates 
2. D 75 – Standard Practice for Sampling Aggregates 
3. D 422 – Standard Test Method for Particle-Size Analysis of Soils 
4. D 698 – Standard Test Methods for Laboratory Compaction Characteristics of Soil Using Standard Effort (12,400 


ft-lbf/ft3 (600 kN-m/m3)) 
5. D 1556 – Standard Test Method for Density and Unit Weight of Soil in Place by the Sand-Cone Method 
6. D 4253 – Standard Test Methods for Maximum Index Density and Unit Weight of Soils Using a Vibratory Table 
7. D 4254 – Standard Test Methods for Minimum Index Density and Unit Weight of Soils and Calculation of Relative 


Density 
8. D 6938 – Standard Test Method for In-Place Density and Water Content of Soil and Soil-Aggregate by Nuclear 


Methods (Shallow Depth) 
1.3 DEFINITIONS 


A. Compaction: 
1. Ratio, in percent, of as-compacted field dry density to laboratory maximum dry density as determined in 


accordance with ASTM D 698. 
2. Apply corrections for oversize material to as-compacted field dry density or maximum dry density, as determined 


by the ENGINEER. 
B. Optimum Moisture Content:  Moisture content in accordance with ASTM D 698. 
C. Relative Density:  Calculated in accordance with ASTM D 1556 based on the maximum index density determined in 


accordance with ASTM D 4253 and the minimum index density determined in accordance with ASTM D 4254. 
D. Completed Course:  Course or layer ready for the next layer or next phase of Work, free from irregularities with a 


smooth, tight, even surface, true rolling, and cross-section. 
E. Lift:  The loose, uncompacted, layer of material. 
F. Well-Graded:  A good representation of particle sizes from largest to smallest. 
G. Influence Area:  The area within planes sloped downward and outward at a 60 degree angle from horizontal measured 


from 5 feet outside the proposed structure lines as shown on the Drawings. 
H. Borrow Material:  Material from required excavations or from designated borrow areas on or near the site. 
I. Selected Backfill Material:  Materials that may be available on-site that the ENGINEER determines to be suitable for 


specific use. 
J. Imported Material:  Materials obtained from sources off-site that are suitable for specified use. 
K. Structural Fill:  Fill materials as required under and around structures and pavements. 
L. Embankment Material:  Fill materials required to raise existing grade in areas other than under structures and 


pavements. 
M. Fines:  Materials passing No. 200 sieve as determined in accordance with ASTM D 422. 
N. Certified/Certification:  Prepared, stamped, and signed by a Professional Engineer registered in the State of Colorado. 


1.4 SEQUENCING AND SCHEDULING 
A. Backfill against concrete structures only after concrete has attained 100% of design compressive strength as specified 


in SECTION 03 30 00. 
B. Ensure that walls retaining earth are shored, or supporting elements are in place prior to placing backfill. 
C. Backfill around underground structures only after the completion of waterproofing and joint sealant. 


1.5 SUBMITTALS 
A. Samples: 


1. Imported material taken at the source and collected in accordance with ASTM D 75. 
2. Specified material from each source: 30 pounds of each. 
3. Clearly mark to show the source of the materials intended use and include gradation, if applicable. 


B. Quality Control Submittals: 
1. Manufacturer’s data sheets for compaction equipment. 
2. Certified test results and the name and location of the source for each imported material. 
3. Submit a gradation analysis from the production of imported material. 


C. Supplements listed in this Section. 
1.6 QUALITY ASSURANCE 


A. Notify the ENGINEER in writing when: 
1. The foundation excavation and subgrade preparation for foundation has been completed. 
2. The structure is ready for backfilling, and whenever backfilling operations are initiated or resumed after a period of 


inactivity. 
3. Soft or loose subgrade materials are encountered wherever embankment or site fill is to be placed. 
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4. Fill material deviates from the Contract Documents. 
5. Fill is about to be placed on a prepared foundation or when fill operations are resumed after a period of inactivity. 
6. The initial sampling of the imported material source is to be conducted or the importing of material to the site is to 


begin. 
B. Environmental Requirements:  Do not place fill or backfill if fill or backfill material is frozen or if the surface upon which 


fill or backfill is to be placed is frozen. 
PART 2 PRODUCTS 
2.1 MATERIALS 


A. Earthfill: 
1. Suitable for use as backfill and free from rocks larger than 3-inches, from roots and other organic matter, asphalt, 


concrete, ashes, cinders, trash, debris, and other deleterious materials. 
2. Minimum of 50% by dry weight shall pass No. 4 sieve. 
3. Finely divided and free of masses of moist, stiff clays. 


B. CLSM:  As specified in SECTION 31 23 24. 
C. Structural Fill:  CDOT Class 1 Structural Fill. 
D. Aggregate Base Course:  CDOT Class 6. 
E. Foundation Stabilization Rock:  Clean washed, size No. 4 coarse aggregate in accordance with ASTM C 33. 


PART 3 EXECUTION 
3.1 GENERAL 


A. Keep placement surfaces free of water, debris, and foreign material during the placement and compaction of fill and 
backfill materials. 


B. Place and spread fill and backfill materials in horizontal lifts of uniform thickness in a manner that avoids segregation 
and compact each lift to specified densities prior to placing succeeding lifts. 


C. Slope lifts only where necessary to conform to final grades or as necessary to keep placement surfaces drained of 
water. 


D. During filling and backfilling, keep the level of fill and backfill around each structure even on all sides of the structure. 
E. Do not operate earthmoving or compaction equipment other than hand-operated equipment within 5 feet of walls or 


concrete structures for the purpose of depositing or compacting backfill material. 
F. Compact backfill that is adjacent to concrete walls with hand-operated tampers or similar equipment that will not 


damage the structure. 
G. If pipe, conduit, ductbank, or cable is to be laid within fill or backfill: 


1. Fill or backfill to an elevation 2 feet above the top of the item to be laid. 
2. Excavate trench for the installation of the item. 
3. Install bedding, if applicable, as specified in SECTION 31 23 24. 
4. Install item. 
5. Backfill the envelope zone and remaining trench, as specified in SECTION 31 23 24, before resuming the filling or 


backfilling that is specified in this Section. 
H. Tolerances: 


1. Final lines and grades:  Within ± 0.10 foot unless dimensions or grades are shown on the Drawings or specified 
otherwise. 


2. Grade to establish and maintain slopes and drainage as shown on the Drawings. 
3. Reverse slopes are not permitted. 


I. Correct the settlement of fill and backfill material and damage to structures, pavements, curbs, slabs, piping, and other 
facilities that results from Work. 


3.2 PREPARATION 
A. Moisture Control: 


1. During compacting operations, maintain the optimum practicable moisture content required for compaction 
purposes in each lift of fill. 


2. Insofar as practicable, add water to material at the site of excavation. 
3. Supplement, if required, by sprinkling fill. 
4. At the time of compaction, the water content of material shall be at optimum moisture content, ±2%. 
5. Do not attempt to compact fill material that contains excessive moisture. 
6. Remove or rework material that becomes too wet. 
7. Aerate material by blading, discing, harrowing, or other methods to promote the drying process. 


3.3 APPLICATION 
A. Compaction: 


1. Compact materials under and around structures by mechanical means. 
2. If compaction tests indicate that compaction or moisture content does not meet the specified requirements, 


terminate the material placement and take corrective action prior to continued placement. 
3.4 INSTALLATION 


A. Backfill Under Structures: 
1. Backfill to slab or footing bearing elevation: 


a. Structural fill in maximum 8-inch loose lifts. 
b. Compact each lift to a minimum 98% maximum dry density as determined in accordance with ASTM D 6938 


and ASTM D 698. 
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2. Cohesionless structural fill: 
a. Backfill to the slab or footing elevation in maximum 8-inch loose lifts. 
b. Compact each lift to a minimum 80% relative density in accordance with ASTM D 1556, ASTM D 4253, and 


ASTM D 4254, and perform a minimum of 6 passes by vibratory steel drum roller. 
B. Backfill Not Under Structures: 


1. Backfill adjacent to structures: 
a. Backfill retaining and structure walls with structural fill to an elevation within 2 feet of the finished grade and to 


a minimum horizontal distance equal to the depth of the backfill from footing. 
b. The upper 2 feet of backfill over the structural fill shall be of non-structural fill material. 
c. Use granular fill for the remaining backfill. 


2. Place structural fill: 
a. In maximum 8-inch loose lifts. 
b. Compact each lift to a minimum of 95% of maximum dry density as determined in accordance with ASTM D 


6938 and ASTM D 698 or 70% relative density as determined in accordance with ASTM D 1556, 
ASTM D 4253, and ASTM D 4254. 


c. Make an allowance for 6 inches of topsoil surfacing and slope for protection where required. 
3. Place earthfill (including embankment fill): 


a. In areas not designated or specified otherwise. 
b. Deposit material in horizontal loose lifts of a maximum 8 inch depth. 
c. Compact each lift to a minimum of 95% of maximum dry density as determined in accordance with ASTM D 


6938 and ASTM D 698 or 70% relative density as determined in accordance with ASTM D 1556, 
ASTM D 4253, and ASTM D 4254. 


d. Stop backfill at specified grade. 
e. Make an allowance for 6 inches of topsoil surfacing and slope for protection where required. 


3.5 QUALITY CONTROL 
A. General:  As specified in SECTION 01 45 16. 
B. Gradation Tests: 


1. Perform as necessary to locate acceptable sources of imported material. 
2. During the production of imported material, the performance of testing will be dependent upon the consistency of 


material sources. 
3. The ENGINEER may perform to verify submitted material. 


C. Tests: 
1. The ENGINEER will take samples and perform moisture content, gradation, and compaction tests during the 


placement of backfill materials to check compliance with the Contract Documents. 
2. Remove surface material at locations designated by the ENGINEER and provide such assistance as necessary for 


sampling and testing. 
3. The ENGINEER may direct the CONTRACTOR to construct inspection trenches in compacted or consolidated fill 


or backfill to determine compliance with the Contract Documents. 
D. Frequency: 


1. Field and laboratory tests will be made at intervals determined by the ENGINEER on samples of compacted 
material at locations to ascertain that moisture content and density requirements are being met. 


2. Inform the ENGINEER of the progress of Work so tests may be taken in accordance with the schedule. 
3. Each layer of compacted material will be tested for moisture content and density: 


a. As determined by the ENGINEER. 
b. In areas where the ENGINEER is doubtful that compaction is sufficient. 


E. Test Results: 
1. The ENGINEER will expedite laboratory testing so results will be available as soon as possible. 
2. The majority of test results will be available within one day after the initial field testing; however, some test results 


may take as long as 2 days to receive. 
3. Field data will be available immediately after field testing; however, the CONTRACTOR bears the sole 


responsibility for the interpretation of that data. 
4. Any material represented by test results that does not meet the Specification requirements shall be removed or 


reworked in accordance with the Contract Documents immediately upon the receipt of test results. 
5. Costs for reworking material and retesting to meet the Contract Documents shall be at the CONTRACTOR’s sole 


expense. 
3.6 ADJUSTING 


A. Replace excavation carried below grade lines shown on the Drawings or established as follows: 
1. Beneath footings:  Structural fill. 
2. Beneath fill or backfill:  The same material as specified for overlying fill or backfill. 
3. Beneath slabs-on-grade:  Structural fill. 
4. Trenches: 


a. Unauthorized over-excavation:  Trench stabilization material or granular pipe base material, as specified in 
SECTION 31 23 24. 


b. Authorized over-excavation:  Trench stabilization material, as specified in SECTION 31 23 24. 
5. Permanent cut slopes where overlying area is not to receive fill or backfill. 
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B. Site Grading: 
1. Perform earthwork to lines and grade as shown on the Drawings or established by the ENGINEER with proper 


allowance for topsoil as required. 
2. Shape, trim, and finish slopes of channels to conform to the lines, grades, and cross-sections shown on the 


Drawings. 
3. Slopes shall be free of exposed roots and stones that exceed 3-inches in diameter that are loose and liable to fall. 
4. Round the tops of banks to circular curves not less than a 6-foot radius. 
5. Neatly and smoothly trim rounded surfaces. 
6. Neatly blend grading into the surrounding, existing terrain. 
7. Over-excavating and backfilling to proper grade is not acceptable. 
8. Finished site grading is subject to review and approval. 


3.7 SUPPLEMENTS 
A. Site-specific geotechnical reports as part of the Contract Documents. 


END OF SECTION 
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SECTION 31 23 24 
TRENCH BACKFILL 


PART 1 GENERAL  
1.1 SUMMARY 


A. Section includes general information, products, and execution for trench backfill. 
B. Related Sections: 


1. SECTION 31 23 19 – DEWATERING 
2. SECTION 31 23 23 – FILL 


1.2 REFERENCES 
A. ASTM International (ASTM): 


1. C 33 – Standard Specification for Concrete Aggregates 
2. C 94 – Standard Specification for Ready-Mixed Concrete 
3. C 136 – Standard Test Method for Sieve Analysis of Fine and Coarse Aggregates 
4. C 143 – Standard Test Method for Slump of Hydraulic-Cement Concrete 
5. C 150 – Standard Specification for Portland Cement 
6. C 231 – Standard Test Method for Air Content of Freshly Mixed Concrete by the Pressure Method 
7. C 260 – Standard Specification for Air-Entraining Admixtures for Concrete 
8. C 494 – Standard Specification for Chemical Admixtures for Concrete 
9. C 618 – Standard Specification for Coal Fly Ash and Raw or Calcined Natural Pozzolan for Use in Concrete 
10. C 796 – Standard Test Method for Foaming Agents for Use in Producing Cellular Concrete Using Preformed Foam 
11. C 869 – Standard Specification for Foaming Agents Used in Making Preformed Foam for Cellular Concrete 
12. D 698 – Standard Test Methods for Laboratory Compaction Characteristics of Soil Using Standard Effort (12,400 


ft-lbf/ft3 (600 kN-m/m3)) 
13. D 1140 – Standard Test Methods for Amount of Material in Soils Finer than No. 200 (75-μm) Sieve 
14. D 1556 – Standard Test Method for Density and Unit Weight of Soil in Place by the Sand-Cone Method 
15. D 4253 – Standard Test Methods for Maximum Index Density and Unit Weight of Soils Using a Vibratory Table 
16. D 4254 – Standard Test Methods for Minimum Index Density and Unit Weight of Soils and Calculation of Relative 


Density 
17. D 4832 – Standard Test Method for Preparation and Testing of Controlled Low Strength Material (CLSM) Test 


Cylinders 
18. D 6938 – Standard Test Method for In-Place Density and Water Content of Soil and Soil-Aggregate by Nuclear 


Methods (Shallow Depth) 
1.3 DEFINITIONS 


A. Base Rock:  Granular material upon which manhole bases and other structures are placed. 
B. Bedding Material:  Granular material upon which pipes, conduits, cables, or ductbanks are placed. 
C. Compaction:  As specified in SECTION 31 23 23. 
D. Granular Soil:  A free-draining, non-cohesive soil comprised of gravel, sand, silt, and no clay. 
E. Imported Material:  Material obtained from off-site sources. 
F. Lift:  A loose, uncompacted layer of material. 
G. Optimum Moisture Content:  As specified in SECTION 31 23 23. 
H. Pipe Zone:  The backfill zone that includes the full trench width and extends from the prepared trench bottom to the 


upper limit above the top outside surface of the pipe, conduit, cable, or ductbank. 
I. Prepared Trench Bottom:  The graded trench bottom after the stabilization and installation of bedding material. 
J. Relative Density:  As specified in SECTION 31 23 23. 
K. Selected Backfill Material:  Material available on-site that the ENGINEER determines to be suitable for specific use. 
L. Structural Fill:  As specified in SECTION 31 23 23. 
M. Well-Graded:  As specified in SECTION 31 23 23. 


1.4 SUBMITTALS 
A. Samples – 30 pounds of each: 


1. Trench stabilization material. 
2. Bedding and pipe zone material. 
3. Granular drain. 
4. Granular backfill. 
5. Earth backfill. 


B. Quality Control Submittals: 
1. Certified gradation analysis:  Imported materials or anticipated use for excavated materials. 
2. Trench stabilization material as needed. 
3. CLSM:  Certified mix design and test results.  Include material types and weight per cubic yard for each 


component of the mix. 
1.5 QUALITY ASSURANCE 


A. Notify the ENGINEER in writing when: 
1. Backfill is to be placed in the trench or when backfill operations are resumed after a period of inactivity. 
2. Pipe is ready for backfilling and whenever backfilling operations are resumed after a period of inactivity. 
3. Soft or loose subgrade materials are encountered. 
4. Fill material appears to be deviating from the specifications. 
5. The initial sampling of the imported material source is to be conducted or the importing of material to the Work site 


is to begin. 
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1.6 SITE CONDITIONS 
A. Environmental Requirements: 


1. Do not place fill or backfill if fill or backfill material is frozen or if the surface upon which the fill or backfill is to be 
placed is frozen. 


2. Do not place CLSM against frozen ground; protect from freezing until surface moisture has evaporated. 
PART 2 PRODUCTS 
2.1 MATERIALS 


A. Trench Stabilization Rock:  Clean washed, size No. 4 coarse aggregate in accordance with ASTM C 33. 
B. Granular Fill for Pipe Bedding – Bedding Sand (for 24-inch diameter and larger pipe): 


1. Unfrozen, friable, and no clay balls, roots, or other organic material. 
2. Clean or gravelly sand with less than 3% passing No. 200 sieve, in accordance with ASTM D 1140. 
3. Conforming to the following limits when tested by means of laboratory sieves: 


 


Sieve Size Total Passing by Sizes 
(Percentage by Weight) 


3/8-inch 100 
No. 4 70 to 100 
No. 8 36 to 93 
No. 16 20 to 80 
No. 30 8 to 65 
No. 50 2 to 30 
No. 100 1 to 10 
No. 200 0 to 3 


 
C. Granular Fill for Pipe Bedding – Squeegee (for smaller than 24-inch diameter pipe): 


1. Unfrozen, friable, and no clay balls, roots, or other organic material. 
2. Crushed material is not allowed. 
3. Natural rounded particles. 
4. Conforming to following limits when tested by means of laboratory sieves: 


 


Sieve Size Total Passing by Sizes 
(Percentage by Weight) 


3/8-inch 100 
No. 200 0 to 3 


 
D. CLSM – Flow Fill: 


1. General: 
a. Compressive strength between 50 psi and 150 psi at 28 days when tested in accordance with ASTM D 4832. 
b. CLSM placed in pipe zone or in areas that may require future excavation shall have a RE less than 1.5, as 


calculated below. 
c. The maximum lift thickness shall be 24-inches unless otherwise approved by the ENGINEER. 
d. Provide adequate cure time for flow fill lifts before placing subsequent lifts above. 
e. Any damage to pipes, structures, or soil failures caused by too thick of lifts or inadequate cure times shall be 


repaired at the CONTRACTOR’s expense. 
2. Cementitious materials: 


a. Cement:  Type II portland cement in accordance with ASTM C 150. 
b. Fly ash:  Class C or Class F, in accordance with ASTM C 618. 


3. Aggregates: 
a. Fine aggregates:  Grading and quality requirements in accordance with ASTM C 33. 
b. Coarse aggregates:  Grading and quality requirements in accordance with ASTM C 33 for Size No. 57 or 


No. 67. 
4. Water:  In accordance with ASTM C 94. 
5. Admixtures: 


a. Chemical admixtures that do not contain calcium chloride and are in accordance with ASTM C 494 for 
concrete may be used in CLSM mix. 


b. Compatible with cement and other admixtures in batch. 
6. CLSM proportions: 


a. Total cementitious material:  50 lb/cy to 95 lb/cy. 
b. Fly ash by weight:  Maximum 40% of total cementitious materials. 
c. Air-entrained to total air content:  4% to 8%, unless otherwise requested by the ENGINEER in writing. 
d. Minimum slump:  7-inches. 
e. Maximum slump:  10-inches, when tested in accordance with ASTM C 143. 
f. Fine aggregates:  Between 50% and 60% by volume of total aggregates in CLSM mix. 


E. CLSM – Flash Fill: 
1. Flash fill is permitted in the pipe zone and the backfill above the pipe zone. 
2. Flash fill shall not be used as a wearing surface. 
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3. General requirements: 
a. Fly ash shall be in accordance with ASTM C 618, Type C or Type F. 
b. Air-entraining admixtures shall be in accordance with ASTM C 260. 
c. Foaming agents shall be in accordance with ASTM C 869 and ASTM C 796. 


4. Pipe zone: 
a. Compressive strength, 28 day:  50 psi to 150 psi. 
b. RE less than 1.5 when calculated by: 


RE =  W1.5 x 104 x C0.5 
                106 


Where:  W=unit weight in pounds per cubic foot and C=28 day unconfined compressive strength 
c. Maximum air content of 8% as calculated below. 
d. Not air-entrained. 
e. No foaming agent added. 


5. Above pipe zone: 
a. Meeting requirements of the local jurisdiction. 
b. Unconfined compressive strength, 28 day:  50 psi to 150 psi. 
c. RE less than 1.5. 
d. Minimum air content for resistance to frost-heave of 15% when tested in accordance with ASTM C 231 or by 


volumetric calculation using the following equation: 
Air Content = (Unit Weight No Foam – Unit Weight Foamed) x 100% 


           Unit Weight No Foam 
PART 3 EXECUTION 
3.1 GENERAL 


A. Keep the placement surfaces free of water, debris, and foreign material during the placement and compaction of fill and 
backfill materials. 


3.2 PREPARATION 
A. Water Control:  As specified in SECTION 31 23 19. 
B. Remove foreign material and backfill that is contaminated with foreign material that falls into the trench. 
C. Trench Bottom Preparation: 


1. Firm subgrade: 
a. Grade with hand tools. 
b. Remove loose and disturbed material. 
c. Trim off high areas and ridges left by the excavating bucket’s teeth. 
d. Allow space for bedding material. 
e. Compact over-excavated subgrade to a minimum 95% maximum density in accordance with ASTM D 6938 


and ASTM D 698. 
2. Soft subgrade: 


a. Notify the ENGINEER, in writing, if subgrade is encountered that may require removal in order to prevent pipe 
settlement. 


b. The ENGINEER shall determine the depth of over-excavation if required. 
3.3 INSTALLATION 


A. Trench Stabilization Material: 
1. Rebuild trench bottom with trench stabilization material. 
2. Place material over the full width of the trench in 6-inch lifts to the required grade providing allowance for bedding 


thickness. 
3. Compact each lift to provide firm, unyielding support for the bedding material prior to placing succeeding lifts. 


B. Bedding: 
1. Furnish imported bedding material as specified herein. 
2. Place over the full width of the prepared trench bottom in equal lifts no greater than 8-inches when the required 


depth exceeds 8 inches. 
3. Hand grade and compact each lift to provide a firm, unyielding surface. 
4. When not detailed on the Drawings, the minimum thickness shall be: 


a. Pipe, 15-inch diameter and smaller:  4-inches. 
b. Pipe, 18-inch diameter and larger:  6-inches. 


5. Check grade and correct irregularities in the bedding material. 
6. Install to form a continuous and uniform support except at bell holes, if applicable, or minor disturbances resulting 


from the removal of lifting tackle. 
7. Bell or coupling holes:  Excavate in the bedding at each joint to permit the proper assembly and inspection of the 


joint and provide a uniform bearing along the barrel of pipe or conduit. 
C. Backfill in Pipe Zone: 


1. Upper limit of pipe zone:  If not detailed on the Drawings a minimum of 6 inches above the top of the pipe. 
2. Restrain pipe as necessary to prevent movement during backfill operations. 
3. Place material simultaneously in lifts on both sides of the pipe:  Pipes over 10-inches in diameter shall have 


maximum 4 foot lifts. 
4. Compaction – pipes 20-inches and larger in diameter: 


a. After the pipe has been adjusted for line and grade and the joint is made, place the remainder of the pipe zone 
material to the limits shown on the Drawings. 







EFFECTIVE JANUARY 2014 4 SECTION 31 23 24 
  TRENCH BACKFILL 


b. Compact bedding and pipe zone material by water jetting and vibrating to obtain a minimum 70% relative 
density in accordance with ASTM D 1556, ASTM D 4253, and ASTM D 4254. 


c. Take special precautions to prevent flotation of the pipe. 
d. Pipe deflection: 


1) Install bedding and pipe zone material so that total pipe deflection in any direction does not exceed the 
Manufacturer’s specified allowances for pipe, linings, or coatings for metallic pipe, or 4% of nominal 
diameter for PVC or other plastic pipe, whichever is more stringent. 


2) If allowable deflections are exceeded, remove pipe and bedding, replace bedding, and reinstall the pipe 
after the ENGINEER has observed the pipe and determined that no damage to the pipe, linings, or 
coatings has occurred. 


3) Perform removal and reinstallation at no additional expense to the OWNER. 
4) If, in opinion of the ENGINEER, pipe, linings, coatings, or other appurtenances have been damaged due 


to over-deflection, the CONTRACTOR shall replace the damaged pipe, linings, coatings, and 
appurtenances at no additional cost to the OWNER. 


5) Make deflection using a mandrel or other approved means. 
5. Compaction – pipes smaller than 20-inches in diameter: 


a. Tamp each lift, including the area under the haunches, with handheld tamping bars supplemented by walking 
in and slicing material under the haunches with a shovel to ensure voids are completely filled before placing 
each succeeding lift. 


b. Compact material by a minimum of 3 passes with a vibratory plate compactor only over the area between the 
sides of the pipe and trench walls taking care not to damage the pipe. 


c. Do not use power-driven impact compactors to compact the pipe zone material. 
d. For pipe smaller than 20-inches that is installed in the same trench as pipe 20-inch or larger, compact the pipe 


zone material as specified for 20-inch and larger pipe. 
6. Concrete encasement, bedding, and pipe zone: 


a. Discharge from a truck-mounted drum type mixer into trench. 
b. Place material within 3 feet of the desired final location. 
c. Place lifts as necessary to prevent the uplift of new and existing facilities. 
d. Fill the trench section labeled as bedding zone. 
e. Internally vibrate to obtain complete consolidation. 


D. Backfill above Pipe Zone: 
1. General: 


a. Provide earthfill as specified in SECTION 31 23 23. 
b. Processed excavated material may be used. 
c. Adjust the moisture content as necessary to obtain specified compaction. 
d. Do not allow backfill to free fall into the trench or allow heavy, sharp pieces of material to be placed as backfill 


until at least 2 feet of backfill has been provided over the top of the pipe. 
e. Do not use power-driven impact type compactors for compaction until at least 4 feet of backfill is placed over 


the top of the pipe. 
f. Backfill to grade with proper allowances for topsoil, crushed rock surfacing, and pavement thicknesses, 


wherever applicable. 
g. When a trench underlies or is next to structures, backfill around or under structures with the same class 


backfill as specified for the structure, unless otherwise shown on the Drawings or specified; use earthfill in all 
other locations. 


2. Structural fill: 
a. Place structural fill in maximum 8-inch loose lifts. 
b. Mechanically compact each lift to a minimum 95% compaction prior to placing succeeding lifts in accordance 


with ASTM D 6938 and ASTM D 698. 
c. Condition soil to ±2% of optimum moisture. 


3. Limits and compaction:  Backfill the trench to the limits shown on the Drawings or as required by excavation. 
E. CLSM: 


1. Use CLSM as pipe zone or backfill material with approval as required by permit or where specified at no additional 
cost to the OWNER. 


2. Maximum lift thickness:  3-feet. 
3. Place under the pipe from one side and vibrate so it flows under the pipe until it appears on the opposite side. 
4. Deposit equally on both sides of the pipe until it fills the space around the pipe to the desired depth. 
5. Two or more lifts may be required to prevent pipe flotation. 
6. Each lift shall be lightly vibrated or rodded and allowed to attain initial set, approximately 2 hours, before another 


lift is placed. 
7. Allow CLSM to harden for 2 days before placing backfill above pipe zone. 


3.4 RESTORATION 
A. Replacement of Topsoil: 


1. Replace topsoil in the top 6 inches of the backfilled trench. 
2. Maintain the finished grade of topsoil even with adjacent area and grade as necessary to restore drainage. 


B. Maintenance of Trench Backfill: 
1. After each section of trench is backfilled, maintain the surface of the backfilled trench even with adjacent ground 


surface until final surface restoration is completed. 
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2. Gravel surfacing rock: 
a. Add where applicable to keep the surface of the backfilled trench even with the adjacent ground surface. 
b. Grade and compact to keep the surface of backfilled trenches smooth, free from ruts and potholes, and 


suitable for normal traffic flow. 
3. Topsoil:  Add topsoil where applicable to maintain the surface of the backfilled trench level with the adjacent 


ground surface. 
4. Other areas:  Add excavated material where applicable and keep the surface of the backfilled trench level with the 


adjacent ground surface. 
3.5 QUALITY CONTROL 


A. Perform gradation analysis in accordance with ASTM C 136 for: 
1. Earth backfill, including specified classes. 
2. Trench stabilization material:  Bedding and pipe zone material. 


B. General: 
1. Field and laboratory tests will be made by the ENGINEER on samples of compacted material to ensure moisture 


content and density requirements are being met. 
2. Notify the ENGINEER of the progress of Work so tests may be taken in accordance with the schedule. 
3. The ENGINEER shall determine the locations for and frequency of samples. 


C. Test Results: 
1. The majority of test results shall be available within one day after initial field testing; however, some test results 


may take as long as 2 days to receive. 
2. Field data will be available to the CONTRACTOR immediately after field testing; however, the CONTRACTOR 


bears the sole responsibility for interpretation of that data. 
3. Any material represented by test results that does not meet the Specification requirements shall be removed or 


reworked in accordance with the Contract Documents immediately upon the receipt of test results. 
4. Costs for reworking material and retesting to meet the Contract Documents shall be at the CONTRACTOR’s sole 


expense. 
3.6 ADJUSTING 


A. Correct the settlement of fill and backfill material and damage to structures, pavements, curbs, slabs, piping, and other 
facilities that results from Work. 


END OF SECTION 
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SECTION 31 25 00 
EROSION AND SEDIMENTATION CONTROL 


PART 1 GENERAL  
1.1 SUMMARY 


A. Section includes general information and execution for erosion and sedimentation control. 
B. Related Sections: 


1. SECTION 01 50 00 – CONSTRUCTION FACILITIES AND TEMPORARY CONTROLS 
2. SECTION 31 23 19 – DEWATERING 


1.2 REFERENCES 
A. Colorado Department of Transportation (CDOT): 


1. Erosion Control and Storm Water Quality Guide 
B. Urban Drainage and Flood Control District (UDFCD): 


1. Urban Storm Drainage Criteria Manual, Volume 3 – Best Management Practices 
1.3 SUBMITTALS 


A. Shop Drawings: 
1. Gravel gradation for construction entrances; tracking mat. 
2. Storm drain inlet protection. 


B. Quality Control Submittals: 
1. Copies of permit applications. 
2. SWMP. 


1.4 QUALITY ASSURANCE 
A. System Description: 


1. Design requirements:  It is the intent that Work described herein conforms to the Urban Storm Drainage Criteria 
Manual, Volume 3, the Erosion Control and Storm Water Quality Guide, CDPHE, and other jurisdictional 
requirements.  In the event that a conflict occurs, provisions of the referenced Specifications shall control. 


B. Colorado Water Quality Act: 
1. Assume responsibility for: 


a. Preparation of the SWMP for the Work. 
b. Permit application as specified in SECTION 01 50 00. 
c. Receipt of the permit from Colorado Water Quality Control Division. 
d. Conformation to provisions of permit and SWMP requirements. 
e. Annual fee. 
f. Performance of a site inspection at least every 14 days, and after significant precipitation events. 


PART 2 PRODUCTS (NOT USED) 
PART 3 EXECUTION 
3.1 GENERAL 


A. Construction: 
1. Install construction erosion and sedimentation control measures prior to commencing Work. 
2. Plan and execute Work activities to control the surface drainage from earthwork, stockpile areas, and from borrow 


and waste disposal areas to prevent and control erosion and sedimentation, including: 
a. Minimizing the amount of bare soil exposed at any one time. 
b. Protecting disturbed areas as soon as possible. 
c. Limiting the area of disturbance. 
d. Surface roughening. 


3.2 INSTALLATION 
A. Construction Dewatering: 


1. As specified in SECTION 31 23 19. 
2. Do not directly introduce dewatering flows that carry sediment into a flowing body of water, storm sewer, or 


irrigation ditch. 
3. Route dewatering flows to a sediment basin or traps prior to discharge to a body of water. 
4. Protect properties and rights-of-way from sedimentation and erosion due to dewatering flows. 


3.3 PROTECTION 
A. Erosion and Sedimentation Control Measures: 


1. Inspection: 
a. Periodically review erosion and sedimentation control measures for evidence of erosion and sedimentation as 


often as required by applicable standards. 
b. Promptly apply corrective measures to repair existing erosion, clean up existing sediment, and take measures 


to prevent continued erosion and sedimentation. 
c. Conform to the best management practices of applicable regulatory agencies. 


2. Maintenance:  Maintain and modify erosion and sedimentation control measures as required including the 
temporary re-vegetation of stockpiles and soil areas subject to erosion. 


3. Removal: 
a. Remove temporary erosion and sedimentation control measures and legally dispose of them within 30 days 


after final site stabilization is achieved, after erosion and sedimentation control measures are no longer 
required, or as directed by the ENGINEER. 


b. Perform the removal of erosion and sedimentation control measures in a manner as to prevent damage to 
completed Work and re-vegetated areas. 
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c. Repair and stabilize damaged areas to prevent erosion and sedimentation from occurring. 
d. The ENGINEER may direct the CONTRACTOR to leave all or a portion of temporary erosion and 


sedimentation control measures in place until the Final Completion date. 
e. After review and acceptance of the Work, the OWNER shall accept responsibility for subject measures. 


END OF SECTION 
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SECTION 31 37 00 
RIPRAP  


PART 1 GENERAL 
1.1 SUMMARY 


A. Section includes general information, products, and execution for riprap. 
B. Related Sections: 


1. SECTION 31 23 13 – SUBGRADE PREPARATION 
1.2 REFERENCES 


A. ASTM International (ASTM): 
1. C 136 – Standard Test Method for Sieve Analysis of Fine and Coarse Aggregates 
2. C 535 – Standard Test Method for Resistance to Degradation of Large-Size Coarse Aggregate by Abrasion and 


Impact in the Los Angeles Machine 
3. D 7012 – Standard Test Method for Compressive Strength and Elastic Moduli of Intact Rock Core Specimens 


under Varying States of Stress and Temperatures 
B. Colorado Department of Transportation (CDOT): 


1. Standard Specifications for Road and Bridge Construction 
1.3 SCHEDULING AND SEQUENCING 


A. Complete subgrade preparation as specified in SECTION 31 23 13 prior to placing riprap bedding or riprap. 
1.4 SUBMITTALS 


A. Shop Drawings:  The description and location of proposed sources of riprap bedding and riprap. 
B. Quality Control Submittals: 


1. Test results: 
a. Riprap:  Provide certified results prior to importing to the Work site and during production at the request of the 


ENGINEER at least 14 days prior to placement in Work: 
1) Gradation. 
2) Abrasion resistance:  In accordance with ASTM C 535. 
3) Unconfined compressive strength:  In accordance with ASTM D 7012. 


b. Riprap bed course material:  Provide certified results in accordance with ASTM C 136 prior to importing to the 
Work site and during production at the request of the ENGINEER at least 14 days prior to placement in Work. 


2. Qualifications: 
a. A minimum of 3 years of documented experience in the Work of this Section and the documented successful 


completion of 3 projects of similar size using the proposed riprap under similar service conditions. 
b. Approved by the Manufacturer. 


C. Administrative Submittals:  Trip tickets showing the source, type, and weight of each load of material delivered to the 
site. 


1.5 QUALITY ASSURANCE 
A. Riprap Source:  A quarry producing riprap and performing satisfactorily on other projects for a minimum of 3 years. 


PART 2 PRODUCTS 
2.1 MATERIALS 


A. Bed Course Material:  Imported; in accordance with Standard Specifications for Road and Bridge Construction, 
Section 703.07, and free of deleterious materials. 


B. Riprap: 
1. Imported; in accordance with Standard Specifications for Road and Bridge Construction, Section 506.02 for the 


d50 stone size shown on the Drawings. 
2. Import from the same source and similar lithologic rock type and color; recycled concrete rubble or other man-


made materials are not allowed. 
3. Gradation:  Smaller pieces shall generally fill voids between larger pieces without excess or deficiency of one or 


more sizes of stone. 
PART 3 EXECUTION 
3.1 INSTALLATION 


A. Bed Course Material: 
1. Place over the prepared foundation to the lines and grades shown on the Drawings. 
2. No mechanical compaction is required; however, work bedding as necessary to distribute material and eliminate 


detrimental voids; avoid overworking or long pushes that result in the segregation of particle sizes. 
3. Grade the surface free from irregularities and to ±0.2 foot from the established grade. 
4. Place and grade in a manner that avoids subgrade disturbance; do not push material down-slope. 


B. Placing Riprap on Bed Course Material: 
1. In accordance with Section 506.03 of the Standard Specifications for Road and Bridge Construction, except as 


modified herein. 
2. Place to the lines, grades, and thicknesses shown on the Drawings. 


END OF SECTION 
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SECTION 31 50 00 
EXCAVATION SUPPORT AND PROTECTION 


PART 1 GENERAL  
1.1 SUMMARY 


A. Section includes general information and execution for excavation support and protection. 
1.2 SUBMITTALS 


A. Shop Drawings:  Excavation support plan. 
B. Quality Control:  For excavation support plans that require design, provide a plan prepared, stamped, and signed by a 


Professional Engineer registered in the State of Colorado. 
PART 2 PRODUCTS (NOT USED) 
PART 3 EXECUTION 
3.1 GENERAL 


A. Design, provide, and maintain shoring, sheeting, and bracing to support the sides of excavations and to prevent the 
detrimental settlement and lateral movement of existing facilities, adjacent property, and completed Work, and to 
provide an adequate safety system meeting the requirements of applicable state and local construction safety orders 
and federal requirements. 


3.2 PREPARATION 
A. Excavation Support Plan, including: 


1. Details of shoring, sheet piling, bracing, sloping, or other provisions for worker protection from the hazards of 
caving ground. 


2. Design assumptions and calculations. 
3. Methods and sequencing of installing excavation support. 
4. Proposed locations of stockpiled excavated material. 
5. The minimum lateral distance from the crest of slopes for vehicles and stockpiled excavated materials. 
6. Anticipated difficulties and proposed resolutions. 


3.3 APPLICATION 
A. Trenches: 


1. Utilize sheeting and shoring where required to prevent the excessive widening or sloughing of the trench which 
may be detrimental to human safety, to the pipe or structure being installed, to existing utilities, to existing 
structures, existing trees, or to other existing facility or items. 


2. Where excavations are made under severe water conditions, use approved sheet piling instead of sheeting and 
shoring. 


3. Do not use excavated material or place it near the sides of the trench unless the trench is adequately braced. 
3.4 INSTALLATION 


A. Removal of Excavation Support: 
1. Remove excavation support in a manner that will maintain support as the excavation is backfilled and that will not 


leave voids in the backfill. 
2. Do not begin to remove excavation support until it can be removed without damage to the existing facilities, 


completed Work, or adjacent property. 
END OF SECTION 
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SECTION 31 73 00 
TUNNEL GROUTING 


PART 1 GENERAL 
1.1 SUMMARY 


A. Section includes general information, products, and execution for tunnel grouting. 
1.2 REFERENCES 


A. American Petroleum Institute (API): 
1. 13A – Specification for Drilling Fluids Materials 


B. ASTM International (ASTM): 
1. C 144 – Standard Specification for Aggregate for Masonry Mortar 
2. C 150 – Standard Specification for Portland Cement 
3. C 494 – Standard Specification for Chemical Admixtures for Concrete 
4. C 618 – Standard Specification for Coal Fly Ash and Raw or Calcined Natural Pozzolan for Use in Concrete 
5. C 827 – Standard Test Method for Change in Height at Early Ages of Cylindrical Specimens from Cementitious 


Mixtures 
1.3 DEFINITIONS 


A. Contact Grouting:  The controlled injection of fluid grout at the interface between tunnel liner plates or casing pipe and 
the ground. 


1.4 SUBMITTALS 
A. Pre-Construction: 


1. A detailed description of the grouting operation including: 
a. Procedures for monitoring grout placement and controlling pressures. 
b. Grout material and properties. 
c. Grout mix design including fluidizers, accelerators, and other additives. 
d. Grout material properties including density, viscosity, bleeding, shrinkage, expansion, and set time. 
e. Grout Manufacturer’s instruction.  Mixing and installation instructions including data on water volume, 


workability, setting times, and temperatures. 
2. The proposed method of verifying that voids have been successfully grouted. 


B. Construction: 
1. Grout logs; within one day of grouting, submit field logs containing as a minimum: 


a. A description of injection points using stationing along the tunnel and degrees clockwise looking up station 
from the crown. 


b. The volume of grout take at each injection point. 
c. The maximum sustained pressure at each injection point. 
d. Grout time for each hole from beginning to end of injection. 
e. Grout sequence and stages, both longitudinal to and in a cross-section of the tunnel. 
f. Grout equipment and setup including, as a minimum, mixers, pumps, agitators, circulation or deliver circuit, 


and gauges. 
g. Grout mix pumped. 


1.5 QUALITY ASSURANCE 
A. Performance Requirement:  Determine contact grouting equipment, materials, and methods subject to the limitations 


specified herein and elsewhere in the Contract Documents.  Ensure that the tunnel’s final lining, utilities, and other 
facilities are not damaged by contact grouting operations. 


PART 2 PRODUCTS 
2.1 APPROVED MANUFACTURERS 


A. Dry Pack Mortar: 
1. Sika Cooperation, Sika Repair 223 
2. Williams Form Engineering Corporation, Wil-X Cement Grout, mixed with sand 


2.2 MATERIALS 
A. Grout: 


1. Stable colloidal suspension of cement, bentonite, water, fluidifier, and admixtures.  Sand may be added provided 
the grout is demonstrated to have suitable flow characteristics; it may also be used to fill voids at the locations 
specified. 


2. Design the grout mix to achieve the material properties specified, to grout the tunnel and anticipated ground 
conditions, and to be compatible with the grouting equipment. 


3. Adjust the grout mix as necessary to address different tunnel and ground conditions. 
4. Unconfined compressive strength:  Minimum 200 psi at 28 days; minimum 20 psi in one day. 
5. Adjust the water-cementitious ratio of the grout as necessary to fill all voids within the zone of grout influence; 


however, at all times the grout shall have a water-cementitious ratio of between 1:1 and 3:1 by volume and a 
bentonite content of no more than 2%.  No hole shall be completed with a water-cementitious ratio above 1:1 by 
weight. 


6. Grout shall not show shrinkage when tested in accordance with ASTM C 827. 
7. Grout components and the handling and storage of grout components including, but not limited to, cement, fly ash, 


bentonite, pozzolons, admixtures, and water shall be as specified in this Section and as recommended by the 
Manufacturer. 


8. Store bulk cement and fly ash in suitable moisture-proof enclosures.  Cement and fly ash that have become caked 
or lumpy shall not be used. 
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9. Store sand in a manner that prevents segregation and the inclusion of foreign materials.  The bottom 6 inches of 
sand piles in contact with the ground shall not be used. 


B. Cement:  In accordance with ASTM C 150, Type II, with less than one percent retained on the No. 200 sieve. 
C. Fly Ash:  In accordance with ASTM C 618. 
D. Admixtures: 


1. Grout admixtures shall be compounds possessing characteristics which will increase the flowability of the grout 
mixture, assist in dispersal of the cement grains, retard or accelerate the set time, minimize bleed voids in grout, 
and neutralize the setting shrinkage of the grout. 


2. Admixtures shall be in accordance with ASTM C 494 and compatible with grout materials, including other 
admixtures. 


3. Admixtures shall be approved by the ENGINEER prior to use. 
E. Fluidifier: 


1. Fluidifier holds the solid constituents of the grout in colloidal suspension and is compatible with the cement, sand, 
gravel, and water used in the grouting program. 


2. Fluidifier contains an expansive shrinkage compensator.  Fluidifier shall not contain bentonite and other clay-like 
substances. 


3. Approved fluidifiers:  Calcium ligno-sulfonate and sodium ligno-sulfonate. 
4. Storage:  Furnish fluidifier in sealed containers and protect from moisture.  Material that has become caked due to 


moisture adsorption will be rejected. 
F. Dry Pack Mortar:  A specially-proportioned mixture of Type II portland cement, sand, quick-setting admixture, and 


water, or an approved, commercially-manufactured mortar. 
G. Water:  Water used in drilling grout holes and preparing grout shall be potable, clean, and free from sewage, oil, acid, 


alkali, chlorides, salts, organic materials, and other impurities. 
H. Bentonite:  Pulverized or powdered premium grade natural sodium cation bentonite in accordance with API 13A with a 


minimum yield of 90 barrels per ton. 
I. Sand:  In accordance with ASTM C 144. 


2.3 FABRICATION 
A. Grout Ports: Locate 2-inch standard IP threaded pipe half couplings for contact grouting a minimum of every 4 feet 


along the pipeline alternating spring line and top of pipe. 
PART 3 EXECUTION 
3.1 GENERAL 


A. The purpose of contact grouting is to fill voids completely behind tunnel liner plates and casing pipe to result in firm 
contact between the ground and the structural elements of the tunnel. 


3.2 INSTALLATION 
A. Equipment: 


1. Controls and instrumentation: 
a. Grout flow:  At the grout injection point, provide suitable valves and accurate pressure gauges so the pressure 


and grout flow at the grout holes may be monitored and regulated by increasing or decreasing the flow in the 
grout return line. 


b. Volume of grout:  Provide means for accurately determining the amount of grout injected into each hole. 
c. Stop valves:  Provide suitable stop, check, or ball valves at the collar of the hole for use in maintaining 


pressure as required until the grout has set. 
B. Contact Grouting: 


1. Inject contact grout through grout ports in liner plates or casing pipe to fill the annular space between the tunnel 
and the excavated ground. 


2. Grouting behind liner plates shall follow as soon as practicable after liner plates are erected.  At the end of a Work 
shift or when Work is interrupted for any reason, no liner plates shall be left ungrouted.  Grouting shall follow 
progressively with each adjacent set of holes. 


3. Grouting behind casing pipe shall immediately follow the jacking of casing pipe into its final position. 
4. Grouting shall be performed over the entire 360 degree circumference of the tunnel. 
5. Vent air and fluids (e.g., water, grout, and slurry) through the upper holes.  Continue grouting until grout appears in 


the next set of grout holes which shall be kept open during grouting to permit the release of air and water. 
C. Mixing and Injection of Grout: 


1. Grout materials shall be free of lumps when put into the mixer and the grout mix constantly agitated.  Screen grout 
before entering the pump.  Grout shall flow unimpeded and shall completely fill voids.  Grout that has not been 
injected after 90 minutes of mixing shall not be used. 


2. Make connections for injecting grout at each grout fitting of the pipe as shown on the approved Shop Drawings at 
each grout connection.  The injection of grout during any stage of grouting shall be performed continuously, filling 
all spaces and voids, and avoiding the disturbance of grout that has taken initial set.  The grouting process shall be 
operated and controlled so that grout will be delivered uniformly and steadily. 


3. Grouting shall progress from the grout hole in the sequence shown on the approved Shop Drawings. 
4. Maintain grout injection pressure so as not to heave or deform the ground surface or leak grout onto the ground 


surface.  Grout injection pressure shall be determined by the CONTRACTOR but in no case shall pressure exceed 
one psi per vertical foot of over burden cover. 


5. Maintain grout injection pressure so as not to deform liner plates or casing pipe. 
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6. After the grouting of any grout pipe is finished, pressure shall be maintained by means of a ball or check valve or 
other suitable device until the grout has set to the extent that it will be retained in the hole. 


7. After removing the packer or grout pipe, fill any void left with dry pack mortar.  Replace grout plugs in the pipe at 
the completion of grouting.  Dry pack mortar shall be used to fill any recesses. 


3.3 PROTECTION 
A. Take necessary precautions to protect and preserve the interior of the tunnel from damage.  Any damage to the lining 


caused by or occurring during the grouting operations shall be repaired by a method approved by the ENGINEER at no 
additional cost to the OWNER.  Grout spills shall be minimized; clean up shall proceed immediately after grouting. 


3.4 QUALITY CONTROL 
A. Perform all Work in the presence of the ENGINEER.  Provide notification to the ENGINEER, in writing, one day in 


advance of the start of a grouting operation. 
END OF SECTION 
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		31 01 01 - Site Restoration and Cleanup

		PART 1 GENERAL

		1.1 SUMMARY

		A. Section includes general information and execution for site restoration and cleanup.



		1.2 quality assurance

		A. System Description:

		1. Design requirements:  Perform site rehabilitation and restoration as soon as possible after Work activity.







		PART 2 PRODUCTS (NOT USED)

		PART 3 EXECUTION

		3.1 preparation

		A. Dust Prevention:  Give unpaved streets, roads, detours, or haul roads used in the Work area a dust-preventive treatment approved by the OWNER or periodically water to prevent dust.  Follow applicable environmental regulations for dust prevention.



		3.2 Restoration

		A. Keep construction areas clean and orderly.

		B. Stockpile excavated materials in a manner that will cause the least damage to adjacent lawns, grassed areas, agricultural crops, shrubbery, livestock enclosures, driveways, and fences regardless of whether on private property or on public rights-of...

		C. Assume full responsibility for the consequences of excavation and street cuts.  Comply with the requirements of street cut and right-of-way permits.

		D. Replace pavement and damaged curbs and gutters in accordance with asphalt and concrete specifications and permit requirements.  Replace asphalt across trench sections prior to re-opening the street.

		E. Replace damaged driveways to an equal to, or better than, condition.  Saw cut damaged pavement or curbs and gutter as required for replacement.

		F. Re-open existing drainage ditches and culverts and restore the grade and natural drainage as soon as possible after disturbance.  Restore broken or damaged culverts to original condition and location.

		G. Restore existing landscape irrigation and appurtenances to original grade and condition.  Restore sprinklers, piping, and other broken or damaged irrigation structures to original condition and location.

		H. Restore landscaped and grassed areas damaged by construction activities to a condition equal to, or better than, that immediately prior to construction.  Care for restored areas until growth is established.

		I. Restore porous brick pavement to the original grade and condition.

		J. Re-grade, rake, and drag disturbed areas leaving them free from rocks, gravel, clay, or any other foreign material and in suitable condition for re-vegetation upon completion of the pipeline installation.  Remove temporary structures, temporary fen...



		3.3 cleaning

		A. Road Clean-Up During Work:  Thoroughly clean spilled dirt, gravel, or other foreign material caused by the Work operations at the conclusion of each day’s operation.

		B. Prior to the Substantial Completion date, repair damage caused by equipment and leave the site free of debris or excess material of any sort.

		C. Maintain the site, partially finished structures, material stockpiles, and other like areas in a reasonable state of order and cleanliness.

		D. If the CONTRACTOR fails to perform cleanup, it may be performed by the OWNER at the CONTRACTOR’s expense.







		31 10 00 - Site Clearing

		PART 1 GENERAL

		1.1 SUMMARY

		A. Section includes general information and execution for site clearing.



		1.2 site conditions

		A. Obstructions:

		1. The location of some utilities and obstructions may not be shown on the Drawings.

		2. Inspect existing facilities before beginning Work.

		3. Anticipate the removal and replacement of minor obstructions (e.g., electrical conduits, air, gas piping, and water piping) even though they may not be shown on the Drawings or specifically mentioned.

		4. Major obstructions:

		a. Immediately report major obstructions not shown on the Drawings and that could not have been foreseen by visual inspection of the Work site.

		b. The ENGINEER will make the determination for proceeding with Work.

		c. If the ENGINEER finds that an obstruction adversely affects the CONTRACTOR’s costs or the schedule for completion, a proper adjustment to the Contract will be made in accordance with the General Conditions.









		PART 2 PRODUCTS (NOT USED)

		PART 3 EXECUTION

		3.1 preparation

		A. Demolition:

		1. Preserve existing structures encountered during Work until approved for removal.

		2. Repair existing pipes or structures damaged during Work at no cost to the OWNER.

		3. Obtain approval for the removal of abandoned pipes.



		B. Removal and Salvage of Materials:

		1. Carefully remove materials specified to be reused or salvaged so as not to damage the material.

		2. The reuse of salvaged material is not permitted, except as specifically shown on the Drawings.

		3. Existing materials to be removed or replaced that are not specifically designated for salvage shall become the property of the CONTRACTOR.



		C. Clearing Site:

		1. Clear areas within the outline of new structures, paved areas, site fills, and embankments of stumps, shrubs, brush, and other vegetative growth.

		2. Strip material containing roots, grasses, and other deleterious or organic matter generally found in the top 6 inches of undisturbed natural terrain from areas requiring excavation, grading, trenching, and subgrade preparation for foundations and e...

		3. Stockpile and preserve stripped topsoil that is suitable for spreading over finished grades; at the finished grading operation, spread uniformly over areas to be seeded or sodded.

		4. Prior to the Substantial Completion date, the completion of a particular phase of the Work, or the termination of the use of particular area, site, storage yard right-of-way, or easement, promptly and neatly clean up the area and re-establish the g...



		D. Clearing and Grubbing:

		1. The clearing of ground surface in fill areas will be directed by the ENGINEER.

		2. Clear the area to be occupied by permanent construction and the surfaces of borrow pits, stockpiles, and fill areas of trees, stumps, exposed roots, brush, rubbish, and other objectionable matter.



		E. Stripping:  Strip fill areas to a minimum depth of 6 inches or as required to remove surface boulders and loose rock, debris, topsoil, vegetable matter, including stumps and roots, and other perishable and objectionable materials that are unsuitabl...

		F. Disposal:

		1. Remove waste materials from clearing operations from the construction site.

		2. Locate waste piles in areas that will not interfere with the natural flow of stream and drainage channels, construction operations in borrow areas, or the operation of reservoirs.









		31 23 13 - Subgrade Preparation

		PART 1 GENERAL

		1.1 SUMMARY

		A. Section includes general information and execution for subgrade preparation.

		B. Related Sections:

		1. SECTION 01 45 16 – MATERIALS TESTING

		2. SECTION 02 24 19 – SELECTIVE DEMOLITION

		3. SECTION 31 23 16 – EXCAVATION

		4. SECTION 31 23 19 – DEWATERING

		5. SECTION 31 23 23 – FILL





		1.2 REFERENCES

		A. ASTM International (ASTM):

		1. D 698 – Standard Test Methods for Laboratory Compaction Characteristics of Soil Using Standard Effort (12,400 ft-lbf/ft3 (600 kN-m/m3))

		2. D 1556 – Standard Test Method for Density and Unit Weight of Soil in Place by the Sand-Cone Method

		3. D 4253 – Standard Test Methods for Maximum Index Density and Unit Weight of Soils Using a Vibratory Table

		4. D 4254 – Standard Test Methods for Minimum Index Density and Unit Weight of Soils and Calculation of Relative Density

		5. D 6938 – Standard Test Method for In-Place Density and Water Content of Soil and Soil-Aggregate by Nuclear Methods (Shallow Depth)





		1.3 DEFINITIONS

		A. Optimum Moisture Content:  As specified in SECTION 31 23 23.

		B. Prepared Ground Surface:  The surface after the completion of clearing and grubbing, the scalping of sod, the stripping of topsoil, excavation to grade, and the scarification and compaction of subgrade.

		C. Compaction:  As specified in SECTION 31 23 23.

		D. Relative Density:  As specified in SECTION 31 23 23.

		E. Subgrade:  The layer of existing soil after the completion of clearing and grubbing, the scalping of sod, the stripping of topsoil, and excavation to grade prior to the placement of fill or concrete.

		F. Proof-Rolling:  The testing of subgrade by compactive effort to identify areas that will not support future loading without excessive settlement.



		1.4 SEQUENCING AND SCHEDULING

		A. Complete applicable Work as specified in SECTION 02 24 19 and SECTION 31 23 16 prior to subgrade preparation.



		1.5 QUALITY ASSURANCE

		A. Notify the ENGINEER in writing when the subgrade is ready for compaction or proof-rolling or when compaction or proof-rolling is resumed after a period of extended inactivity.



		1.6 site CONDITIONS

		A. Environmental Requirements:  Prepare subgrade when unfrozen and free of ice and snow.





		PART 2 PRODUCts (Not Used)

		PART 3 EXECUTION

		3.1 GENERAL

		A. Keep subgrade free of water, debris, and foreign matter during compaction or proof-rolling.

		B. Bring subgrade to proper grade and cross-section, scarify to a depth of 12 inches, and uniformly compact the surface.

		C. Do not use sections of prepared ground surface as haul roads; protect prepared subgrade from traffic.

		D. Maintain the prepared ground surface in a finished condition until the next course is placed.



		3.2 preparation

		A. Moisture Conditioning:

		1. Dry subgrade:  Add water, then mix to a uniform moisture content throughout.

		2. Wet subgrade:  Aerate material by blading, discing, harrowing, or other methods, to hasten the drying process.



		B. Stabilization:

		1. In the event the subgrade layer at the bottom of the excavation below groundwater level is unstable and exhibits pumping during surface preparation compaction, stabilize subgrade by one of following methods:

		a. Increasing dewatering efforts so groundwater is drawn down further than the minimum level as specified in SECTION 31 23 19.

		b. Placing a layer of foundation stabilization rock as specified in SECTION 31 23 23 and proceeding to backfill.

		c. Placing foundation stabilization rock only if the groundwater level has been drawn down and is insufficient.



		2. Minimum compaction and moisture control requirements apply to the backfill placed regardless of the method used to stabilize the subgrade.





		3.3 installation

		A. Compaction:

		1. Under earthfill:  Compact backfill to a minimum 95% maximum density at ±2% of optimum moisture content in accordance with ASTM D 6938 and ASTM D 698 or 70% relative density in accordance with ASTM D 1556, ASTM D 4253, and ASTM D 4254.

		2. Under sidewalks, pavement, structures, floor slabs on grade, and wall footings: Scarify, moisture condition and compact the upper 12 inches to a minimum of 98% maximum dry density at ±2% of optimum moisture content, in accordance with ASTM D 6938 a...





		3.4 quality control

		A. Remove surface materials at locations designated by the ENGINEER and provide necessary assistance for sampling and testing.

		B. Perform QA/QC testing as specified in SECTION 01 45 16.

		C. Proof-roll subgrade with the same equipment used to compact subgrade to detect soft or loose subgrade or unsuitable material.



		3.5 ADJUSTING

		A. For soft or loose subgrade select one of following methods:

		1. Adjust moisture content and re-compact.

		2. Over-excavate as specified in SECTION 31 23 16 and replace with suitable material from excavation, as specified in SECTION 31 23 23.



		B. Unsuitable Material:  Over-excavate as specified in SECTION 31 23 16 and replace with suitable material from excavation as specified in SECTION 31 23 23.







		31 23 16 - Excavation

		PART 1 GENERAL

		1.1 SUMMARY

		A. Section includes general information and execution for excavation.

		B. Related Sections:

		1. SECTION 31 23 19 – DEWATERING

		2. SECTION 31 50 00 – EXCAVATION SUPPORT AND PROTECTION





		1.2 coordination

		A. Stockpiling Excavated Material:

		1. Stockpile excavated material suitable for use as fill or backfill until it is needed.

		2. Post signage:

		a. Indicate the proposed use of material stockpiled.

		b. Ensure signage is clearly worded and readable by equipment operators from a normal seated position from all directions of approach to each stockpile.



		3. Confine stockpiles within approved areas.

		4. Do not obstruct roads or streets.

		5. Do not stockpile excavated material adjacent to trenches and other excavations unless excavation sideslopes and excavation support systems are designed, constructed, and maintained for stockpile loads.

		6. Do not stockpile excavated materials near or over existing facilities, adjacent property, or completed Work if the weight of stockpiled material could induce settlement.





		1.3 SEQUENCING AND SCHEDULING

		A. Excavation Support:  Install and maintain, as specified in SECTION 31 50 00, to support the sides of excavations and prevent the detrimental settlement and lateral movement of existing facilities, adjacent property, and completed Work.

		B. Dewatering:  As specified in SECTION 31 23 19 prior to initiating excavation.



		1.4 QUALITY ASSURANCE

		A. Provide adequate survey control to avoid unauthorized over-excavation.



		1.5 site CONDITIONS

		A. Environmental Requirements:

		1. Do not use material excavated when frozen or when air temperature is less than 32ºF until material completely thaws.

		2. Do not use material excavated during inclement weather until after the material drains and dries sufficiently for proper compaction.







		PART 2 PRODUCTS (not used)

		PART 3 EXECUTION

		3.1 GENERAL

		A. Excavate to lines, grades, and dimensions shown on the Drawings, and as necessary to accomplish Work.

		B. Excavate to within a tolerance of ±0.1 foot except where dimensions or grades are shown on the Drawings as maximum or minimum.

		C. Allow for forms, working space, granular base, topsoil, and similar items, where applicable.

		D. Trim to neat lines where concrete is to be placed against earth.

		E. Do not over-excavate without the ENGINEER’s written authorization.

		F. Stockpile topsoil removed during excavation that is to be applied after backfill operations.



		3.2 preparation

		A. Trench Excavation:

		1. As shown on the Drawings.  If not shown on the Drawings, excavation shall be:

		a. Minimum width:

		1) Single pipes, conduits, direct-buried cables, and ductbanks:  Greater than 4-inch outside diameter or width:  24 inches greater than the outside diameter or width of pipe, conduit, direct-buried cable, or ductbank.

		2) Multiple pipes, conduits, cables, or ductbanks in a single trench:  24 inches greater than the aggregate width of pipes, conduits, cables, ductbanks, plus space between.

		3) Increase widths by thicknesses of sheeting.

		4) At the bottom and the top of pipe:  Minimum 24 inches plus the outside diameter of pipe and a maximum 36 inches plus the outside diameter of pipe.



		b. Minimum depth:  6 inches below the bottom of pipe or below the bottom of encasement if applicable.



		2. Excavate sides and maintain as vertical as practical.

		3. Excavate as needed outside the normal trench section at field joints for field connection operations.



		B. Embankment and Cut Slopes:

		1. Shape, trim, and finish cut slopes to conform to the lines, grades, and cross-sections shown on the Drawings with proper allowance for topsoil or slope protection where shown on the Drawings.

		2. Remove stones and rock that exceed 3-inches in diameter and that are loose and may roll down the slope.

		3. Remove exposed roots from cut slopes.

		4. Round the tops of cut slopes in the soil to not less than a 6 foot radius, provided such rounding does not extend off-site or outside easements and rights-of-way or adversely impact existing facilities, adjacent property, or completed Work.

		5. Construct berms around the tops of excavations to provide protection from surface runoff entering excavation.



		C. Disposal of Spoil:  Material 3-inches and larger, asphalt, concrete, organic material, and other such unsuitable material for fill or backfill shall be disposed off-site.







		31 23 16.10 - Vacuum Excavation for Keyhole Installation of Appurtenances

		PART 1 GENERAL

		1.1 SUMMARY

		A. Section includes general information, products, and execution for vacuum excavation for keyhole installation of appurtenances.

		B. Related Sections:

		1. SECTION 02 24 19 – SELECTIVE DEMOLITION

		2. SECTION 03 30 00 – Cast-in-Place Concrete

		3. SECTION 31 23 23 – FILL

		4. SECTION 31 23 24 – TRENCH BACKFILL

		5. SECTION 32 12 16 – ASPHALT PAVING





		1.2 references

		A. American Association of State Highway and Transportation Officials (AASHTO):

		1. Standard Specifications for Highway Bridges





		1.3 Definitions

		A. Keyhole Core: The same as core.

		B. Keyhole Coring:  The operation of coring a circular hole through a roadway pavement, sidewalk, other improved area, grassy area, or right-of-way, removing materials from the ground by water or air vacuum excavation method, and disposal.



		1.4 sequencing and scheduling

		A. Provide legal permitting and traffic control pertaining to the Work.



		1.5 Submittals

		A. Product Data:  Manufacturer’s catalog data sheet for bonding material.

		B. Batch information for backfill material as specified in SECTION 03 30 00 and SECTION 31 23 24.

		C. Approved Traffic Control Plan.

		D. Quality Control Submittals:  CONTRACTOR’S experience for installations.

		E. Warranty Documentation:

		1. Sample warranty.

		2. Warranty.





		1.6 QUALITY ASSURANCE

		A. Provide adequate survey control to avoid unauthorized over-excavation.

		B. Vacuum Excavation Qualifications:

		1. A minimum of 3 years of documented experience in the Work of this Section.  The installer shall have personally accomplished 5 or more successful installations.

		2. Approved by the Manufacturer.



		C. Surface Tolerance:

		1. Pavements:  The reinstated core shall be flush and level with the adjacent pavement and in its original orientation.  No gap, attributable to the core, shall be found between the bottom of the straight edge and the surface of the pavement when a st...

		2. Sidewalks:  The reinstated core shall be flush and level with the adjacent pavement.  No gap, attributable to the core, shall be found between the bottom of the straight edge and the surface of the pavement when a straight edge 36-inches long is pl...



		D. A keyhole is considered unacceptable when one of the following conditions exist:

		1. The keyhole core contains any vertical cracks wider than 3/16 inch extending full depth or partial depth through core.

		2. Any deteriorated piece of keyhole core is larger than 10% of the overall area of the keyhole core.

		3. Two or more successive layers of asphalt in the core become horizontally delaminated and cannot be rebounded to each other with the bonding compound.





		1.7 SITE conditions

		A. Do not use material excavated when frozen or when air temperature is less than 32 F until the material completely thaws.

		B. Do not use over-saturated material that will interfere with proper compaction.



		1.8 warranty

		A. Warranty for 3 years from the Substantial Completion date for the satisfactory performance and installation of the vacuum excavation for keyhole installation of appurtenances system and associated appurtenances.





		PART 2 PRODUCTS

		2.1 approved manufacturers

		A. Bonding Material:

		1. Utilicor Technologies, Utilibond





		2.2 MATERIALS

		A. Bonding:  Bonding material shall be a multi-component, super plasticized, cementitious compound, impervious to water penetration after the joint application.  The bonding material shall securely bond the undamaged keyhole core to the pavement or si...

		B. Backfill:

		1. CLSM as specified in SECTION 31 23 24.

		2. Pea gravel and imported granular fill as specified in SECTION 31 23 23.

		3. Granular fill shall be placed one foot above the pipe prior to placement of CLSM.







		PART 3 EXECUTION

		3.1 General

		A. Products shall comply with federal, state, and local requirements.

		B. Provide locates applicable to the area of excavation.

		C. Repair damage to existing utilities or underground appurtenances to the satisfaction of the ENGINEER and other utility representatives at the CONTRACTOR’S sole expense.

		D. Protect facilities exposed during the vacuum excavation operations throughout the Work.  Utilities rendered unsupported due to vacuum excavation shall be temporarily supported by shoring or other means.  Protect the utility form heavy or sharp item...

		E. Excavated material shall be stored by the CONTRACTOR and disposed of as specified in SECTION 02 24 19 and at the CONTRACTOR’S sole expense.



		3.2 Installation

		A. Excavation and Core:

		1. Excavation requires coring a circular hole through the concrete or asphalt surface using drilling/coring equipment and removing the intact pavement core.  The vertical alignment of the coring shall be perpendicular to the horizon and cutting shall ...

		2. Cores cut into pavement for excavation shall not exceed 18 inches in diameter or 12 inch by 12 inch square.  Large cores, overlapping cores, or cores closer than 3 feet from one another may be allowed only with the prior written approval of the ENG...

		3. Cores shall not be closer than 3 feet for each other, a joint, or any longitudinal or transverse crack greater than 0.10 inch.

		4. Removed pavement cores shall be marked to ensure replacement will be aligned to original orientation.

		5. Soil shall be removed by air/vacuum or water/vacuum excavation methods to expose pipe or utilities.  The zone of the excavation shall be a vertical plane extending below the edges of the core hole, though large enough to accommodate the installatio...

		6. Material containing environmentally hazardous components shall be excavated using a specialized HEPA filtration system.

		7. The interface between the core and pavement shall be wiped clean prior to replacement.

		8. Where the core is found to be fractured or defective upon removal, or becomes damaged after removal and prior to reinstallation, the defective core shall not be used.

		9. Remove excess excavated material from the Work site.



		B. The excavation shall be backfilled with imported granular fill to one foot above the top of the pipe.  The imported granular fill shall contain enough moisture to ensure compaction while tamping as specified in SECTION 31 23 23.

		C. Reinstate the keyhole core within one day of cutting the pavement.  Openings allowed to remain open shall be covered with an approved steel road plate capable of supporting traffic loads.

		D. CLSM may be used above the imported granular fill to a level 2 inches below the base of the pavement or sidewalk, using a vibrator as necessary.  A 2-inch level of pea gravel shall be placed on the CLSM or backfill once it is set.  Pea gravel may b...

		E. Excessive bonding material shall be removed from the restored surface.  Prevent a patched appearance in surface restoration.

		F. For installation in a grassy or right-of-way area, replace removed grass core in a manner that promotes the re-establishment of existing landscape in vicinity.



		3.3 Quality Control

		A. Keyhole cores that are damaged or do not meet the surface tolerances shall be removed, disposed of off-site, and a matching replacement core installed.  In the case of defective keyhole cores, complete the restoration as specified in SECTION 32 12 ...







		31 23 19 - Dewatering

		PART 1 GENERAL

		1.1 SUMMARY

		A. Section includes general information and execution for dewatering.

		B. Related Sections:

		1. SECTION 31 23 23 – FILL





		1.2 SUBMITTALS

		A. Shop Drawings:

		1. Dewatering systems.

		2. Water Control Plan; as a minimum, include the following:

		a. Descriptions of proposed groundwater and surface water control facilities including, but not limited to, equipment, methods, standby equipment and power supply, pollution control facilities, discharge locations to be utilized, and provisions for im...

		b. Drawings showing the locations, dimensions, and relationships of the elements of each system.

		c. If a system is modified during installation or operation, revise or amend and resubmit the Water Control Plan.





		B. Discharge Permits:

		1. Construction Dewatering – COG070000.

		2. Remediation Activities Discharging To Surface Water – COG315000 (if contamination is known or suspected prior to permit application process).







		PART 2 PRODUCTS (not used)

		PART 3 EXECUTION

		3.1 GENERAL

		A. Continuously control water, including during weekends, holidays, and periods of Work stoppages.  Provide adequate backup systems to maintain the control of water.



		3.2 preparation

		A. Disposal of Water:

		1. Obtain a discharge permit for water disposal.

		2. Adhere to permit requirements.

		3. Treat the water collected by dewatering operations, as required, prior to discharge.

		4. Discharge water as required by the discharge permit and in a manner that will not cause erosion or flooding or otherwise damage existing facilities, completed Work, or adjacent property.  Provide analytical data as required by the permit.





		3.3 installation

		A. Dewatering Systems:

		1. Provide sufficient size and capacity systems to permit dry excavation and subsequent construction, and to lower and maintain the groundwater level a minimum of one foot below the lowest point of excavation.

		2. Continuously maintain excavations free of water, regardless of source, and until backfilled to the final grades shown on the Drawings.

		3. Maintain excavation and backfill activities on a surface that is free of standing or running groundwater or surface runoff.

		4. Protect excavations from surface runoff.

		5. Design, operate, and maintain dewatering systems to prevent the loss of ground as water is removed.  Avoid inducing settlement or damage to existing facilities, completed Work, or an adjacent property; relieve artesian pressures and resultant uplif...

		6. Ditches and sumps:  Provide as necessary to collect water from local seeps.

		7. If dewatering systems fail during backfilling operations:

		a. Repair or replace the failing components of the system to avoid the saturation of placed material.

		b. If placed material becomes saturated, excavate a 3-foot thick layer of soil from the excavation and replace with material as specified in SECTION 31 23 23.

		c. Material excavated under this provision may be reused once dried to the proper moisture content.







		3.4 PROTECTION

		A. Make an assessment of the potential for a dewatering induced settlement.

		B. Provide and operate devices or systems including, but not limited to, reinjection wells, infiltration trenches, and cutoff walls necessary to prevent damage to existing facilities, completed Work, and adjacent property.

		C. Securely support existing facilities, completed Work, and adjacent property vulnerable to settlement due to dewatering operations.

		D. Support shall include, but not be limited to, bracing, underpinning, or compaction grouting.







		31 23 23 - Fill

		PART 1 GENERAL

		1.1 SUMMARY

		A. Section includes general information, products, and execution for fill.

		B. Related Sections:

		1. SECTION 01 45 16 – MATERIALS TESTING

		2. SECTION 03 30 00 – CAST-IN-PLACE CONCRETE

		3. SECTION 31 23 24 – TRENCH BACKFILL





		1.2 REFERENCES

		A. ASTM International (ASTM):

		1. C 33 – Standard Specification for Concrete Aggregates

		2. D 75 – Standard Practice for Sampling Aggregates

		3. D 422 – Standard Test Method for Particle-Size Analysis of Soils

		4. D 698 – Standard Test Methods for Laboratory Compaction Characteristics of Soil Using Standard Effort (12,400 ft-lbf/ft3 (600 kN-m/m3))

		5. D 1556 – Standard Test Method for Density and Unit Weight of Soil in Place by the Sand-Cone Method

		6. D 4253 – Standard Test Methods for Maximum Index Density and Unit Weight of Soils Using a Vibratory Table

		7. D 4254 – Standard Test Methods for Minimum Index Density and Unit Weight of Soils and Calculation of Relative Density

		8. D 6938 – Standard Test Method for In-Place Density and Water Content of Soil and Soil-Aggregate by Nuclear Methods (Shallow Depth)





		1.3 DEFINITIONS

		A. Compaction:

		1. Ratio, in percent, of as-compacted field dry density to laboratory maximum dry density as determined in accordance with ASTM D 698.

		2. Apply corrections for oversize material to as-compacted field dry density or maximum dry density, as determined by the ENGINEER.



		B. Optimum Moisture Content:  Moisture content in accordance with ASTM D 698.

		C. Relative Density:  Calculated in accordance with ASTM D 1556 based on the maximum index density determined in accordance with ASTM D 4253 and the minimum index density determined in accordance with ASTM D 4254.

		D. Completed Course:  Course or layer ready for the next layer or next phase of Work, free from irregularities with a smooth, tight, even surface, true rolling, and cross-section.

		E. Lift:  The loose, uncompacted, layer of material.

		F. Well-Graded:  A good representation of particle sizes from largest to smallest.

		G. Influence Area:  The area within planes sloped downward and outward at a 60 degree angle from horizontal measured from 5 feet outside the proposed structure lines as shown on the Drawings.

		H. Borrow Material:  Material from required excavations or from designated borrow areas on or near the site.

		I. Selected Backfill Material:  Materials that may be available on-site that the ENGINEER determines to be suitable for specific use.

		J. Imported Material:  Materials obtained from sources off-site that are suitable for specified use.

		K. Structural Fill:  Fill materials as required under and around structures and pavements.

		L. Embankment Material:  Fill materials required to raise existing grade in areas other than under structures and pavements.

		M. Fines:  Materials passing No. 200 sieve as determined in accordance with ASTM D 422.

		N. Certified/Certification:  Prepared, stamped, and signed by a Professional Engineer registered in the State of Colorado.



		1.4 SEQUENCING AND SCHEDULING

		A. Backfill against concrete structures only after concrete has attained 100% of design compressive strength as specified in SECTION 03 30 00.

		B. Ensure that walls retaining earth are shored, or supporting elements are in place prior to placing backfill.

		C. Backfill around underground structures only after the completion of waterproofing and joint sealant.



		1.5 SUBMITTALS

		A. Samples:

		1. Imported material taken at the source and collected in accordance with ASTM D 75.

		2. Specified material from each source: 30 pounds of each.

		3. Clearly mark to show the source of the materials intended use and include gradation, if applicable.



		B. Quality Control Submittals:

		1. Manufacturer’s data sheets for compaction equipment.

		2. Certified test results and the name and location of the source for each imported material.

		3. Submit a gradation analysis from the production of imported material.



		C. Supplements listed in this Section.



		1.6 QUALITY ASSURANCE

		A. Notify the ENGINEER in writing when:

		1. The foundation excavation and subgrade preparation for foundation has been completed.

		2. The structure is ready for backfilling, and whenever backfilling operations are initiated or resumed after a period of inactivity.

		3. Soft or loose subgrade materials are encountered wherever embankment or site fill is to be placed.

		4. Fill material deviates from the Contract Documents.

		5. Fill is about to be placed on a prepared foundation or when fill operations are resumed after a period of inactivity.

		6. The initial sampling of the imported material source is to be conducted or the importing of material to the site is to begin.



		B. Environmental Requirements:  Do not place fill or backfill if fill or backfill material is frozen or if the surface upon which fill or backfill is to be placed is frozen.





		PART 2 PRODUCTS

		2.1 MATERIALS

		A. Earthfill:

		1. Suitable for use as backfill and free from rocks larger than 3-inches, from roots and other organic matter, asphalt, concrete, ashes, cinders, trash, debris, and other deleterious materials.

		2. Minimum of 50% by dry weight shall pass No. 4 sieve.

		3. Finely divided and free of masses of moist, stiff clays.



		B. CLSM:  As specified in SECTION 31 23 24.

		C. Structural Fill:  CDOT Class 1 Structural Fill.

		D. Aggregate Base Course:  CDOT Class 6.

		E. Foundation Stabilization Rock:  Clean washed, size No. 4 coarse aggregate in accordance with ASTM C 33.





		PART 3 EXECUTION

		3.1 GENERAL

		A. Keep placement surfaces free of water, debris, and foreign material during the placement and compaction of fill and backfill materials.

		B. Place and spread fill and backfill materials in horizontal lifts of uniform thickness in a manner that avoids segregation and compact each lift to specified densities prior to placing succeeding lifts.

		C. Slope lifts only where necessary to conform to final grades or as necessary to keep placement surfaces drained of water.

		D. During filling and backfilling, keep the level of fill and backfill around each structure even on all sides of the structure.

		E. Do not operate earthmoving or compaction equipment other than hand-operated equipment within 5 feet of walls or concrete structures for the purpose of depositing or compacting backfill material.

		F. Compact backfill that is adjacent to concrete walls with hand-operated tampers or similar equipment that will not damage the structure.

		G. If pipe, conduit, ductbank, or cable is to be laid within fill or backfill:

		1. Fill or backfill to an elevation 2 feet above the top of the item to be laid.

		2. Excavate trench for the installation of the item.

		3. Install bedding, if applicable, as specified in SECTION 31 23 24.

		4. Install item.

		5. Backfill the envelope zone and remaining trench, as specified in SECTION 31 23 24, before resuming the filling or backfilling that is specified in this Section.



		H. Tolerances:

		1. Final lines and grades:  Within ± 0.10 foot unless dimensions or grades are shown on the Drawings or specified otherwise.

		2. Grade to establish and maintain slopes and drainage as shown on the Drawings.

		3. Reverse slopes are not permitted.



		I. Correct the settlement of fill and backfill material and damage to structures, pavements, curbs, slabs, piping, and other facilities that results from Work.



		3.2 preparation

		A. Moisture Control:

		1. During compacting operations, maintain the optimum practicable moisture content required for compaction purposes in each lift of fill.

		2. Insofar as practicable, add water to material at the site of excavation.

		3. Supplement, if required, by sprinkling fill.

		4. At the time of compaction, the water content of material shall be at optimum moisture content, ±2%.

		5. Do not attempt to compact fill material that contains excessive moisture.

		6. Remove or rework material that becomes too wet.

		7. Aerate material by blading, discing, harrowing, or other methods to promote the drying process.





		3.3 application

		A. Compaction:

		1. Compact materials under and around structures by mechanical means.

		2. If compaction tests indicate that compaction or moisture content does not meet the specified requirements, terminate the material placement and take corrective action prior to continued placement.





		3.4 installation

		A. Backfill Under Structures:

		1. Backfill to slab or footing bearing elevation:

		a. Structural fill in maximum 8-inch loose lifts.

		b. Compact each lift to a minimum 98% maximum dry density as determined in accordance with ASTM D 6938 and ASTM D 698.



		2. Cohesionless structural fill:

		a. Backfill to the slab or footing elevation in maximum 8-inch loose lifts.

		b. Compact each lift to a minimum 80% relative density in accordance with ASTM D 1556, ASTM D 4253, and ASTM D 4254, and perform a minimum of 6 passes by vibratory steel drum roller.





		B. Backfill Not Under Structures:

		1. Backfill adjacent to structures:

		a. Backfill retaining and structure walls with structural fill to an elevation within 2 feet of the finished grade and to a minimum horizontal distance equal to the depth of the backfill from footing.

		b. The upper 2 feet of backfill over the structural fill shall be of non-structural fill material.

		c. Use granular fill for the remaining backfill.



		2. Place structural fill:

		a. In maximum 8-inch loose lifts.

		b. Compact each lift to a minimum of 95% of maximum dry density as determined in accordance with ASTM D 6938 and ASTM D 698 or 70% relative density as determined in accordance with ASTM D 1556, ASTM D 4253, and ASTM D 4254.

		c. Make an allowance for 6 inches of topsoil surfacing and slope for protection where required.



		3. Place earthfill (including embankment fill):

		a. In areas not designated or specified otherwise.

		b. Deposit material in horizontal loose lifts of a maximum 8 inch depth.

		c. Compact each lift to a minimum of 95% of maximum dry density as determined in accordance with ASTM D 6938 and ASTM D 698 or 70% relative density as determined in accordance with ASTM D 1556, ASTM D 4253, and ASTM D 4254.

		d. Stop backfill at specified grade.

		e. Make an allowance for 6 inches of topsoil surfacing and slope for protection where required.







		3.5 QUALITY CONTROL

		A. General:  As specified in SECTION 01 45 16.

		B. Gradation Tests:

		1. Perform as necessary to locate acceptable sources of imported material.

		2. During the production of imported material, the performance of testing will be dependent upon the consistency of material sources.

		3. The ENGINEER may perform to verify submitted material.



		C. Tests:

		1. The ENGINEER will take samples and perform moisture content, gradation, and compaction tests during the placement of backfill materials to check compliance with the Contract Documents.

		2. Remove surface material at locations designated by the ENGINEER and provide such assistance as necessary for sampling and testing.

		3. The ENGINEER may direct the CONTRACTOR to construct inspection trenches in compacted or consolidated fill or backfill to determine compliance with the Contract Documents.



		D. Frequency:

		1. Field and laboratory tests will be made at intervals determined by the ENGINEER on samples of compacted material at locations to ascertain that moisture content and density requirements are being met.

		2. Inform the ENGINEER of the progress of Work so tests may be taken in accordance with the schedule.

		3. Each layer of compacted material will be tested for moisture content and density:

		a. As determined by the ENGINEER.

		b. In areas where the ENGINEER is doubtful that compaction is sufficient.





		E. Test Results:

		1. The ENGINEER will expedite laboratory testing so results will be available as soon as possible.

		2. The majority of test results will be available within one day after the initial field testing; however, some test results may take as long as 2 days to receive.

		3. Field data will be available immediately after field testing; however, the CONTRACTOR bears the sole responsibility for the interpretation of that data.

		4. Any material represented by test results that does not meet the Specification requirements shall be removed or reworked in accordance with the Contract Documents immediately upon the receipt of test results.

		5. Costs for reworking material and retesting to meet the Contract Documents shall be at the CONTRACTOR’s sole expense.





		3.6 ADJUSTING

		A. Replace excavation carried below grade lines shown on the Drawings or established as follows:

		1. Beneath footings:  Structural fill.

		2. Beneath fill or backfill:  The same material as specified for overlying fill or backfill.

		3. Beneath slabs-on-grade:  Structural fill.

		4. Trenches:

		a. Unauthorized over-excavation:  Trench stabilization material or granular pipe base material, as specified in SECTION 31 23 24.

		b. Authorized over-excavation:  Trench stabilization material, as specified in SECTION 31 23 24.



		5. Permanent cut slopes where overlying area is not to receive fill or backfill.



		B. Site Grading:

		1. Perform earthwork to lines and grade as shown on the Drawings or established by the ENGINEER with proper allowance for topsoil as required.

		2. Shape, trim, and finish slopes of channels to conform to the lines, grades, and cross-sections shown on the Drawings.

		3. Slopes shall be free of exposed roots and stones that exceed 3-inches in diameter that are loose and liable to fall.

		4. Round the tops of banks to circular curves not less than a 6-foot radius.

		5. Neatly and smoothly trim rounded surfaces.

		6. Neatly blend grading into the surrounding, existing terrain.

		7. Over-excavating and backfilling to proper grade is not acceptable.

		8. Finished site grading is subject to review and approval.





		3.7 Supplements

		A. Site-specific geotechnical reports as part of the Contract Documents.







		31 23 24 - Trench Backfill

		PART 1 GENERAL

		1.1 SUMMARY

		A. Section includes general information, products, and execution for trench backfill.

		B. Related Sections:

		1. SECTION 31 23 19 – DEWATERING

		2. SECTION 31 23 23 – FILL





		1.2 REFERENCES

		A. ASTM International (ASTM):

		1. C 33 – Standard Specification for Concrete Aggregates

		2. C 94 – Standard Specification for Ready-Mixed Concrete

		3. C 136 – Standard Test Method for Sieve Analysis of Fine and Coarse Aggregates

		4. C 143 – Standard Test Method for Slump of Hydraulic-Cement Concrete

		5. C 150 – Standard Specification for Portland Cement

		6. C 231 – Standard Test Method for Air Content of Freshly Mixed Concrete by the Pressure Method

		7. C 260 – Standard Specification for Air-Entraining Admixtures for Concrete

		8. C 494 – Standard Specification for Chemical Admixtures for Concrete

		9. C 618 – Standard Specification for Coal Fly Ash and Raw or Calcined Natural Pozzolan for Use in Concrete

		10. C 796 – Standard Test Method for Foaming Agents for Use in Producing Cellular Concrete Using Preformed Foam

		11. C 869 – Standard Specification for Foaming Agents Used in Making Preformed Foam for Cellular Concrete

		12. D 698 – Standard Test Methods for Laboratory Compaction Characteristics of Soil Using Standard Effort (12,400 ft-lbf/ft3 (600 kN-m/m3))

		13. D 1140 – Standard Test Methods for Amount of Material in Soils Finer than No. 200 (75-μm) Sieve

		14. D 1556 – Standard Test Method for Density and Unit Weight of Soil in Place by the Sand-Cone Method

		15. D 4253 – Standard Test Methods for Maximum Index Density and Unit Weight of Soils Using a Vibratory Table

		16. D 4254 – Standard Test Methods for Minimum Index Density and Unit Weight of Soils and Calculation of Relative Density

		17. D 4832 – Standard Test Method for Preparation and Testing of Controlled Low Strength Material (CLSM) Test Cylinders

		18. D 6938 – Standard Test Method for In-Place Density and Water Content of Soil and Soil-Aggregate by Nuclear Methods (Shallow Depth)





		1.3 DEFINITIONS

		A. Base Rock:  Granular material upon which manhole bases and other structures are placed.

		B. Bedding Material:  Granular material upon which pipes, conduits, cables, or ductbanks are placed.

		C. Compaction:  As specified in SECTION 31 23 23.

		D. Granular Soil:  A free-draining, non-cohesive soil comprised of gravel, sand, silt, and no clay.

		E. Imported Material:  Material obtained from off-site sources.

		F. Lift:  A loose, uncompacted layer of material.

		G. Optimum Moisture Content:  As specified in SECTION 31 23 23.

		H. Pipe Zone:  The backfill zone that includes the full trench width and extends from the prepared trench bottom to the upper limit above the top outside surface of the pipe, conduit, cable, or ductbank.

		I. Prepared Trench Bottom:  The graded trench bottom after the stabilization and installation of bedding material.

		J. Relative Density:  As specified in SECTION 31 23 23.

		K. Selected Backfill Material:  Material available on-site that the ENGINEER determines to be suitable for specific use.

		L. Structural Fill:  As specified in SECTION 31 23 23.

		M. Well-Graded:  As specified in SECTION 31 23 23.



		1.4 SUBMITTALS

		A. Samples – 30 pounds of each:

		1. Trench stabilization material.

		2. Bedding and pipe zone material.

		3. Granular drain.

		4. Granular backfill.

		5. Earth backfill.



		B. Quality Control Submittals:

		1. Certified gradation analysis:  Imported materials or anticipated use for excavated materials.

		2. Trench stabilization material as needed.

		3. CLSM:  Certified mix design and test results.  Include material types and weight per cubic yard for each component of the mix.





		1.5 QUALITY ASSURANCE

		A. Notify the ENGINEER in writing when:

		1. Backfill is to be placed in the trench or when backfill operations are resumed after a period of inactivity.

		2. Pipe is ready for backfilling and whenever backfilling operations are resumed after a period of inactivity.

		3. Soft or loose subgrade materials are encountered.

		4. Fill material appears to be deviating from the specifications.

		5. The initial sampling of the imported material source is to be conducted or the importing of material to the Work site is to begin.





		1.6 site CONDITIONS

		A. Environmental Requirements:

		1. Do not place fill or backfill if fill or backfill material is frozen or if the surface upon which the fill or backfill is to be placed is frozen.

		2. Do not place CLSM against frozen ground; protect from freezing until surface moisture has evaporated.







		PART 2 PRODUCTS

		2.1 MATERIALS

		A. Trench Stabilization Rock:  Clean washed, size No. 4 coarse aggregate in accordance with ASTM C 33.

		B. Granular Fill for Pipe Bedding – Bedding Sand (for 24-inch diameter and larger pipe):

		1. Unfrozen, friable, and no clay balls, roots, or other organic material.

		2. Clean or gravelly sand with less than 3% passing No. 200 sieve, in accordance with ASTM D 1140.

		3. Conforming to the following limits when tested by means of laboratory sieves:



		C. Granular Fill for Pipe Bedding – Squeegee (for smaller than 24-inch diameter pipe):

		1. Unfrozen, friable, and no clay balls, roots, or other organic material.

		2. Crushed material is not allowed.

		3. Natural rounded particles.

		4. Conforming to following limits when tested by means of laboratory sieves:



		D. CLSM – Flow Fill:

		1. General:

		a. Compressive strength between 50 psi and 150 psi at 28 days when tested in accordance with ASTM D 4832.

		b. CLSM placed in pipe zone or in areas that may require future excavation shall have a RE less than 1.5, as calculated below.

		c. The maximum lift thickness shall be 24-inches unless otherwise approved by the ENGINEER.

		d. Provide adequate cure time for flow fill lifts before placing subsequent lifts above.

		e. Any damage to pipes, structures, or soil failures caused by too thick of lifts or inadequate cure times shall be repaired at the CONTRACTOR’s expense.



		2. Cementitious materials:

		a. Cement:  Type II portland cement in accordance with ASTM C 150.

		b. Fly ash:  Class C or Class F, in accordance with ASTM C 618.



		3. Aggregates:

		a. Fine aggregates:  Grading and quality requirements in accordance with ASTM C 33.

		b. Coarse aggregates:  Grading and quality requirements in accordance with ASTM C 33 for Size No. 57 or No. 67.



		4. Water:  In accordance with ASTM C 94.

		5. Admixtures:

		a. Chemical admixtures that do not contain calcium chloride and are in accordance with ASTM C 494 for concrete may be used in CLSM mix.

		b. Compatible with cement and other admixtures in batch.



		6. CLSM proportions:

		a. Total cementitious material:  50 lb/cy to 95 lb/cy.

		b. Fly ash by weight:  Maximum 40% of total cementitious materials.

		c. Air-entrained to total air content:  4% to 8%, unless otherwise requested by the ENGINEER in writing.

		d. Minimum slump:  7-inches.

		e. Maximum slump:  10-inches, when tested in accordance with ASTM C 143.

		f. Fine aggregates:  Between 50% and 60% by volume of total aggregates in CLSM mix.





		E. CLSM – Flash Fill:

		1. Flash fill is permitted in the pipe zone and the backfill above the pipe zone.

		2. Flash fill shall not be used as a wearing surface.

		3. General requirements:

		a. Fly ash shall be in accordance with ASTM C 618, Type C or Type F.

		b. Air-entraining admixtures shall be in accordance with ASTM C 260.

		c. Foaming agents shall be in accordance with ASTM C 869 and ASTM C 796.



		4. Pipe zone:

		a. Compressive strength, 28 day:  50 psi to 150 psi.

		b. RE less than 1.5 when calculated by:

		Where:  W=unit weight in pounds per cubic foot and C=28 day unconfined compressive strength

		c. Maximum air content of 8% as calculated below.

		d. Not air-entrained.

		e. No foaming agent added.



		5. Above pipe zone:

		a. Meeting requirements of the local jurisdiction.

		b. Unconfined compressive strength, 28 day:  50 psi to 150 psi.

		c. RE less than 1.5.

		d. Minimum air content for resistance to frost-heave of 15% when tested in accordance with ASTM C 231 or by volumetric calculation using the following equation:









		PART 3 EXECUTION

		3.1 GENERAL

		A. Keep the placement surfaces free of water, debris, and foreign material during the placement and compaction of fill and backfill materials.



		3.2 PREPARATION

		A. Water Control:  As specified in SECTION 31 23 19.

		B. Remove foreign material and backfill that is contaminated with foreign material that falls into the trench.

		C. Trench Bottom Preparation:

		1. Firm subgrade:

		a. Grade with hand tools.

		b. Remove loose and disturbed material.

		c. Trim off high areas and ridges left by the excavating bucket’s teeth.

		d. Allow space for bedding material.

		e. Compact over-excavated subgrade to a minimum 95% maximum density in accordance with ASTM D 6938 and ASTM D 698.



		2. Soft subgrade:

		a. Notify the ENGINEER, in writing, if subgrade is encountered that may require removal in order to prevent pipe settlement.

		b. The ENGINEER shall determine the depth of over-excavation if required.







		3.3 INSTALLATION

		A. Trench Stabilization Material:

		1. Rebuild trench bottom with trench stabilization material.

		2. Place material over the full width of the trench in 6-inch lifts to the required grade providing allowance for bedding thickness.

		3. Compact each lift to provide firm, unyielding support for the bedding material prior to placing succeeding lifts.



		B. Bedding:

		1. Furnish imported bedding material as specified herein.

		2. Place over the full width of the prepared trench bottom in equal lifts no greater than 8-inches when the required depth exceeds 8 inches.

		3. Hand grade and compact each lift to provide a firm, unyielding surface.

		4. When not detailed on the Drawings, the minimum thickness shall be:

		a. Pipe, 15-inch diameter and smaller:  4-inches.

		b. Pipe, 18-inch diameter and larger:  6-inches.



		5. Check grade and correct irregularities in the bedding material.

		6. Install to form a continuous and uniform support except at bell holes, if applicable, or minor disturbances resulting from the removal of lifting tackle.

		7. Bell or coupling holes:  Excavate in the bedding at each joint to permit the proper assembly and inspection of the joint and provide a uniform bearing along the barrel of pipe or conduit.



		C. Backfill in Pipe Zone:

		1. Upper limit of pipe zone:  If not detailed on the Drawings a minimum of 6 inches above the top of the pipe.

		2. Restrain pipe as necessary to prevent movement during backfill operations.

		3. Place material simultaneously in lifts on both sides of the pipe:  Pipes over 10-inches in diameter shall have maximum 4 foot lifts.

		4. Compaction – pipes 20-inches and larger in diameter:

		a. After the pipe has been adjusted for line and grade and the joint is made, place the remainder of the pipe zone material to the limits shown on the Drawings.

		b. Compact bedding and pipe zone material by water jetting and vibrating to obtain a minimum 70% relative density in accordance with ASTM D 1556, ASTM D 4253, and ASTM D 4254.

		c. Take special precautions to prevent flotation of the pipe.

		d. Pipe deflection:

		1) Install bedding and pipe zone material so that total pipe deflection in any direction does not exceed the Manufacturer’s specified allowances for pipe, linings, or coatings for metallic pipe, or 4% of nominal diameter for PVC or other plastic pipe,...

		2) If allowable deflections are exceeded, remove pipe and bedding, replace bedding, and reinstall the pipe after the ENGINEER has observed the pipe and determined that no damage to the pipe, linings, or coatings has occurred.

		3) Perform removal and reinstallation at no additional expense to the OWNER.

		4) If, in opinion of the ENGINEER, pipe, linings, coatings, or other appurtenances have been damaged due to over-deflection, the CONTRACTOR shall replace the damaged pipe, linings, coatings, and appurtenances at no additional cost to the OWNER.

		5) Make deflection using a mandrel or other approved means.





		5. Compaction – pipes smaller than 20-inches in diameter:

		a. Tamp each lift, including the area under the haunches, with handheld tamping bars supplemented by walking in and slicing material under the haunches with a shovel to ensure voids are completely filled before placing each succeeding lift.

		b. Compact material by a minimum of 3 passes with a vibratory plate compactor only over the area between the sides of the pipe and trench walls taking care not to damage the pipe.

		c. Do not use power-driven impact compactors to compact the pipe zone material.

		d. For pipe smaller than 20-inches that is installed in the same trench as pipe 20-inch or larger, compact the pipe zone material as specified for 20-inch and larger pipe.



		6. Concrete encasement, bedding, and pipe zone:

		a. Discharge from a truck-mounted drum type mixer into trench.

		b. Place material within 3 feet of the desired final location.

		c. Place lifts as necessary to prevent the uplift of new and existing facilities.

		d. Fill the trench section labeled as bedding zone.

		e. Internally vibrate to obtain complete consolidation.





		D. Backfill above Pipe Zone:

		1. General:

		a. Provide earthfill as specified in SECTION 31 23 23.

		b. Processed excavated material may be used.

		c. Adjust the moisture content as necessary to obtain specified compaction.

		d. Do not allow backfill to free fall into the trench or allow heavy, sharp pieces of material to be placed as backfill until at least 2 feet of backfill has been provided over the top of the pipe.

		e. Do not use power-driven impact type compactors for compaction until at least 4 feet of backfill is placed over the top of the pipe.

		f. Backfill to grade with proper allowances for topsoil, crushed rock surfacing, and pavement thicknesses, wherever applicable.

		g. When a trench underlies or is next to structures, backfill around or under structures with the same class backfill as specified for the structure, unless otherwise shown on the Drawings or specified; use earthfill in all other locations.



		2. Structural fill:

		a. Place structural fill in maximum 8-inch loose lifts.

		b. Mechanically compact each lift to a minimum 95% compaction prior to placing succeeding lifts in accordance with ASTM D 6938 and ASTM D 698.

		c. Condition soil to ±2% of optimum moisture.



		3. Limits and compaction:  Backfill the trench to the limits shown on the Drawings or as required by excavation.



		E. CLSM:

		1. Use CLSM as pipe zone or backfill material with approval as required by permit or where specified at no additional cost to the OWNER.

		2. Maximum lift thickness:  3-feet.

		3. Place under the pipe from one side and vibrate so it flows under the pipe until it appears on the opposite side.

		4. Deposit equally on both sides of the pipe until it fills the space around the pipe to the desired depth.

		5. Two or more lifts may be required to prevent pipe flotation.

		6. Each lift shall be lightly vibrated or rodded and allowed to attain initial set, approximately 2 hours, before another lift is placed.

		7. Allow CLSM to harden for 2 days before placing backfill above pipe zone.





		3.4 restoration

		A. Replacement of Topsoil:

		1. Replace topsoil in the top 6 inches of the backfilled trench.

		2. Maintain the finished grade of topsoil even with adjacent area and grade as necessary to restore drainage.



		B. Maintenance of Trench Backfill:

		1. After each section of trench is backfilled, maintain the surface of the backfilled trench even with adjacent ground surface until final surface restoration is completed.

		2. Gravel surfacing rock:

		a. Add where applicable to keep the surface of the backfilled trench even with the adjacent ground surface.

		b. Grade and compact to keep the surface of backfilled trenches smooth, free from ruts and potholes, and suitable for normal traffic flow.



		3. Topsoil:  Add topsoil where applicable to maintain the surface of the backfilled trench level with the adjacent ground surface.

		4. Other areas:  Add excavated material where applicable and keep the surface of the backfilled trench level with the adjacent ground surface.





		3.5 QUALITY CONTROL

		A. Perform gradation analysis in accordance with ASTM C 136 for:

		1. Earth backfill, including specified classes.

		2. Trench stabilization material:  Bedding and pipe zone material.



		B. General:

		1. Field and laboratory tests will be made by the ENGINEER on samples of compacted material to ensure moisture content and density requirements are being met.

		2. Notify the ENGINEER of the progress of Work so tests may be taken in accordance with the schedule.

		3. The ENGINEER shall determine the locations for and frequency of samples.



		C. Test Results:

		1. The majority of test results shall be available within one day after initial field testing; however, some test results may take as long as 2 days to receive.

		2. Field data will be available to the CONTRACTOR immediately after field testing; however, the CONTRACTOR bears the sole responsibility for interpretation of that data.

		3. Any material represented by test results that does not meet the Specification requirements shall be removed or reworked in accordance with the Contract Documents immediately upon the receipt of test results.

		4. Costs for reworking material and retesting to meet the Contract Documents shall be at the CONTRACTOR’s sole expense.





		3.6 adjusting

		A. Correct the settlement of fill and backfill material and damage to structures, pavements, curbs, slabs, piping, and other facilities that results from Work.







		31 25 00 - Erosion and Sedimentation Control

		PART 1 GENERAL

		1.1 SUMMARY

		A. Section includes general information and execution for erosion and sedimentation control.

		B. Related Sections:

		1. SECTION 01 50 00 – CONSTRUCTION FACILITIES AND TEMPORARY CONTROLS

		2. SECTION 31 23 19 – DEWATERING





		1.2 REFERENCES

		A. Colorado Department of Transportation (CDOT):

		1. Erosion Control and Storm Water Quality Guide



		B. Urban Drainage and Flood Control District (UDFCD):

		1. Urban Storm Drainage Criteria Manual, Volume 3 – Best Management Practices





		1.3 SUBMITTALS

		A. Shop Drawings:

		1. Gravel gradation for construction entrances; tracking mat.

		2. Storm drain inlet protection.



		B. Quality Control Submittals:

		1. Copies of permit applications.

		2. SWMP.





		1.4 quality assurance

		A. System Description:

		1. Design requirements:  It is the intent that Work described herein conforms to the Urban Storm Drainage Criteria Manual, Volume 3, the Erosion Control and Storm Water Quality Guide, CDPHE, and other jurisdictional requirements.  In the event that a ...



		B. Colorado Water Quality Act:

		1. Assume responsibility for:

		a. Preparation of the SWMP for the Work.

		b. Permit application as specified in SECTION 01 50 00.

		c. Receipt of the permit from Colorado Water Quality Control Division.

		d. Conformation to provisions of permit and SWMP requirements.

		e. Annual fee.

		f. Performance of a site inspection at least every 14 days, and after significant precipitation events.









		PART 2 PRODUCTS (not used)

		PART 3 EXECUTION

		3.1 GENERAL

		A. Construction:

		1. Install construction erosion and sedimentation control measures prior to commencing Work.

		2. Plan and execute Work activities to control the surface drainage from earthwork, stockpile areas, and from borrow and waste disposal areas to prevent and control erosion and sedimentation, including:

		a. Minimizing the amount of bare soil exposed at any one time.

		b. Protecting disturbed areas as soon as possible.

		c. Limiting the area of disturbance.

		d. Surface roughening.







		3.2 installation

		A. Construction Dewatering:

		1. As specified in SECTION 31 23 19.

		2. Do not directly introduce dewatering flows that carry sediment into a flowing body of water, storm sewer, or irrigation ditch.

		3. Route dewatering flows to a sediment basin or traps prior to discharge to a body of water.

		4. Protect properties and rights-of-way from sedimentation and erosion due to dewatering flows.





		3.3 protection

		A. Erosion and Sedimentation Control Measures:

		1. Inspection:

		a. Periodically review erosion and sedimentation control measures for evidence of erosion and sedimentation as often as required by applicable standards.

		b. Promptly apply corrective measures to repair existing erosion, clean up existing sediment, and take measures to prevent continued erosion and sedimentation.

		c. Conform to the best management practices of applicable regulatory agencies.



		2. Maintenance:  Maintain and modify erosion and sedimentation control measures as required including the temporary re-vegetation of stockpiles and soil areas subject to erosion.

		3. Removal:

		a. Remove temporary erosion and sedimentation control measures and legally dispose of them within 30 days after final site stabilization is achieved, after erosion and sedimentation control measures are no longer required, or as directed by the ENGINEER.

		b. Perform the removal of erosion and sedimentation control measures in a manner as to prevent damage to completed Work and re-vegetated areas.

		c. Repair and stabilize damaged areas to prevent erosion and sedimentation from occurring.

		d. The ENGINEER may direct the CONTRACTOR to leave all or a portion of temporary erosion and sedimentation control measures in place until the Final Completion date.

		e. After review and acceptance of the Work, the OWNER shall accept responsibility for subject measures.











		31 37 00 - Riprap

		PART 1 GENERAL

		1.1 Summary

		A. Section includes general information, products, and execution for riprap.

		B. Related Sections:

		1. SECTION 31 23 13 – SUBGRADE PREPARATION





		1.2 REFERENCES

		A. ASTM International (ASTM):

		1. C 136 – Standard Test Method for Sieve Analysis of Fine and Coarse Aggregates

		2. C 535 – Standard Test Method for Resistance to Degradation of Large-Size Coarse Aggregate by Abrasion and Impact in the Los Angeles Machine

		3. D 7012 – Standard Test Method for Compressive Strength and Elastic Moduli of Intact Rock Core Specimens under Varying States of Stress and Temperatures



		B. Colorado Department of Transportation (CDOT):

		1. Standard Specifications for Road and Bridge Construction





		1.3 scheduling and SEQUENCING

		A. Complete subgrade preparation as specified in SECTION 31 23 13 prior to placing riprap bedding or riprap.



		1.4 SUBMITTALS

		A. Shop Drawings:  The description and location of proposed sources of riprap bedding and riprap.

		B. Quality Control Submittals:

		1. Test results:

		a. Riprap:  Provide certified results prior to importing to the Work site and during production at the request of the ENGINEER at least 14 days prior to placement in Work:

		1) Gradation.

		2) Abrasion resistance:  In accordance with ASTM C 535.

		3) Unconfined compressive strength:  In accordance with ASTM D 7012.



		b. Riprap bed course material:  Provide certified results in accordance with ASTM C 136 prior to importing to the Work site and during production at the request of the ENGINEER at least 14 days prior to placement in Work.



		2. Qualifications:

		a. A minimum of 3 years of documented experience in the Work of this Section and the documented successful completion of 3 projects of similar size using the proposed riprap under similar service conditions.

		b. Approved by the Manufacturer.





		C. Administrative Submittals:  Trip tickets showing the source, type, and weight of each load of material delivered to the site.



		1.5 QUALITY ASSURANCE

		A. Riprap Source:  A quarry producing riprap and performing satisfactorily on other projects for a minimum of 3 years.





		PART 2 PRODUCTS

		2.1 materials

		A. Bed Course Material:  Imported; in accordance with Standard Specifications for Road and Bridge Construction, Section 703.07, and free of deleterious materials.

		B. Riprap:

		1. Imported; in accordance with Standard Specifications for Road and Bridge Construction, Section 506.02 for the d50 stone size shown on the Drawings.

		2. Import from the same source and similar lithologic rock type and color; recycled concrete rubble or other man-made materials are not allowed.

		3. Gradation:  Smaller pieces shall generally fill voids between larger pieces without excess or deficiency of one or more sizes of stone.







		PART 3 EXECUTION

		3.1 installation

		A. Bed Course Material:

		1. Place over the prepared foundation to the lines and grades shown on the Drawings.

		2. No mechanical compaction is required; however, work bedding as necessary to distribute material and eliminate detrimental voids; avoid overworking or long pushes that result in the segregation of particle sizes.

		3. Grade the surface free from irregularities and to ±0.2 foot from the established grade.

		4. Place and grade in a manner that avoids subgrade disturbance; do not push material down-slope.



		B. Placing Riprap on Bed Course Material:

		1. In accordance with Section 506.03 of the Standard Specifications for Road and Bridge Construction, except as modified herein.

		2. Place to the lines, grades, and thicknesses shown on the Drawings.









		31 50 00 - Excavation Support and Protection

		PART 1 GENERAL

		1.1 SUMMARY

		A. Section includes general information and execution for excavation support and protection.



		1.2 SUBMITTALS

		A. Shop Drawings:  Excavation support plan.

		B. Quality Control:  For excavation support plans that require design, provide a plan prepared, stamped, and signed by a Professional Engineer registered in the State of Colorado.





		PART 2 PRODUCTS (Not Used)

		PART 3 EXECUTION

		3.1 GENERAL

		A. Design, provide, and maintain shoring, sheeting, and bracing to support the sides of excavations and to prevent the detrimental settlement and lateral movement of existing facilities, adjacent property, and completed Work, and to provide an adequat...



		3.2 preparation

		A. Excavation Support Plan, including:

		1. Details of shoring, sheet piling, bracing, sloping, or other provisions for worker protection from the hazards of caving ground.

		2. Design assumptions and calculations.

		3. Methods and sequencing of installing excavation support.

		4. Proposed locations of stockpiled excavated material.

		5. The minimum lateral distance from the crest of slopes for vehicles and stockpiled excavated materials.

		6. Anticipated difficulties and proposed resolutions.





		3.3 application

		A. Trenches:

		1. Utilize sheeting and shoring where required to prevent the excessive widening or sloughing of the trench which may be detrimental to human safety, to the pipe or structure being installed, to existing utilities, to existing structures, existing tre...

		2. Where excavations are made under severe water conditions, use approved sheet piling instead of sheeting and shoring.

		3. Do not use excavated material or place it near the sides of the trench unless the trench is adequately braced.





		3.4 installation

		A. Removal of Excavation Support:

		1. Remove excavation support in a manner that will maintain support as the excavation is backfilled and that will not leave voids in the backfill.

		2. Do not begin to remove excavation support until it can be removed without damage to the existing facilities, completed Work, or adjacent property.









		31 73 00 - Tunnel Grouting

		PART 1 GENERAL

		1.1 SUMMARY

		A. Section includes general information, products, and execution for tunnel grouting.



		1.2 REFERENCEs

		A. American Petroleum Institute (API):

		1. 13A – Specification for Drilling Fluids Materials



		B. ASTM International (ASTM):

		1. C 144 – Standard Specification for Aggregate for Masonry Mortar

		2. C 150 – Standard Specification for Portland Cement

		3. C 494 – Standard Specification for Chemical Admixtures for Concrete

		4. C 618 – Standard Specification for Coal Fly Ash and Raw or Calcined Natural Pozzolan for Use in Concrete

		5. C 827 – Standard Test Method for Change in Height at Early Ages of Cylindrical Specimens from Cementitious Mixtures





		1.3 definitions

		A. Contact Grouting:  The controlled injection of fluid grout at the interface between tunnel liner plates or casing pipe and the ground.



		1.4 SUBMITTALS

		A. Pre-Construction:

		1. A detailed description of the grouting operation including:

		a. Procedures for monitoring grout placement and controlling pressures.

		b. Grout material and properties.

		c. Grout mix design including fluidizers, accelerators, and other additives.

		d. Grout material properties including density, viscosity, bleeding, shrinkage, expansion, and set time.

		e. Grout Manufacturer’s instruction.  Mixing and installation instructions including data on water volume, workability, setting times, and temperatures.



		2. The proposed method of verifying that voids have been successfully grouted.



		B. Construction:

		1. Grout logs; within one day of grouting, submit field logs containing as a minimum:

		a. A description of injection points using stationing along the tunnel and degrees clockwise looking up station from the crown.

		b. The volume of grout take at each injection point.

		c. The maximum sustained pressure at each injection point.

		d. Grout time for each hole from beginning to end of injection.

		e. Grout sequence and stages, both longitudinal to and in a cross-section of the tunnel.

		f. Grout equipment and setup including, as a minimum, mixers, pumps, agitators, circulation or deliver circuit, and gauges.

		g. Grout mix pumped.







		1.5 Quality assurance

		A. Performance Requirement:  Determine contact grouting equipment, materials, and methods subject to the limitations specified herein and elsewhere in the Contract Documents.  Ensure that the tunnel’s final lining, utilities, and other facilities are ...





		PART 2 PRODUCTS

		2.1 approved manufacturers

		A. Dry Pack Mortar:

		1. Sika Cooperation, Sika Repair 223

		2. Williams Form Engineering Corporation, Wil-X Cement Grout, mixed with sand





		2.2 MATERIALS

		A. Grout:

		1. Stable colloidal suspension of cement, bentonite, water, fluidifier, and admixtures.  Sand may be added provided the grout is demonstrated to have suitable flow characteristics; it may also be used to fill voids at the locations specified.

		2. Design the grout mix to achieve the material properties specified, to grout the tunnel and anticipated ground conditions, and to be compatible with the grouting equipment.

		3. Adjust the grout mix as necessary to address different tunnel and ground conditions.

		4. Unconfined compressive strength:  Minimum 200 psi at 28 days; minimum 20 psi in one day.

		5. Adjust the water-cementitious ratio of the grout as necessary to fill all voids within the zone of grout influence; however, at all times the grout shall have a water-cementitious ratio of between 1:1 and 3:1 by volume and a bentonite content of no...

		6. Grout shall not show shrinkage when tested in accordance with ASTM C 827.

		7. Grout components and the handling and storage of grout components including, but not limited to, cement, fly ash, bentonite, pozzolons, admixtures, and water shall be as specified in this Section and as recommended by the Manufacturer.

		8. Store bulk cement and fly ash in suitable moisture-proof enclosures.  Cement and fly ash that have become caked or lumpy shall not be used.

		9. Store sand in a manner that prevents segregation and the inclusion of foreign materials.  The bottom 6 inches of sand piles in contact with the ground shall not be used.



		B. Cement:  In accordance with ASTM C 150, Type II, with less than one percent retained on the No. 200 sieve.

		C. Fly Ash:  In accordance with ASTM C 618.

		D. Admixtures:

		1. Grout admixtures shall be compounds possessing characteristics which will increase the flowability of the grout mixture, assist in dispersal of the cement grains, retard or accelerate the set time, minimize bleed voids in grout, and neutralize the ...

		2. Admixtures shall be in accordance with ASTM C 494 and compatible with grout materials, including other admixtures.

		3. Admixtures shall be approved by the ENGINEER prior to use.



		E. Fluidifier:

		1. Fluidifier holds the solid constituents of the grout in colloidal suspension and is compatible with the cement, sand, gravel, and water used in the grouting program.

		2. Fluidifier contains an expansive shrinkage compensator.  Fluidifier shall not contain bentonite and other clay-like substances.

		3. Approved fluidifiers:  Calcium ligno-sulfonate and sodium ligno-sulfonate.

		4. Storage:  Furnish fluidifier in sealed containers and protect from moisture.  Material that has become caked due to moisture adsorption will be rejected.



		F. Dry Pack Mortar:  A specially-proportioned mixture of Type II portland cement, sand, quick-setting admixture, and water, or an approved, commercially-manufactured mortar.

		G. Water:  Water used in drilling grout holes and preparing grout shall be potable, clean, and free from sewage, oil, acid, alkali, chlorides, salts, organic materials, and other impurities.

		H. Bentonite:  Pulverized or powdered premium grade natural sodium cation bentonite in accordance with API 13A with a minimum yield of 90 barrels per ton.

		I. Sand:  In accordance with ASTM C 144.



		2.3 fabrication

		A. Grout Ports: Locate 2-inch standard IP threaded pipe half couplings for contact grouting a minimum of every 4 feet along the pipeline alternating spring line and top of pipe.





		PART 3 EXECUTION

		3.1 general

		A. The purpose of contact grouting is to fill voids completely behind tunnel liner plates and casing pipe to result in firm contact between the ground and the structural elements of the tunnel.



		3.2 installation

		A. Equipment:

		1. Controls and instrumentation:

		a. Grout flow:  At the grout injection point, provide suitable valves and accurate pressure gauges so the pressure and grout flow at the grout holes may be monitored and regulated by increasing or decreasing the flow in the grout return line.

		b. Volume of grout:  Provide means for accurately determining the amount of grout injected into each hole.

		c. Stop valves:  Provide suitable stop, check, or ball valves at the collar of the hole for use in maintaining pressure as required until the grout has set.





		B. Contact Grouting:

		1. Inject contact grout through grout ports in liner plates or casing pipe to fill the annular space between the tunnel and the excavated ground.

		2. Grouting behind liner plates shall follow as soon as practicable after liner plates are erected.  At the end of a Work shift or when Work is interrupted for any reason, no liner plates shall be left ungrouted.  Grouting shall follow progressively w...

		3. Grouting behind casing pipe shall immediately follow the jacking of casing pipe into its final position.

		4. Grouting shall be performed over the entire 360 degree circumference of the tunnel.

		5. Vent air and fluids (e.g., water, grout, and slurry) through the upper holes.  Continue grouting until grout appears in the next set of grout holes which shall be kept open during grouting to permit the release of air and water.



		C. Mixing and Injection of Grout:

		1. Grout materials shall be free of lumps when put into the mixer and the grout mix constantly agitated.  Screen grout before entering the pump.  Grout shall flow unimpeded and shall completely fill voids.  Grout that has not been injected after 90 mi...

		2. Make connections for injecting grout at each grout fitting of the pipe as shown on the approved Shop Drawings at each grout connection.  The injection of grout during any stage of grouting shall be performed continuously, filling all spaces and voi...

		3. Grouting shall progress from the grout hole in the sequence shown on the approved Shop Drawings.

		4. Maintain grout injection pressure so as not to heave or deform the ground surface or leak grout onto the ground surface.  Grout injection pressure shall be determined by the CONTRACTOR but in no case shall pressure exceed one psi per vertical foot ...

		5. Maintain grout injection pressure so as not to deform liner plates or casing pipe.

		6. After the grouting of any grout pipe is finished, pressure shall be maintained by means of a ball or check valve or other suitable device until the grout has set to the extent that it will be retained in the hole.

		7. After removing the packer or grout pipe, fill any void left with dry pack mortar.  Replace grout plugs in the pipe at the completion of grouting.  Dry pack mortar shall be used to fill any recesses.





		3.3 protection

		A. Take necessary precautions to protect and preserve the interior of the tunnel from damage.  Any damage to the lining caused by or occurring during the grouting operations shall be repaired by a method approved by the ENGINEER at no additional cost ...



		3.4 QUALITY CONTROL

		A. Perform all Work in the presence of the ENGINEER.  Provide notification to the ENGINEER, in writing, one day in advance of the start of a grouting operation.
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SECTION 32 11 23 
AGGREGATE BASE COURSE 


PART 1 GENERAL 
1.1 SUMMARY 


A. Section includes general information, products, and execution for aggregate base course. 
1.2 REFERENCES 


A. American Association of State Highway and Transportation Officials (AASHTO):  
1. M 147 – Standard Specification for Materials for Aggregate and Soil-Aggregate Subbase, Base, and Surface 


Courses 
B. ASTM International (ASTM): 


1. D 698 – Standard Test Methods for Laboratory Compaction Characteristics of Soil Using Standard Effort (12,400 
ft-lbf/ft3 (600 kN-m/m3)) 


C. Colorado Department of Transportation (CDOT): 
1. Standard Specifications for Road and Bridge Construction 


1.3 SUBMITTALS 
A. Samples:  30 pounds of proposed aggregate base course. 
B. Quality Control Submittals:   Laboratory tests. 


PART 2 PRODUCTS 
2.1 MATERIALS 


A. Aggregates: 
1. Aggregates for bases shall meet the grading requirements shown on the Drawings. 
2. Aggregates for bases shall be crushed stone, crushed slag, crushed gravel, or natural gravel in accordance with 


AASHTO M 147, except that ratio requirements for the minus No. 200 sieve fraction to the minus No. 40 sieve 
fraction do not apply. 


3. Requirements for the Los Angeles abrasion test do not apply to Class 1, 2, and 3. 
4. The liquid limit shall be as shown in Table 1; the plasticity index shall not exceed 6.0. 
5. In accordance with the Standard Specifications for Road and Bridge Construction. 


B. Gradations: 
 


Table 1 


Sieve 
Designation 


Percentage by Weight 
Passing Square Mesh Sieves 


LL < 30 
Class 6 


4-inch -- 
3-inch -- 


2 1/2-inch -- 
2-inch -- 


1 1/2-inch -- 
1-inch -- 


3/4-inch 100 
No. 4 30 to 65 
No. 8 25 to 55 


No. 200 3 to 12 
 


C. The use of recycled concrete for aggregate base course is not acceptable. 
D. For pavement, curb and gutter, and sidewalks within the right-of-way, meet the more stringent requirements of the 


jurisdiction having authority and this Section. 
PART 3 EXECUTION 
3.1 PREPARATION  


A. Foundation: 
1. The foundation shall be considered to be the finished earth subgrade, subbase course, or base course upon 


which any subbase, base, or surface course is to be constructed. 
2. Preparation shall consist of the Work necessary to restore, correct, strengthen, or prepare the foundation to a 


condition suitable for applying and supporting the intended course. 
3. Aggregate base course for roads, parking areas, sidewalks, and slabs on grade: 


a. The top 6 inches of topsoil shall be stripped within the area to be aggregate surfaced. 
b. Following the stripping of the topsoil, the upper 12 inches of subgrade shall be scarified and compacted to a 


minimum of 98% compaction in accordance with ASTM D 698. 
c. On-site material may be used for compacted fill for aggregate base course if approved by the ENGINEER. 
d. Fill shall be placed within 2% of optimum moisture content and compacted to a minimum of 98% compaction 


in accordance with ASTM D 698. 
4. The foundation shall be prepared and constructed to have a uniform density.  It shall be brought to the required 


alignment and cross-section with equipment and methods adapted for that purpose.  Upon completion of shaping 
and compacting operations, the foundation shall be smooth, at the required density, and at the proper elevation 
and contour to receive aggregate base course. 
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5. Holes, ruts, and other depressions in the foundation shall be filled with materials similar to those existing in the 
foundation.  High places shall be excavated and removed to the required line, grade, and section. 


6. Areas of yielding or unstable material shall be excavated and backfilled with stabilization rock as determined by 
the ENGINEER.  Base course material shall not be placed on a foundation that is soft, spongy, or covered by ice 
or snow.  Base course shall not be placed on a dry or dusty foundation where the existing condition would cause 
rapid dissipation of moisture from the base course material and hinder or preclude its proper compaction.  Apply 
water to dry foundations and rework and compact as necessary. 


7. The ENGINEER will direct the CONTRACTOR to make minor adjustments in the finish grade from that shown on 
the Drawings as may be necessary or desirable to maintain the characteristics of a stabilized foundation by 
minimizing the amount of cutting into or filling. 


B. Earth Subgrade: 
1. When the foundation is an earth subgrade it shall be prepared by removing vegetation, excavating and removing 


materials, filling depressions, scarifying, shaping, moisture content, and smoothing and compacting to meet the 
required grade, section, moisture content, and density. 


2. Stones greater than 3-inches shall be removed. 
3.2 INSTALLATION 


A. Aggregate base course shall be constructed to the width and section shown on the Drawings. 
B. The maximum compacted thickness of a layer shall not exceed 8-inches. 
C. Each layer shall be constructed as far in advance of the successive layer as directed by the ENGINEER.  The Work 


shall proceed from the point nearest the point of supply of aggregate so that hauling equipment travels over the 
previously placed material.  Hauling equipment shall be routed as uniformly as possible over portions of the previously 
constructed courses or layers of the base course. 


D. The material shall be deposited on the soil foundation or on the previously placed layer in a manner that minimizes 
segregation and facilitates spreading to a uniform layer of the required section.  In the event that blending of materials 
is necessary to provide the required gradation and properties of the material, and is done in the roadway, the same 
shall be accomplished by mixing aggregate and blending material by means of blade graders, discs, harrows, or other 
equipment to effect a uniform distribution and gradation throughout the finished mixture.  Excessive mixing and 
grading that causes segregation between the course and fine materials is prohibited. 


E. Equipment: 
1. Equipment shall be capable of performing the Work required by this Section.  Inadequate equipment shall be 


replaced or supplemented. 
2. Improperly used equipment shall be cause for rejection of Work if, in the opinion of the ENGINEER, the Work fails 


to meet the requirements of this Section. 
3. Equipment used for compaction shall be the rolling type, the vibratory type, or a combination thereof and be of 


sufficient capacity to meet the compaction requirements herein. 
F. Compaction: 


1. After a layer or course is placed and spread to the required thickness, width, and contour, it shall be compacted.  
If the material is too dry to readily attain the required density, it shall be uniformly moistened to the degree 
necessary for proper compaction. 


2. Compaction of each layer shall continue until the required density listed herein is reached.  The surface of each 
layer shall be maintained during compaction operations in such a manner that a uniform texture is produced and 
aggregates are firmly keyed. 


3. In areas where proper compaction is not obtainable due to the segregation of materials, excess fines, or other 
deficiencies in aggregate, it shall be reworked as necessary or the material shall be removed and replaced with 
aggregates as specified in this Section. 


4. The surface of each layer shall be kept true and smooth. 
G. Mixing: 


1. Mix aggregate by one of the following methods: 
a. Stationary plant method: 


1) Aggregate base course and water shall be mixed in an approved mixer. 
2) After mixing, the aggregate shall be transported to the Work site while it contains the proper moisture 


content.  It shall then be placed on the roadbed by means of an approved spreader. 
b. Travel plant method:  After the material for each layer has been placed through an aggregate spreader or 


window-sizing device, it shall be uniformly mixed by a traveling mixing plant. 
c. Road mix method:  After material for each layer has been placed, it shall be mixed while at optimum moisture 


content by motor graders or other approved equipment until uniform. 
END OF SECTION 
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SECTION 32 12 16 
ASPHALT PAVING  


PART 1 GENERAL 
1.1 SUMMARY 


A. Section includes general information, products, and execution for asphalt paving. 
1.2 REFERENCES 


A. American Association of State Highway and Transportation Officials (AASHTO): 
1. M 208 – Standard Specification for Cationic Emulsified Asphalt 
2. M 226 – Standard Specification for Viscosity-Graded Asphalt Cement 
3. T 90 – Standard Method of Test for Determining the Plastic Limit and Plasticity Index of Soils 
4. T 96 – Standard Method of Test for Resistance to Degradation of Small-Size Course Aggregate by Abrasion and 


Impact in the Los Angeles Machine 
5. T 182 – Standard Method of Test for Coating and Stripping of Bitumen-Aggregate Mixtures 
6. T 195 – EN-Standard Method of Test for Determining Degree of Particle Coating of Asphalt Mixtures 
7. T 209 – Theoretical Maximum Specific Gravity and Density of Bituminous Paving Mixtures 


B. Colorado Department of Transportation (CDOT): 
1. Colorado Procedure 41 
2. Colorado Procedure 44 
3. Colorado Procedure 81 
4. Standard Specifications for Road and Bridge Construction 


1.3 SUBMITTALS 
A. Quality Control Submittals: 


1. Certificates of compliance for the following materials: 
a. Aggregate:  Gradation. 
b. Asphalt for binder:  Type and grade. 
c. Prime coat:  Type and grade of asphalt. 
d. Tack coat:  Type and grade of asphalt. 
e. Mixes:  Conforms to job-mix formula. 


2. Test results: 
a. Mix design: 


1) Aggregate gradation. 
2) Asphalt content. 
3) Stability number. 


b. Asphalt concrete cores: 
1) Permeability. 
2) Density. 


c. Uncompacted mix: 
1) Asphalt content. 
2) Aggregate gradation. 


d. Asphalt cement for binder. 
1.4 QUALITY ASSURANCE 


A. Materials and installation shall be in accordance with the Standard Specifications for Road and Bridge Construction. 
B. Local Jurisdiction Requirements: 


1. Paving requirements shall be in accordance with the authority having jurisdiction. 
2. Jurisdictional requirements shall govern when in conflict with the Contract Documents. 
3. The guidelines herein are provided to assist the CONTRACTOR in understanding specific requirements of the 


local jurisdiction; however, it is the CONTRACTOR’s responsibility to confirm these requirements. 
1.5 SITE CONDITIONS 


A. Bituminous plant mix shall be placed only on properly constructed surfaces that are free from water, snow, and ice.  
The mixtures shall be placed in accordance with the temperature limitations of the following table and only when 
weather conditions permit the pavement to be properly placed and finished as determined by the ENGINEER: 


 
Placement Temperature Limitations 


Compacted Layer 
Thickness (T) 


(Inches) 


Air and Surface Temperature 
Minimum (°F) 


Top Layer of 
Pavement 


Layers Below 
Top Layer 


T ≤ 1 60 50 
1 < T ≤ 3 50 40 


T > 3 -- 30 
 


1. Air temperature is taken in the shade. 
2. Surface is defined as the existing base on which the new pavement is to be placed. 
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PART 2 PRODUCTS 
2.1 MATERIALS 


A. Hot Bituminous Asphalt: 
1. Aggregate: 


a. Mineral aggregates for hot plant mix bituminous pavement shall be of uniform quality and composed of clean, 
hard, durable particles of crushed stone, crushed gravel, natural gravel, or crushed slag. 


b. Excess fine material shall be wasted before crushing. 
c. Natural sand is unprocessed, naturally occurring fine aggregate composed mostly of round particles. 
d. Aggregates shall be non-plastic when tested in accordance with AASHTO T 90. 
e. Reclaimed material shall be of uniform quality.  The maximum size of the reclaimed asphalt pavement shall 


be 1 1/2-inches prior to introduction to the mixer.  The maximum aggregate size contained in the combination 
of reclaimed asphalt pavement and new aggregate shall not exceed the maximum specified in the gradation 
specifications.  HBP shall not contain more than 30% reclaimed asphalt pavement. 


f. Material shall not contain clay balls, vegetable matter, or other deleterious substances. 
g. Aggregate for Gradings S, SX, and SG shall have no more than 45% wear when tested in accordance with 


AASHTO T 96. 
2. Aggregate for cover coat material: 


a. Crushed stone, crushed slag, crushed gravel, or natural gravel. 
b. Composed of clean, tough, durable fragments free from an excess of flat, elongated, soft, or disintegrated 


pieces, and free from fragments coated with dirt or other objectionable matter.  Slag shall be air-cooled, blast-
furnace slag reasonably uniform in density. 


c. Aggregate for Grading SX, used as cover coat material, shall have a percentage of wear no more than 35% 
when tested in accordance with AASHTO T 96.  The material shall not contain clay balls, vegetable matter, or 
other deleterious substances.  Excess of fine material shall be wasted before crushing. 


d. Only one type of aggregate shall be used on the Project. 
e. When tested in accordance with AASHTO T 182, aggregate shall have retained bituminous film above 95%.  


To meet this requirement, an approved additive may be added to the mix. 
3. Grading and combining aggregates: 


a. Grade and combine aggregates in proportions wherein the resulting composite blend meets the requirements 
of the formula for the Work. 


b. Gradation, with the allowable tolerances, shall be as designated in the table below (i.e., Section 703.04 of the 
Standard Specifications for Road and Bridge Construction). 


 
Master Range Table for HBP 


Sieve Size or 
Designation 


Percent by Weight Passing Square Mesh Sieves 
Grading 


G S SX SG E 
1 1/2-inch 100 -- -- -- -- 
3/4-inch 63 to 85 100 -- 100 100 
1/2-inch 46 to 78 70 to 95 100 -- -- 
3/8-inch -- 60 to 88 74 to 95 -- -- 


No. 4 22 to 54 44 to 72 50 to 78 -- 44 to 72 
No. 8 13 to 43 30 to 58 32 to 60 45 to 85 30 to 58 


No. 30 4 to 22 12 to 34 12 to 34 -- -- 
No. 200 1 to 8 3 to 9 3 to 9 7 to 13 3 to 12 


 
4. Liquid asphaltic materials:  Hot liquid asphalt in accordance with AASHTO M 226, Table 1, viscosity Grade AC-10. 
5. Composition of mixtures: 


a. The plant mixed material may be accepted at the discharge point of the plant or behind the lay down 
machine. 


b. The formula for each mixture shall be in effect unless modified in writing by the ENGINEER.  It shall establish 
a single percentage of aggregate passing each required sieve size, a single percentage of bituminous 
material to be added to the aggregate, and a single temperature for the mixture at the discharge point of the 
plant. 
1) Base course:  Optimum asphalt content. 
2) Wearing course:  Optimum asphalt content +1%. 


6. Mixing: 
a. Combine the aggregates in the mixer in the amount of each fraction of aggregates required to meet the 


formula. 
b. The bituminous material shall be measured or gauged and introduced into the mixer in the amount specified. 
c. After the required amounts of aggregate and bituminous material are introduced into the mixer, mix the 


materials until a complete and uniform coating of the particles is obtained. 
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d. The recommended mixture temperature at the mixer discharge (for pugmill or dryer-drum) shall be as shown 
in Column 1 for the grade of asphalt being used, except as otherwise provided in this Section: 


 
Asphalt Grade Column 1 Column 2 
Temperature Job-Mix Temp. (°F) Minimum Job-Mix (°F) 


AC-10 280 245 
 


e. Upon approval, the CONTRACTOR may select a temperature below that shown in Column 1, but no lower 
than that shown in Column 2, provided adequate mixing at the discharge point is demonstrated and achieves 
specified compaction on the roadway.  For a lower mixing temperature to be approved, at least 95% of the 
aggregate particles shall be coated when tested in accordance with AASHTO T 195.  Sampling for adequacy 
of mixing shall be in accordance with Colorado Procedure 41.  Adequacy of mixing will be determined visually 
for mixtures containing less than 20% plus No. 4 sieve size particles and the temperature established 
accordingly. 


f. The mixture shall not be delivered for use at a temperature lower than 30°F below the temperature shown in 
Column 2 for the grade of asphalt being used. 


B. Tack Coat:  Emulsified asphalt shall be Grade CSS-1h and in accordance with AASHTO M 208, except the penetration 
requirements of the residue shall be 40% to 120%. 


PART 3 EXECUTION 
3.1 GENERAL 


A. Provide the labor, materials, and equipment required to complete Work. 
B. Grading SX shall be used unless otherwise shown on the Drawings or as required by the authority having jurisdiction. 


3.2 PREPARATION 
A. Asphalt Removal: 


1. Asphalt shall be saw cut or removed with pneumatic chisels for full depth leaving the remaining asphalt with a 
straight, vertical edge. 


2. Any asphalt to remain that is loosened or damaged by the CONTRACTOR shall be removed and replaced at the 
CONTRACTOR's expense. 


3. Removed asphalt shall be disposed of legally and in a responsible manner. 
3.3 INSTALLATION 


A. Tack Coat: 
1. Preparation: 


a. Surface preparation shall include work necessary to provide a smooth, dry, uniform surface.  Work shall 
include patching, brooming, shaping to the required grade and section, and compaction and removal of 
unstable corrugated areas. 


b. The edges of existing pavements to be adjacent to new pavement or overlays shall be cleaned to permit the 
adhesion of bituminous materials. 


c. Existing edges to be matched shall be cut. 
2. Application: 


a. Bituminous material shall be applied by a pressure distributor in a uniform and continuous spread.  Care shall 
be taken so the application of bituminous material at the junctions of spreads is not in excess of the quantity.  
Excess material shall be removed or distributed as directed.  Skipped areas or deficiencies shall be 
corrected.  Bituminous material shall not be placed on any surface where traffic will travel on freshly applied 
material. 


b. Unless otherwise shown on the Drawings, asphalt shall be applied at a minimum rate of 0.10 gallon per 
square yard.  Do not place more tack coat than is necessary for the day's operation.  Traffic not essential to 
the Work shall be kept off the tack coat. 


B. Spreading and Finishing: 
1. The mixture shall be laid upon the approved surface, spread, and struck off to the grade and elevation 


established. 
2. The bituminous mixture, if not spread with a bituminous paver, may be spread, raked, and luted with hand tools.  


For such areas, the mixture shall be dumped, spread, and screeded to give the required compacted thickness. 
3. The bituminous mixture shall be transported and placed in such a manner as to minimize segregation.  


Segregated areas behind the paving operation shall be removed immediately at the time of discovery.  The 
segregated material shall be replaced with specified material before initial rolling takes place. 


4. Compaction: 
a. After the bituminous mixture is spread, struck off, and the surface irregularities adjusted, it shall be thoroughly 


and uniformly compacted by rolling. 
b. The surface shall be rolled when the mixture is in the proper condition and when rolling does not cause undue 


displacement, cracking, or shoving. 
c. The roller provided shall be sufficient to obtain the required compaction while the mixture is in a workable 


condition. 
d. Rolling shall begin at the sides and proceed longitudinally parallel to the road centerline, each trip overlapping 


1/2 the roller width, gradually progressing to the crown of the road.  When paving in echelon or abutting a 
previously placed lane, the longitudinal joint shall be rolled first followed by the regular rolling procedure. 
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e. Rolling shall be continued until roller marks are eliminated and a minimum density of 95% of maximum 
theoretical density, determined in accordance with AASHTO T 209, of a laboratory specimen made in the 
proportions of the formula is obtained.  A minimum density of 90% of the laboratory specimen is required 
when mixtures are to be made from specified aggregates having 65% or more passing the No. 8 sieve. 


f. Field density determinations shall be made in accordance with Colorado Procedure No. 44 or No. 81. 
g. Any displacement occurring as a result of reversing the direction of a roller or from other causes shall be 


corrected at once by the use of rakes and the addition of fresh mixture when required.  In rolling, care shall be 
exercised not to displace the line and grade of the edges of the bituminous mixture. 


h. Roll until the minimum percent compaction is obtained in accordance with Section 401.17 of the Standard 
Specifications for Road and Bridge Construction. 


i. To prevent adhesion of the mixture to the rollers, the wheels shall be kept properly moistened with water or 
water mixed with very small quantities of detergent or other approved material.  Excess liquid is not permitted. 


j. In places inaccessible to the rollers, the mixture shall be thoroughly compacted with hand or mechanical 
tampers.  On depressed areas, a trench roller or cleated compression strips under the roller to transmit 
compression to the depressed area may be used. 


k. Any mixture that becomes loose and broken, mixed with dirt, or is in any way defective shall be removed and 
replaced with new, hot mixture that shall be compacted to conform with the surrounding area. 


C. Connections with Existing Facilities: 
1. Where asphalt pavement connects to an existing roadway surface or other facility, modify the existing roadway 


profile to produce a smooth riding connection. 
2. Modifying existing surfaces:  Burn or chip existing paved surfaces to provide neat lines and surfaces.  Allow for 


sufficient depth of removal to reinstall a minimum thickness of one-inch of asphalt. 
a. Neat lines:  Lines straight and edges vertical. 
b. Edges of neat line cuts:  Paint with a tack coat prior to placing pavement. 
c. Sealing neat line:  After the placement of pavement by painting with liquid asphalt or emulsified asphalt, cover 


immediately with clean, dry sand. 
3. Paint edges of contact surfaces (curbs and manhole frames) before laying pavement with a tack coat or paving 


asphalt cement to provide watertight joints.  Do not stain adjacent surfaces not intended to be coated. 
D. Joints: 


1. Offset the edge of each layer a minimum of 6 inches so that joints are not directly over those in the underlying 
layer. 


2. Form transverse joints by cutting back on the previous day's run to expose the full vertical depth of the layer. 
E. Joint Compaction: 


1. Place the top or wearing layer as continuously as possible. 
2. Pass the roller over the unprotected end of the freshly laid mixture only when the laying of the layer is 


discontinued long enough to permit the mixture to become chilled. 
3. Cut back the previously compacted mixture when Work is resumed to produce a slightly beveled edge for the full 


thickness of the layer. 
4. Cut away waste material and lay new mix against the fresh cut. 


F. Tolerances: 
1. Conduct measurements for conformity with crown and grade immediately after initial compression.  Correct 


variations immediately by the removal or addition of materials and by continuous rolling. 
2. Tolerance measurements: 


a. Completed surface of top or wearing layer:  Uniform texture, smooth, and uniform to crown and grade. 
b. The completed surface shall not vary more than 1/8 inch from the lower edge of the 10-foot straight edge 


placed on the surface parallel to the centerline. 
c. The transverse slope of the completed surface shall not vary more than 1/4 inch in 10 feet from the rate of the 


transverse slope shown on the Drawings. 
d. The finished grade shall not vary more than 0.02 feet. 


3. Correct deviations in excess of the specified tolerances by adding asphalt concrete mixture to low places or 
removing material from high places. 


4. The wearing surface shall be removed and replaced to achieve a satisfactory finish surface if the surface of the 
completed pavement deviates by more than twice the specified tolerances. 


G. Equipment: 
1. Hot bituminous asphalt:  Application equipment shall be in accordance with Section 401.16 of the Standard 


Specifications for Road and Bridge Construction. 
2. Tack coat: 


a. Equipment shall be capable of uniformly heating and applying bituminous material. 
b. The distributor and the equipment shall be capable of uniformly distributing bituminous material at an even 


temperature and uniform pressure on variable widths of surface up to 15 feet in width at readily determined 
and controlled rates from 0.05 to 2.0 gallons per square yard. 


c. The allowable variation from any specified rate shall not exceed ±0.02 gallon per square yard. 
d. Distributor equipment shall include a tachometer, pressure gauges, accurate volume measuring devices or a 


calibrated tank, and a thermometer for measuring temperatures of tank contents. 
e. Distributors shall be equipped with a power unit for the pump and full circulation spray bars that are laterally 


and vertically adjustable. 
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H. Traffic Control: 
1. Minimize inconvenience to traffic and keep vehicles off freshly treated or paved surfaces to avoid the pickup and 


tracking of asphalt. 
2. Meeting federal, state, and local requirements for traffic control. 


3.4 RESTORATION 
A. Pavement markings, signing, and traffic signal conduit: 


1. Restore or replace any existing pavement markings, signing, traffic signal conduit, or other traffic control devices 
that may be covered, removed, or damaged during construction. 


2. Replace in accordance with site-specific standards of the authority having jurisdiction. 
3.5 QUALITY CONTROL 


A. Testing: 
1. Hot bituminous asphalt: 


a. An extraction test is required for each hot mix placed to verify the bitumen content and aggregate gradation 
and when materials of the job-mix formulas change. 


b. An immersion compression test is required for the first day's construction and when materials of the job-mix 
formulas change.  Replace test sections as required. 


B. Control of Line and Grade:  Provide and maintain intermediate control, independent of the underlying base, to meet 
finish surface grades and the minimum thickness. 


END OF SECTION 
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SECTION 32 12 16.16 
COAL TAR SEAL COATS  


PART 1 GENERAL 
1.1 SUMMARY 


A. Section includes general information, products, and execution for coal tar seal coats. 
1.2 REFERENCES 


A. ASTM International (ASTM): 
1. C 136 – Standard Test Method for Sieve Analysis of Fine and Coarse Aggregates 
2. D 75 – Standard Practice for Sampling Aggregates 
3. D 140 – Standard Practice for Sampling Bituminous Materials 
4. D 490 – Standard Specification for Road Tar 
5. D 5727 – Standard Specification for Emulsified Refined Coal Tar (Mineral Colloid Type) 
6. D 6690 – Standard Specification for Joint and Crack Sealants, Hot Applied, for Concrete and Asphalt Pavements 


1.3 SUBMITTALS 
A. Quality Control Submittals: 


1. Design data:  Coal tar seal coat mix. 
2. Test results: 


a. Coal tar pitch emulsion. 
b. Aggregate gradation. 


3. Certificates:  Equipment list. 
1.4 QUALITY ASSURANCE 


A. A minimum of 30 days prior to the mixing and placing of material, submit a coal tar seal coat mix design with test 
reports for each type included in the Work.  The mix design shall indicate the definite percentage of each sieve 
fraction of aggregate, water content, and rubberized coal tar emulsion. 


1.5 DELIVERY, STORAGE, AND HANDLING 
A. Inspect materials delivered to the site for contamination and damage.  Unload and store materials with a minimum of 


handling.  Store aggregates in a manner that protects against contamination and segregation.  Store rubberized coal 
tar pitch emulsion in a manner that prevents freezing. 


PART 2 PRODUCTS 
2.1 APPROVED MANUFACTURERS 


A. Coal Tar Emulsion: 
1. Neyra Industries, Jennite 


2.2 MATERIALS 
A. Crack Sealant:  A hot-poured rubber type sealant in accordance with ASTM D 6690. 
B. Asphalt Sealer: 


1. Coal tar emulsion: Coal tar rubberized emulsion in accordance with ASTM D 490. 
2. Mineral aggregate: 


a. Aggregate:  Clean and dry silica sand that is free from foreign matter. 
b. Mineral:  American Foundry Society-Grain Fineness Rating of 50 to 75 with no more than 2% retained on 


No. 30 sieve, no more than 12% passing No. 140, and no more than 3% passing No. 200. 
3. Water shall not be used for thinning except when sand slurry is in use.  In such cases, water used for mixing shall 


be clean and potable and added in the minimum quantity sufficient for good application consistency but not in 
excess of 10% of the volume of undiluted emulsion. 


PART 3 EXECUTION 
3.1 PREPARATION 


A. Crack Sealant Joint Preparation: 
1. Prior to the application of hot asphalt-rubber sealant, joints and cracks shall be cleaned to remove dust, dirt, 


moisture, and foreign material or old sealant. 
2. Cracks less than 3/8 inch in width will require routing; widen cracks to a width of 1/2 inch and a depth of one inch. 
3. Heat sealant to the Manufacturer's recommended safe heating range prior to application. 


B. Asphalt Sealer Surface Preparation: 
1. The pavement surface to be coated shall be sound and surface-cured to obtain maximum performance. 
2. To be sound, the pavement surface course shall be oil-free and properly compacted over well-drained base and 


subbase courses, without deflection, that are sufficiently stable to resist the traffic loads for which the pavement is 
to be used. 


3. To be surface-cured, new pavements shall be aged for a minimum of 30 days, free of light oils, and present a 
water-break-free surface.  To ensure this, cast one to 2 gallons of clean water from a clean container on the 
surface.  The water should sheet out and wet the surface uniformly without ribboning, crawling, or showing oil 
rings.  If the clean water does not wet the surface uniformly, the asphalt is not ready for coating. 


4. Surfaces shall be thoroughly cleaned to remove foreign debris using a mechanically powered, forced air sweeper 
and steel bristle hand brooms. 


5. Mud areas shall be scraped thoroughly, scrubbed, and pressure rinsed with clear, fresh water. 
6. Oil spots shall be scraped, scrubbed, and lightly burned with a torch, if necessary, to remove visible, excess oil. 
7. Oil spots, after cleaning, shall be coated with the Manufacturer's spot primer to achieve adequate emulsion 


adhesion and prevent bleeding. 
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8. Treat old or badly oxidized asphalt pavement that has lost its binder through erosion (leaving exposed aggregate) 
with diluted emulsion prime coat. 
a. Use one part emulsion thoroughly mixed with 3 parts water.  Apply primer at 0.04 to 0.06 gallon of diluted mix 


per square yard (equal to 0.01 to 0.015 gallon of undiluted emulsion per square yard). 
b. The primer coat shall be allowed to dry before proceeding (normally 1/2 hours to 1 1/2 hours). 


9. Existing cracks over 1/4 inch in width shall be filled in accordance with the Manufacturer's recommendations. 
10. Repair areas softened by petroleum derivatives or other causes. 


3.2 INSTALLATION 
A. Crack Sealant: 


1. Sealing compound:  Agitate continuously during the melting and pouring process. 
2. Apply sealant to clean, dry cracks from the bottom up to the surface level. 
3. At the time of placing the sealant, the pavement and air temperature shall be 40°F or higher. 
4. Joints shall be filled 1/8 inch to 1/4 inch below the pavement surface. 
5. Joints shall be filled in the fall or in the spring.  After the pavement cools and the joints are opened, they shall be 


filled 1/4 inch to 3/8 inch below the pavement surface. 
B. Equipment: 


1. Crack sealant melter unit:  Double boiler type with an agitator using high-flash oil, 600°F at a minimum, as a heat 
transfer medium. 


2. Asphalt sealer equipment: 
a. The machine used to apply emulsion shall have adequate agitation to keep material in proper suspension at 


all times.  It shall be equipped with a water fog bar so the pavement is dampened (but without puddles) when 
emulsion is applied if temperatures are above 85°F or in the sun. 


b. The spray distributor used for the application shall be self-propelled, equipped with pneumatic tires, have full 
sweep agitator blades, and be capable of applying the required coat weight of sand-reinforced emulsion 
evenly over the entire width of the application bar to provide a smooth, uniformly coated surface. 


3.3 APPLICATION 
A. Asphalt Sealer: 


1. Parking lots:  Apply one application of emulsion slurry (emulsion sand mixture) using the Manufacturer's 
recommendations for amounts and sand gradation. 


2. Second application: 
a. Apply a second application of emulsion slurry over the first application using the Manufacturer's 


recommendation for the emulsion slurry mix. 
b. Emulsion shall be applied uniformly over the entire pavement surface; it shall be free of voids, holidays, and 


pinholes.  Fog spray the pavement with fresh, clean water to ensure a better bond, maintain workability, and 
ensure even spreading of the emulsion system. 


c. Emulsion shall be applied at a total minimum application rate of 0.10 gal/sy/coat based on undiluted 
emulsion. 


d. Emulsion shall be applied in dry weather when the pavement and atmospheric temperatures are 50°F or 
above and are anticipated to remain so for 4 hours after the completion of the application.  Applications are 
not permitted when precipitation is anticipated before the film dries to a rain-resistant condition and when 
temperature and humidity conditions are such that emulsion could not thoroughly dry before a pavement 
temperature of 45°F occurs.  Take precautions to prevent surface runoff containing emulsion from entering 
the storm drainage system. 


e. Allow adequate time for the first application to dry (tack free) prior to the second application.  Upon 
completion of the second application, traffic shall be excluded from the area for a minimum of one day; test 
the area for trafficability before opening it for use. 


3.4 RESTORATION 
A. Pavement Markings, Signing, and Traffic Signal Conduit: 


1. Restore or replace existing pavement markings, signing, traffic signal conduit, and other traffic control devices that 
are covered, removed, or damaged during construction. 


2. Replace in accordance with the standards of the authority having jurisdiction. 
3.5 PROTECTION 


A. Traffic Controls:  Keep traffic off surfaces freshly treated with seal coat material.  Provide sufficient warning signs and 
barricades to prevent traffic from traveling over freshly treated surfaces.  Protect treated areas from traffic for a 
minimum of one day after application of the seal coat. 


3.6 QUALITY CONTROL 
A. Testing: 


1. Aggregate:  Test each sample for gradation in accordance with ASTM C 136. 
2. Bituminous material:  Test each sample of rubberized coal tar emulsion in accordance with ASTM D 5727. 


B. Field Sampling and Testing: 
1. Aggregates:  Sample aggregates in accordance with ASTM D 75.  Take at least one initial sample from each 


stockpile.  Collect each sample by taking 3 incremental samples at random to make a composite sample of at 
least 50 pounds.  Thereafter, take 3 random samples from each 20 tons of material or a day's run during the 
course of the Work.  Repeat the process when the source of material changes or when directed. 


2. Bituminous material:  Sample rubberized coal tar pitch emulsion, in accordance with ASTM D 140, immediately 
after delivery to the Project site and at any time thereafter if the source of material changes.  Take additional 
samples directly from emulsion storage tanks of the slurry seal machine when directed. 


END OF SECTION 
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SECTION 32 16 13 
CURB AND GUTTER 


PART 1 GENERAL 
1.1 SUMMARY 


A. Section includes general information, products, and execution for curb and gutter. 
B. Related Sections: 


1. SECTION 03 15 00 – CONCRETE ACCESSORIES 
2. SECTION 03 30 00 – CAST-IN-PLACE CONCRETE 
3. SECTION 03 39 00 – CONCRETE CURING 
4. SECTION 07 92 00 – JOINT SEALERS 
5. SECTION 31 23 16 – EXCAVATION 
6. SECTION 31 23 23 – FILL 


1.2 REFERENCES 
A. ASTM International (ASTM): 


1. C 29 – Standard Test Method for Bulk Density ("Unit Weight") and Voids in Aggregate 
2. C 88 – Standard Test Method for Soundness of Aggregates by Use of Sodium Sulfate or Magnesium Sulfate 
3. C 117 – Standard Test Method for Materials Finer than 75-μm (No. 200) Sieve in Mineral Aggregates by Washing 
4. C 123 – Standard Test Method for Lightweight Particles in Aggregate 
5. C 127 – Standard Test Method for Density, Relative Density (Specific Gravity), and Absorption of Coarse 


Aggregate 
6. C 131 – Standard Test Method for Resistance to Degradation of Small-Size Coarse Aggregate by Abrasion and 


Impact in the Los Angeles Machine 
7. C 136 – Standard Test Method for Sieve Analysis of Fine and Coarse Aggregates 
8. C 142 – Standard Test Method for Clay Lumps and Friable Particles in Aggregates 
9. C 150 – Standard Specification for Portland Cement 
10. C 618 – Standard Specification for Coal Fly Ash and Raw or Calcined Natural Pozzolan for Use in Concrete 
11. C 1157 – Standard Performance Specification for Hydraulic Cement 
12. C 1260 – Standard Test Method for Potential Alkali Reactivity of Aggregates (Mortar-Bar Method) 


B. Colorado Department of Transportation (CDOT): 
1. Standard Specifications for Road and Bridge Construction 


1.3 SUBMITTALS 
A. Product Data: 


1. Admixtures (e.g., air-entraining and water-reducing admixtures): 
a. Test reports. 
b. Certified compliance with the applicable ASTM Specification. 
c. Calcium chloride percentage. 


2. Fly ash: 
a. Certified compliance in accordance with ASTM C 618. 
b. Test reports. 


3. Aggregates: 
a. Sieve analyses:  In accordance with ASTM C 117 and C 136. 
b. Specific gravity and absorption:  In accordance with ASTM C 127. 
c. Lightweight particles:  In accordance with ASTM C 123. 
d. Unit weight and voids:  In accordance with ASTM C 29. 
e. Potential alkali reactivity:  In accordance with ASTM C 1260. 
f. Clay lumps and friable particles:  In accordance with ASTM C 142. 
g. Sodium sulfate soundness:  In accordance with ASTM C 88. 
h. Magnesium sulfate soundness:  In accordance with ASTM C 88. 
i. Los Angeles abrasion test results:  In accordance with ASTM C 131. 


4. Form release agents. 
5. Ready-mixed concrete mix designs. 
6. Vibrator specifications. 
7. Ready-mixed concrete plant production contingency plan. 
8. SDS. 


B. Shop Drawings: 
1. Hot and cold weather placing and curing methods. 
2. Placement size and configuration. 


C. Quality Control Submittals: 
1. Test reports and records: 


a. Cylinder test reports. 
b. Mix design field test data record for each mix: 


1) Slump. 
2) Air-entrainment. 
3) Compressive strength test results, 7 day and 28 day. 
4) Qualification method. 


c. Hydraulic cement material certification report: 
1) Chemical analyses:  In accordance with ASTM C 150. 
2) Physical analyses:  In accordance with ASTM C 1157 and ASTM C 150. 
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3) Optional requirements for equivalent alkalis analyses. 
4) Certified compliance in accordance with ASTM C 150 and ASTM C 1157. 


d. Chemical and physical analysis of fly ash in accordance with ASTM C 618: 
1) Chemical composition. 
2) Physical test results. 
3) Plant of origin. 


D. Administrative Submittals:  Concrete delivery tickets. 
PART 2 PRODUCTS 
2.1 MATERIALS 


A. Concrete: As specified in SECTION 03 30 00, CDOT Class D or Class P. 
B. Expansion Joint Filler:  As specified in SECTION 03 15 00. 
C. Sealant:  As specified in SECTION 07 92 00. 


PART 3 EXECUTION 
3.1 GENERAL 


A. Provide labor, tools, equipment, and materials necessary to remove and replace or construct new curb, gutter, or 
combination curb and gutter in accordance with the Contract Documents and in conformance with the lines, grades, 
and sections shown on the Drawings. 


3.2 PREPARATION 
A. Sections of curb or combination curb and gutter shall be removed by saw cutting at an existing section joint. 
B. Excavation:  Perform as specified in SECTION 31 23 16. 
C. Forms shall be: 


1. Constructed from wood or metal and straight and free from warp. 
2. Extended for the entire depth of the curb and sufficiently braced and secured so that deflection from line or grade 


does not occur during concrete placement. 
3. Left in place until concrete sufficiently sets. 
4. Removed without damage to Work. 


3.3 INSTALLATION 
A. Concrete shall be mixed, transported, and placed as specified in SECTION 03 30 00. 
B. Section or Stone Length: 


1. Curb and combination curb and gutter shall be constructed in sections having a uniform length of 10 feet. 
2. Sections of replacement curb or combination curb and gutter shall be equal to the length of existing curb or 


combination curb and gutter. 
3. Sections shall be separated by a minimum of 1/8 inch wide by one inch deep-tooled control joints, except where 


expansion joints occur. 
C. Expansion Joints: 


1. Formed at uniform intervals of 80 feet, maximum. 
2. Made using 1/2-inch preformed filler as specified in SECTION 03 15 00. 
3. Place: 


a. Between the concrete curb and any fixed structure or bridge. 
b. Between the existing curb and the curb being replaced. 
c. Opposite expansion joints in concrete pavements. 


D. Concrete shall be cured with a liquid membrane-forming compound for curing concrete as specified in SECTION 
03 39 00. 


E. When approved by the ENGINEER, concrete curb may be constructed by the use of a curb-forming machine. 
F. Backfill: 


1. After concrete has set and forms are removed, excavated spaces behind the curb shall be backfilled with earthfill 
as specified in SECTION 31 23 23. 


2. Placement and compaction as specified in SECTION 31 23 16. 
3. Trucks and other live loads shall not be placed on the completed curb and gutter until concrete reaches design 


strength. 
END OF SECTION 







EFFECTIVE JANUARY 2014 1 SECTION 32 16 23 
  SIDEWALKS 


SECTION 32 16 23 
SIDEWALKS 


PART 1 GENERAL 
1.1 SUMMARY 


A. Section includes general information, products, and execution for sidewalks. 
B. Related Sections: 


1. SECTION 03 30 00 – CAST-IN-PLACE-CONCRETE 
2. SECTION 03 39 00 – CONCRETE CURING 
3. SECTION 32 11 23 – AGGREGATE BASE COURSE 


1.2 REFERENCES 
A. Colorado Department of Transportation (CDOT): 


1. Standard Specifications for Road and Bridge Construction 
1.3 SITE CONDITIONS 


A. Place concrete when ambient air temperatures are above 45°F and rising, unless protected from freezing.  Do not 
place concrete on frozen ground.  Hot and cold weather placement procedures shall be as specified in SECTION 
03 30 00. 


PART 2 PRODUCTS 
2.1 APPROVED MANUFACTURERS 


A. Expansion Joint Fillers: 
1. Sonneborn, Sonoflex F 


2.2 MATERIALS 
A. Subgrade:  Dense, readily compactible material, free from vegetable matter and lumps of clay; material excavated 


on-site that meets this requirement may be used if approved by the ENGINEER. 
B. Concrete:  CDOT Class D of Class P as specified in SECTION 03 30 00. 
C. Expansion Joint Fillers:  Pre-molded, closed-cell PE foam, provide 1/2-inch thick by depth of the slab material, allow 


1/2 thickness for joint sealer. 
D. Expansion Joint Sealant:  A silicone material on CDOT’s approved silicone sealant list; where color additive is used, 


color to match. 
E. Curing Compound:  As specified in SECTION 03 39 00. 
F. Truncated Dome Inserts for Ramps:  In conformance with current ADA Standards. 


PART 3 EXECUTION 
3.1 PREPARATION  


A. Excavate subgrade to the required 4 inch to 6 inch depth.  Remove soft, yielding material and replace it with Class 6 
aggregate base course as specified in SECTION 32 11 23.  Compact to minimum 95% standard Proctor within 2% of 
optimum moisture.  Maintain subgrade in a compacted condition until concrete is placed. 


B. Forms shall be metal or uniform warp free lumber coated with a form release agent.  Slope forms a minimum of 2% 
across the dimensional width of a sidewalk to give positive drainage; securely stake.  Obtain the approval of the 
ENGINEER for alignment and grade prior to placing concrete. 


3.2 INSTALLATION 
A. Placing: 


1. Concrete shall be formed, placed, screeded, floated, and finished by hand using conventional methods. 
2. Place concrete on moistened subgrade monolithically between construction joints.  Deposit to full depth in one 


operation; consolidate immediately.  After depositing concrete, screed and darby or bullfloat. 
B. Concrete Finishing: 


1. After darbying or bullfloating, stop concrete finishing until bleeding ceases and concrete can support foot pressure 
with 1/8 inch indentation.  During or after the first floating, check the planeness of the surface with a 10-foot 
straight edge applied at 2 or more different angles.  Cut down high spots and fill low spots to achieve a true plane 
within 1/8 inch in 10 feet. 


2. Refloat slab immediately to a uniform sandy texture.  Use a steel trowel to smooth the surface; apply a medium 
broom finish to the slab perpendicular to the line of travel. 


3. Handicap ramps: 
a. Provide score joints in handicap ramps that meet ADA standards. 
b. Install truncated dome inserts flush with the adjacent ramp surface taking care to achieve a tight bond with 


the concrete that is free of air pockets. 
4. Remove forms after the concrete surface is hard enough to prevent injury.  Carefully remove forms.  Repair minor 


defects with mortar.  Plastering is not permitted on exposed faces. 
C. Joints: 


1. Construct joints true to line with faces perpendicular to the surface. 
2. Expansion joint material shall be in place prior to the placing of concrete and shall be provided: 


a. At each end of the curb return. 
b. Between sidewalk and driveway slabs or service walks. 
c. Between new and existing concrete. 
d. Between new concrete and fixed vertical objects. 
e. As shown on the Drawings. 
f. As directed. 


3. Thoroughly clean surfaces prior to the installation of caulking material. 
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4. Contraction (control) joints: 
a. Tooled:  Walks shall be tool cut to a depth of 1/4 the slab thickness; space joints equal to the width of the 


walk; do not exceed 10 feet unless approved by the ENGINEER. 
b. Saw cut:  Utilize power saws equipped with shatterproof abrasive or diamond-rimmed blades.  Cut 1/8 inch 


wide joints into sufficiently hardened concrete so the cutting action will not tear, abrade, or damage the 
surface, but before the development of random contraction cracks.  Saw cut joints shall be spaced at a 
distance equal to the width of the walk; do not exceed 10 feet unless approved by the ENGINEER.  The depth 
of the joints shall be 1/4 the slab thickness. 


D. Curing as specified in SECTION 03 39 00. 
3.3 PROTECTION 


A. Protect concrete sidewalks until sufficiently hardened.  Concrete damaged by footprints, writing implements, or 
weather conditions shall be subject to replacement by the CONTRACTOR at no cost to the OWNER. 


3.4 QUALITY CONTROL 
A. Surfaces shall not vary more than 1/8 inch when tested with a 10-foot straight edge. 


END OF SECTION 
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SECTION 32 17 23 
PAVEMENT MARKING 


PART 1 GENERAL 
1.1 SUMMARY 


A. Section includes general information, products, and execution for pavement marking. 
1.2 REFERENCES 


A. Colorado Department of Transportation (CDOT): 
1. M&S Standard Plans 
2. Standard Specifications for Road and Bridge Construction 


1.3 SEQUENCING AND SCHEDULING 
A. Schedule painting so markings have sufficient time to dry prior to opening lanes to traffic according to the traffic 


control plan. 
1.4 SUBMITTALS 


A. Product Data:  Paint. 
B. Shop Drawings: 


1. Description of proposed methods for removal of drips, overspray, improper markings, paint and thermoplastic 
material tracked by traffic, and existing markings. 


2. Pavement marking layout plan. 
C. Quality Control Submittals: 


1. Manufacturer’s certificate of compliance for products specified in this Section. 
2. Equipment List:  Proposed equipment to be used, including descriptive data. 


1.5 QUALITY ASSURANCE 
A. Construction Requirements:  In accordance with Section 627 of the Standard Specifications for Road and Bridge 


Construction. 
PART 2 PRODUCTS 
2.1 MATERIALS 


A. Epoxy Pavement Marking Material:  CDOT Standard 713.19. 
B. Glass Beads:  CDOT Standard 713.08. 
C. Paint:  CDOT Standard 708.05. 
D. Pavement Marking Tape:  CDOT Standard 713.15. 
E. Pavement Primer:  CDOT Standard 708.07. 
F. Preformed Plastic Material:  CDOT Standard 713.13. 
G. Raised Pavement Marker:  CDOT Standard 713.18. 
H. Pavement Marking Tape (Removable):  CDOT Standard 713.16. 
I. Thermoplastic Marking Material:  CDOT Standard 713.12. 


PART 3 EXECUTION 
3.1 GENERAL 


A. Provide, apply, and remove temporary pavement marking in accordance with the Contract Documents. 
B. Place pavement markings in accordance with the following requirements and M&S Standard S-627-1. 


3.2 PREPARATION 
A. Cleaning: 


1. Thoroughly clean surfaces to be marked before the application of pavement marking material. 
2. Remove dust, dirt, and other granular surface deposits by sweeping, blowing with compressed air, rinsing with 


water, or a combination thereof. 
3. Completely remove rubber deposits, surface laitance, existing paint markings, and other coatings adhering to 


pavement with scrapers, wire brushes, sand blasting, approved chemicals, or mechanical abrasion. 
4. Scrub areas of old pavement affected with oil or grease with several applications of trisodium phosphate solution 


or other approved detergent or degreaser, and rinse thoroughly after each application. 
5. After cleaning, oil-soaked areas shall be sealed with cut shellac to prevent bleeding through the new paint. 
6. When water is used for cleaning, allow pavement surfaces to dry prior to striping or marking. 
7. Reclean surfaces when Work is stopped due to rain. 


B. Layout of Markings:  Unless previously applied markings are present to serve as a guide, layout markings in advance 
of paint application. 


3.3 APPLICATION 
A. Paint: 


1. General: 
a. Thoroughly mix pigment and vehicle together prior to application, and keep thoroughly agitated during 


application. 
b. Do not add thinner. 
c. Apply to clean, dry surfaces, and only when air and pavement temperatures are above 40°F and less than 


95°F.  Maintain paint temperature within these same limits. 
d. Allow new asphalt pavement and concrete surfaces to cure for a period of not less than 30 days before 


applications of paint. 
e. Provide guide lines and templates to control paint application. 
f. Take special precautions in marking numbers, letters, and symbols. 
g. Apply paint only to unfrozen, dry, and clean pavement surfaces. 
h. Edges of markings shall be clearly outlined. 
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2. Rate of Application: 
a. Apply paint in 2 coats at a uniform rate of 105 sf/gal/coat to 115 sf/gal/coat without running or spattering. 
b. Apply pigmented binder evenly to the pavement area at a rate of 105 sf/gal, ±5 sf. 
c. Nonreflective markings:  Apply paint evenly to the pavement surface at a rate of 105 sf/gal, ±5 sf. 


3. Drying: 
a. Provide the maximum drying time of paint to prevent undue softening of bitumen, pickup, displacement, or 


discoloration by tires or traffic. 
b. If there is a delay in drying or markings, discontinue painting operations until the cause is determined and 


corrected. 
3.4 PROTECTION 


A. Protect markings from traffic until paint is completely dry. 
B. Protect surfaces from disfiguration by paint spatters, splashes, spills, or drips. 


3.5 CLEANING 
A. Remove paint spatters, splashes, or drips. 


END OF SECTION 
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SECTION 32 31 13 
CHAIN LINK FENCES AND GATES  


PART 1 GENERAL 
1.1 SUMMARY 


A. Section includes general information, products, and execution for chain link fences and gates. 
B. Related Sections: 


1. SECTION 03 30 00 – CAST-IN-PLACE CONCRETE 
1.2 REFERENCES 


A. ASTM International (ASTM): 
1. B 117 – Standard Practice for Operating Salt Spray (Fog) Apparatus 
2. B 221 – Standard Specification for Aluminum and Aluminum-Alloy Extruded Bars, Rods, Wire, Profiles, and Tubes 
3. D 523 – Standard Test Method for Specular Gloss 
4. D 714 – Standard Test Method for Evaluating Degree of Blistering of Paints 
5. D 1654 – Standard Test Method for Evaluation of Painted or Coated Specimens Subjected to Corrosive 


Environments 
6. D 2244 – Standard Practice for Calculation of Color Tolerances and Color Differences from Instrumentally 


Measured Color Coordinates 
7. D 2794 – Standard Test Method for Resistance of Organic Coatings to the Effects of Rapid Deformation (Impact) 
8. D 3359 – Standard Test Methods for Measuring Adhesion by Tape Test 
9. F 2200 – Standard Specification for Automated Vehicular Gate Construction 


B. Colorado Department of Transportation (CDOT): 
1. M&S Standard Plans 
2. Standard Specifications for Road and Bridge Construction 


C. Underwriters Laboratories (UL): 
1. UL 325 – Standard for Safety for Door, Drapery, Gate, Louver, and Window Operators and Systems 


1.3 SUBMITTALS 
A. Product Data:  Submit the Manufacturer’s descriptive literature for fence and gate installations. 
B. Certificates:  Submit the Manufacturer’s certifications that chain link fence and component materials meet specified 


requirements. 
PART 2 PRODUCTS 
2.1 APPROVED MANUFACTURERS 


A. Aluminum Cantilever Gate: 
1. Ameristar Fence Products, Inc., Ameristar TransPort LINK gate system  
2. No substitutes 


2.2 MATERIALS 
A. Fence and Gate: 


1. Provide standard chain link fence complete with barbed wire guard in accordance with the Standard Specifications 
for Road and Bridge Construction.  Fabric height shall be 96-inches.  Chain link fabric may be reused if serviceable 
in the opinion of the ENGINEER. 


2. Chain link fencing materials, including gates, shall be in accordance with Section 607 and Section 710 of the 
Standard Specifications for Road and Bridge Construction. 


3. Provide pipe posts, accessories, concrete footings, and other materials required for fence erection. 
B. Concrete:  Concrete for post footings shall be Class B as specified in SECTION 03 30 00. 
C. Aluminum Cantilever Gate: 


1. The Manufacturer shall supply a total industrial ornamental aluminum cantilever gate system (specify with 
extended uprights for barb wire or without extended uprights).  The system shall include all components including 
tracks, uprights, bracing, pickets, hardware, fittings, and fasteners.  The gate schedule shall include the following 
additional information for each cantilever gate included in the scope of the Work:  Opening (specify nominal 
opening size range in feet) and gate posts (specify size and shape of posts).  Chain link fabric and barb wire are 
not provided by Ameristar. 


2. The materials used for cantilever gate framing (e.g., uprights, diagonal braces, and pickets or pales) and rails shall 
be manufactured in accordance with ASTM B 221 aluminum, designation 6063-T-6, with a yield strength of 25,000 
psi, a tensile strength of 30,000 psi, and a standard mill finish. 


3. Material for diagonal bracing and uprights shall be 2-inch square by 1/4-inch aluminum.  The design of the top and 
bottom enclosed track shall conform to the Manufacturer’s 5-inch by 2-inch Fast-Trak system.  Material for chain 
link infill shall be in accordance with the Contract Documents. 


4. Internal roller truck assembly shall be self-aligning swivel ball-and-socket type running on 4 bearing wheels.  
Internal roller truck assembly shall be affixed to the hanger bracket by means of a 5/8-inch diameter industrial 
grade rod end/center bolt with a minimum static load rating of 10,000 pounds.  Attachment of the center bolt to the 
truck body shall be by means of a swivel joint to ensure equivalent and consistent loading on bearing wheels and 
internal track surfaces throughout the travel of the gate. 


2.3 FABRICATION 
A. Enclosed track, uprights, and diagonal bracing shall be pre-drilled and labeled for easy assembly; components shall be 


pre-cut to specific lengths. 
B. Top and bottom rail extrusions shall be mechanically fastened to vertical uprights and reinforced with diagonal braces 


as shown on the Drawings. 
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C. If color coating is required, the manufactured components shall be subjected to the Ameristar thermal stratification 
coating process (high-temperature, in-line, multi-stage, and multi-layer) including, at a minimum, a 6-stage 
pretreatment/wash and an electrostatic spray application of a polyester finish.  The topcoat shall be a no-mar TGIC 
polyester powder coat finish with a minimum thickness of 2 mils.  The color shall be black.  The stratification-coated 
framework shall be capable of meeting the performance requirements for each quality characteristic shown in Table 1. 


 
Table 1 


Coating Performance Requirements 
Quality Characteristics ASTM Test Method Performance Requirements 


Adhesion D 3359 – Method B 
Adhesion (retention of coating) 
over 90% of test area (tape and 
knife test) 


Corrosion Resistance B 117, D 714, and D 1654 


Corrosion resistance over 3,500 
hours (scribed in accordance with 
ASTM D 1654; failure mode is 
accumulation of 1/8-inch coating 
loss from scribe or medium #8 
blisters) 


Impact Resistance D 2794 
Impact resistance over 60 in/lb 
(forward impact using 0.625-inch 
ball) 


Weathering Resistance D 2244 and D 523 (60°Method) 


Weathering resistance over 1,000 
hours (failure mode is 60% loss of 
gloss or color variance of more 
than 3 delta-E color units) 


 
PART 3 EXECUTION 
3.1 ERECTION 


A. Fence and Manual Gate: 
1. Construct fences in accordance with the Standard Specifications for Road and Bridge Construction and M&S 


Standard Plans for chain link fence. In addition: 
a. Before erecting fences, clear and remove brush, ground surface irregularities, and other obstacles that may 


interfere with proper erection. 
b. Set posts in concrete to the depth shown on the Drawings, plumb and in alignment. 
c. Provide one tension or stretcher bar for the end post and 2 for each corner and pull post. 
d. Install top rails as shown on the Drawings. 
e. Clean and repair damaged galvanizing. 


B. Aluminum Cantilever Gate: 
1. New gate installations shall be laid out by the CONTRACTOR in accordance with the Contract Documents. 
2. Hardware shall be installed in accordance with the transport installation instructions.  Transport cantilever gates 


shall be installed in accordance with ASTM F 2200 and UL 325. 
3. Gate stops shall be installed on each track in accordance with ASTM F 2200. 
4. Set posts in concrete to the depth and diameter shown on the Drawings, plumb and in alignment. 
5. Install mesh fabric and barb wire on gate frame. 


3.2 CLEANING 
A. Clean the site of excess materials.  Post-hole excavations shall be scattered uniformly away from posts. 


END OF SECTION 
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SECTION 32 31 19 
ORNAMENTAL METAL FENCING SYSTEM 


PART 1 GENERAL 
1.1 SUMMARY 


A. Section includes general information, products, and execution for ornamental metal fencing systems. 
B. Related Sections: 


1. SECTION 03 30 00 – CAST-IN-PLACE CONCRETE 
2. SECTION 31 01 01 – SITE RESTORATION AND CLEANUP 


1.2 REFERENCES 
A. ASTM International (ASTM): 


1. A 653 – Standard Specification for Steel Sheet, Zinc-Coated (Galvanized) or Zinc-Iron Alloy-Coated 
(Galvannealed) by the Hot-Dip Process 


2. B 117 – Standard Practice for Operating Salt Spray (Fog) Apparatus 
3. B 221 – Standard Specification for Aluminum and Aluminum-Alloy Extruded Bars, Rods, Wire, Profiles, and Tubes 
4. D 523 – Standard Test Method for Specular Gloss 
5. D 714 – Standard Test Method for Evaluating Degree of Blistering of Paints 
6. D 822 – Standard Practice for Filtered Open-Flame Carbon-Arc Exposures of Paint and Related Coatings 
7. D 1654 – Standard Test Method for Evaluation of Painted or Coated Specimens Subjected to Corrosive 


Environments 
8. D 2244 – Standard Practice for Calculation of Color Tolerances and Color Differences from Instrumentally 


Measured Color Coordinates 
9. D 2794 – Standard Test Method for Resistance of Organic Coatings to the Effects of Rapid Deformation (Impact) 
10. D 3359 – Test Standard Test Methods for Measuring Adhesion by Tape Test 
11. F 2200 – Standard Specification for Automated Vehicular Gate Construction 
12. F 2408 – Standard Specification for Ornamental Fences Employing Galvanized Steel Tubular Pickets 


B. Underwriters Laboratories (UL): 
1. 325 – Standard for Safety for Door, Drapery, Gate, Louver, and Window Operators and Systems 


1.3 SUBMITTALS 
A. Manufacturer’s literature. 
B. Shop Drawings. 
C. Warranty Documentation: 


1. Sample warranty. 
2. Warranty. 


1.4 QUALITY ASSURANCE  
A. System Description for Panels, Posts, and Manual Gates:  The system shall be 2-rail with all components including 


panels, posts, quad-flare finials, gates, and hardware. 
B. Qualifications: 


1. A minimum of 5 years of documented experience in the Work of this Section. 
2. Approved by the Manufacturer. 


1.5 DELIVERY, STORAGE, AND HANDLING 
A. Upon receipt at the Work site, materials shall be checked to ensure no damage occurred during shipping or handling.  


Materials shall be stored in such a manner to ensure proper ventilation and drainage and protect against damage, 
weather, vandalism, and theft. 


1.6 WARRANTY 
A. Warranty for one year from the Substantial Completion date for the satisfactory performance and installation of the 


ornamental metal fencing system and associated appurtenances. 
PART 2 PRODUCTS 
2.1 APPROVED MANUFACTURERS 


A. Panels, Posts, and Manual Gates: 
1. Ameristar Fence Products, Inc., Montage II, Welded and Rackable Ornamental Steel, Genesis Style 
2. Ameristar Fence Products, Inc., Aegis II, Industrial Ornamental Steel, Genesis Style 
3. No substitutes 


B. Industrial, Ornamental, Electrically Operated Cantilever Gate: 
1. Ameristar Fence Products, Inc., Ameristar TransPort II gate system, Genesis Style 
2. No substitutes 


2.2 MATERIALS 
A. Panels, Posts, and Manual Gates: 


1. Steel fence panels and posts in accordance with ASTM A 653 with a minimum yield strength of 45,000 psi and a 
minimum hot-dip galvanized zinc coating weight of 0.90 oz/ft2, coating designation G90. 


2. Pickets shall be one-inch square by 14 gauge tubing.  Rails shall be steel channel, 1 3/4-inch square with a 
minimum 14 gauge thickness.  Fence and gate posts shall meet the requirements shown in Table 2. 


B. Cantilever Gates: 
1. Materials used for cantilever gate framing (uprights, diagonal braces, and pickets or pales) shall be manufactured 


in accordance with ASTM B 221 aluminum, designation 6063-T-6, with a yield strength of 25,000 psi, a tensile 
strength of 30,000 psi, and a standard mill finish.  Rails shall be manufactured in accordance with ASTM B 221 
aluminum, Alloy 6063-T-6, with minimum yield strength of 25,000 psi, a tensile strength of 30,000 psi, and a 
standard mill finish. 
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2. Material for diagonal bracing and uprights shall be 2-inch square by 1/4-inch aluminum.  The design of the top and 
bottom enclosed track shall conform to the Manufacturers 5-inch by 2-inch Fast-Trak system.  Material for pickets 
shall be one-inch by 1/8-inch wall aluminum. 


3. Internal roller truck assembly shall be self-aligning, swivel ball-and-socket type running on 4 bearing wheels.  
Internal roller truck assembly shall be affixed to the hanger bracket by means of a 5/8-inch diameter 
industrial-grade rod end/center bolt with a minimum static load rating of 10,000 pounds.  Attachment of the center 
bolt to the truck body shall be by means of a swivel joint to ensure equivalent and consistent loading on bearing 
wheels and internal track surfaces throughout the travel of the gate. 


4. Pickets shall be fitted with quad flare finials as shown on the Drawings. 
2.3 FABRICATION 


A. Panels, Posts, and Manual Gates: 
1. Pickets, rails, and posts shall be pre-cut to specified lengths.  Rails shall be pre-punched to accept pickets. 
2. Pickets shall be inserted into the pre-punched holes in the rails, and shall be aligned to standard spacing using a 


specially calibrated alignment fixture.  The aligned pickets and rails shall be joined at each picket-to-rail 
intersection by Ameristar’s proprietary fusion welding process. 


3. Manufactured panels and posts shall be coated by an inline electrode position coating (E-Coat) process consisting 
of a multi-stage pretreatment/wash with zinc phosphate, followed by a duplex application of an epoxy primer and 
an acrylic topcoat.  The minimum cumulative coating thickness of epoxy and acrylic shall be 2 mils.  The color shall 
be black.  Coated panels and posts shall be capable of meeting the performance requirements for each quality 
characteristic shown in Table 1.  Coating performance criteria shall be in accordance with of ASTM F 2408. 


4. The manufactured fence system shall be capable of meeting the vertical load, horizontal load, and infill 
performance requirements for industrial weight fences in accordance with ASTM F 2408. 


5. Swing gates shall be fabricated using 1 3/4-inch by 14 gauge Forerunner double channel rail, 2-inch square by 
11 gauge gate ends, and one-inch square by 14 gauge pickets.  Gates that exceed 6-feet in width shall have a 
1 3/4-inch square by 14 gauge intermediate upright.  Rail and upright intersections and picket and rail intersections 
shall be joined by welding.  Gusset plates shall be welded at each upright to rail intersection.  Cable kits shall be 
provided for additional bracing for gate leaves over 6-feet. 


B. Cantilever Gates: 
1. Pickets, enclosed track, uprights, and diagonal bracing shall be pre-drilled and labeled for easy assembly; 


components shall be pre-cut to specified lengths. 
2. Top and bottom rail extrusions shall be mechanically fastened to vertical uprights and reinforced with diagonal 


braces as shown on the Drawings. 
3. Manufactured components shall be subjected to the Ameristar thermal stratification coating process, 


high-temperature, in-line, multi-stage, and multi-layer including, at a minimum, a 6-stage pretreatment/wash and 
an electrostatic spray application of a polyester finish.  The topcoat shall be a no-mar TGIC polyester powder coat 
finish with a minimum thickness of 2 mils.  The color shall be black.  The stratification-coated framework shall be 
capable of meeting the performance requirements for each quality characteristic shown in Table 1. 


 
Table 1 


Coating Performance Requirements 
Quality Characteristics  ASTM Test Method  Performance Requirements  


Adhesion  D 3359 – Method B  Adhesion (retention of coating) over 
90% of test area (tape and knife test) 


Corrosion Resistance  B 117, D 714, and D 
1654  


Corrosion resistance over 3,500 hours 
(scribed per ASTM D 1654; failure 
mode is accumulation of 1/8-inch 
coating loss from scribe or medium #8 
blisters) 


Impact Resistance  D 2794  Impact resistance over 60 in/lb (forward 
impact using 0.625-inch ball) 


Weathering Resistance  D 822, D 2244, and D 
523 (60˚ Method)  


Weathering resistance over 1,000 
hours (failure mode is 60% loss of gloss 
or color variance of more than 3 delta-E 
color units) 


 
PART 3 EXECUTION 
3.1 PREPARATION 


A. New installation shall be laid out by the CONTRACTOR in accordance with the Contract Documents. 
3.2 INSTALLATION 


A. Fence Post:  Spaced according to Table 3, ±1/2 inch.  For installations that must be raked to follow sloping grades, the 
post spacing dimension shall be measured along the grade.  Fence panels shall be attached to posts with brackets 
supplied by the Manufacturer.  Posts shall be set in concrete bases having a minimum depth of 36 inches.  In some 
cases, local restrictions on freezing weather conditions may require greater depth.  Material requirements for concrete 
bases shall be as specified in SECTION 31 01 01 and SECTION 03 30 00.  Post setting by other methods such as 
plated posts or grouted core-drilled bases are permissible only if shown by engineering analysis to be sufficient in 
strength for the intended application. 
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B. Gate: 
1. Manual gates:  Gate posts shall be spaced according to the Manufacturer’s Shop Drawings, dependent on 


standard out-to-out gate leaf dimensions, and the gate hardware selected.  Type and quantity of gate hinges shall 
be based on the application, weight, height, and number of gate cycles.  The Manufacturer’s gate drawings shall 
identify the necessary gate hardware required for the application.  Gate hardware shall be provided by the 
Manufacturer of the gate and shall be installed in accordance with the Manufacturer’s instructions. 


2. Cantilever gates: 
a. New cantilever gate installations shall be laid out by the CONTRACTOR as shown on the Drawings. 
b. Hardware shall be installed in accordance with the Manufacturer’s instructions.  Transport cantilever gates 


shall be installed in accordance with ASTM F 2200 and UL 325. 
c. Gate stops shall be installed on each track in accordance with ASTM F 2200. 
d. Gate post shall be spaced according to specified gate elevation.  Non-gate and gate weight supporting posts 


shall be set in concrete bases as shown on the Drawings.  Concrete shall meet the Class B mix design as 
specified in SECTION 03 30 00.  Post setting by other methods, plated posts or grouted core-drilled bases, 
are permissible only if shown by engineering analysis to be sufficient in strength for the intended application. 


 
Table 2 


Minimum Sizes for Montage II Posts 
Fence Posts Panel Height 
2 1/2-inch by 12 gauge Up to and including 6 foot height 
3-inch by 12 gauge Over 6 foot up to and including 8 foot height 
 


Gate Leaf 
Gate Height 


Up to and including 4 foot Over 4 foot up to and 
including 6 foot 


Over 6 foot up to and 
including 8 foot 


Up to 4 foot 2 1/2-inch by 12 gauge 3-inch by 12 gauge 3-inch by 12 gauge 
4 foot 1 inch to 6 foot  3-inch by 12 gauge 4-inch by 11 gauge 4-inch by 11 gauge 
6 foot 1 inch to 8 foot 3-inch by 12 gauge 4-inch by 11 gauge 6-inch by 3/16-inch 
8 foot 1 inch to 10 foot 4-inch by 11 gauge 6-inch by 3/16-inch 6-inch by 3/16-inch 
10 foot 1 inch to 12 foot 4-inch by 11 gauge 6-inch by 3/16-inch 6-inch by 3/16-inch 
12 foot 1 inch to 14 foot 4-inch by 11 gauge 6-inch by 3/16-inch 6-inch by 3/16-inch 
14 foot 1 inch to 16 foot 6-inch by 3/16-inch 6-inch by 3/16-inch 6-inch by 3/16-inch 


 
 


Table 3 
 Post Spacing By Bracket Type 


Span For Classic, Genesis, and Majestic 8-foot nominal (92 5/8-inch rail) 
Post Size (inches) 2 1/2 3 2 1/2 3 2 1/2 3 
Bracket Type (inches) Industrial  


Universal 
2.5 (BB302) 
3 (BB303) 


Industrial 
Flat Mount 
(BB301) 


Industrial 
Swivel 


(BB304)* 


Panel Type:  Montage II 
Post Settings (inches) 
±1/2 inch on center 96 96 1/2 96 96 1/2 *96 *96 1/2 


Panel Type:  Aegis II 
Post Settings (inches) 
±1/2 inch on center 96 96 1/2 96 96 1/2 97 1/2 98 


*Note:  When using BB304 swivel brackets on one or both ends of a panel installation, provide spacing between the 
post and the adjoining pickets to meet applicable codes.  This may require trimming one or both ends of the panel.  
When using the BB301 flat-mount bracket for the invincible style, the rail may need to be drilled to accommodate the 
rail to the bracket attachment. 


 
C. Maintenance: 


1. When cutting or drilling rails or posts, adhere to the following steps to seal the exposed steel surfaces: 
a. Remove metal shavings from the cut area. 
b. Apply zinc-rich primer to thoroughly cover cut edge and drilled hole; let dry. 
c. Apply 2 coats of custom finish paint matching fence color; failure to seal exposed surfaces in accordance with 


this Section will negate the warranty.  Ameristar spray cans or paint pens shall be used to prime and finish 
exposed surfaces; paint pens are recommended to prevent overspray.  Use of non-Ameristar parts or 
components will negate the Manufacturer’s warranty. 


3.3 CLEANING 
A. Clean the Work site of excess materials.  Post-hole excavations shall be scattered uniformly away from posts. 


END OF SECTION 
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SECTION 32 31 23 
PLASTIC FENCES AND GATES 


PART 1 GENERAL 
1.1 SUMMARY 


A. Section includes general information, products, and execution for plastic fences and gates. 
1.2 REFERENCES 


A. ASTM International (ASTM): 
1. A 123 – Standard Specification for Zinc (Hot-Dip Galvanized) Coatings on Iron and Steel Products 
2. A 824 – Standard Specification for Metallic-Coated Steel Marcelled Tension Wire for Use With Chain Link Fence 


1.3 SUBMITTALS 
A. Product Data:  The Manufacturer's technical data for fence fabric, steel posts, ties, and tension wire. 
B. Shop Drawings. 


PART 2 PRODUCTS 
2.1 MATERIALS 


A. PP Safety Fence Fabric: 
1. Diamond mesh pattern with smooth top and bottom edge. 
2. Mesh size:  Approximately 1 1/2-inch by 1 3/4-inch. 
3. Fabric height:  4-feet or 6-feet as shown on the Drawings. 


B. Metal Fence Post: 
1. Material:  Studded tee post rails weighing a minimum 1 1/4 pounds per foot. 
2. Finish:  Baked green enamel, hot-dipped galvanized in accordance with ASTM A 123. 
3. Anchor plate:  Securely swaged on the tee post studs. 
4. Vinyl cap:  Premolded to fit over top of tee post. 


C. Wire: 
1. Tension wire:  0.177-inch, type II, zinc-coated (galvanized). 
2. Wire fasteners:  Preformed clips for attaching to tee post. 


PART 3 EXECUTION 
3.1 GENERAL 


A. Provide labor, tools, equipment, and Work necessary for, or incidental to, the supply and construction of a safety grid 
fence as shown on the Drawings. 


B. Perform clearing and grubbing as necessary to construct the fence to the required grade and alignment. 
C. Components shall not infringe upon adjacent property lines. 


3.2 PREPARATION 
A. Alignment Breaks: 


1. At locations where breaks in a run of fencing are required, at intersections with existing fences, or at a ditch, canal, 
or channel crossing, appropriate adjustments in fence alignment and fence post spacing shall be made to satisfy 
the requirements for the type of closure shown on the Drawings or the conditions encountered. 


2. Provide gates for vehicle or pedestrian access as required and adequate fastening to allow opening and closing to 
secure the affected area. 


3.3 INSTALLATION 
A. Post tops shall be set to the required grade and alignment. 
B. Fence posts shall be spaced at a maximum of 8 feet for 4 foot high fabric and 10 feet for 6 foot high fabric.  Posts shall 


be embedded 2 feet into compacted soil. 
C. Stretch fabric between end posts or at intervals of 100 feet at a maximum, whichever is less.  Pull fabric taut with the 


bottom one inch to 2 inches above the ground line.  Weave the tension wire through the top diamond pattern.  Attach 
tension wire to post and turnbuckle until taut.  Wire clip tension wire to all tee posts.  Wire clip fabric to tee post at one 
foot spacing from tension wire to bottom of fabric.  Place a vinyl cap on all tee posts. 


D. Splices in the fabric shall be made at a post. 
E. Posts and fabric shall be flush at the top of the post. 
F. For gate sections use top and bottom tension wires attached to an independent metal post.  Secure independent post 


at open end with a top and bottom wire loop to the line post. 
3.4 PROTECTION 


A. Protect the fence during construction. 
B. Damage to the fence shall be repaired within 8 hours to the satisfaction of the ENGINEER. 


END OF SECTION 
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SECTION 32 32 23 
SEGMENTAL RETAINING WALLS  


PART 1 GENERAL 
1.1 SUMMARY 


A. Section includes general information, products, and execution for SRWs. 
B. Related Sections: 


1. SECTION 31 23 23 – FILL 
1.2 REFERENCES 


A. ASTM International (ASTM): 
1. C 140 – Standard Test Methods for Sampling and Testing Concrete Masonry Units and Related Units 
2. D 422 – Standard Test Method for Particle-Size Analysis of Soils 
3. D 698 – Standard Test Methods for Laboratory Compaction Characteristics of Soil Using Standard Effort (12,400 


ft-lbf/ft3 (600 kN-m/m3)) 
4. D 1248 – Standard Specification for Polyethylene Plastics Extrusion Materials for Wire and Cable 
5. D 3034 – Standard Specification for Type PSM Poly(Vinyl Chloride) (PVC) Sewer Pipe and Fittings 


1.3 SUBMITTALS 
A. Product Data:  Geotextile. 
B. Quality Control Submittals: 


1. Certificates:  Submit the Manufacturer’s certifications 2 weeks prior to the start of Work stating that SRW units and 
geosynthetic reinforcement are as specified in this Section.  If the height from the base is greater than or equal to 
4 feet, the calculations must be prepared, stamped, and signed by a Professional Engineer registered in the State 
of Colorado. 


1.4 QUALITY ASSURANCE 
A. Qualifications: 


1. A minimum of 5 years of documented experience in the Work of this Section. 
2. Approved by the Manufacturer. 


1.5 DELIVERY, STORAGE, AND HANDLING 
A. Check materials upon delivery to ensure the specified type and grade of materials and the proper color and texture of 


SRW units are supplied. 
B. Store and handle materials in accordance with the Manufacturer's instructions. 
C. Prevent excessive mud, wet concrete, epoxies, and like materials that may affix themselves from coming in contact 


with SRW materials. 
D. Protect materials from damage.  Damaged materials shall not be used into the retaining wall. 


PART 2 PRODUCTS 
2.1 APPROVED MANUFACTURERS 


A. Geogrids: 
1. Fortrac 


2.2 MATERIALS 
A. SRW Units: 


1. Machine-formed portland cement concrete blocks specifically designed for retaining wall applications. 
2. Color:  As shown on the Drawings. 
3. Face finish:  As shown on the Drawings. 
4. Unit height:  As shown on the Drawings. 
5. Units (not including aggregate fill in unit voids) shall provide a minimum weight of 78 psf per wall face area. 
6. Units shall have a minimum depth (front face to rear) to height ratio of 1.5:1. 
7. Units shall be sound and free of cracks and defects that would interfere with the proper placement of the unit or 


impair the strength or permanence of the structure.  Units with cracking or excessive chipping shall not be used. 
8. Concrete used to manufacture units shall have a minimum 28 day compressive strength of 3,000 psi and a 


maximum moisture absorption rate, by weight, of 8% as determined in accordance with ASTM C 140.  
Compressive strength test specimens shall conform to the saw cut coupon provisions in accordance with ASTM 
C 140, except the coupon shall be taken from the least dimension of the unit of a size and shape representing the 
geometry of the unit as a whole. 


9. Units molded dimensions shall not differ more than ±1/8 inch from that specified, except height which shall be 
±1/16 inch as measured in accordance with ASTM C 140. 


B. Units shall be interlocked with connection pins.  Pins shall consist of glass-reinforced nylon made for use with the units 
supplied. 


C. Geosynthetic reinforcement shall consist of geogrids or geotextiles manufactured as a soil reinforcement element. 
1. Manufacturers of geosynthetic reinforcement shall have demonstrated construction of similar sizes and types of 


SRWs on previous projects. 
2. The type, strength, and placement location of the reinforcing geosynthetic shall be as determined or as shown on 


the Drawings. 
D. Leveling pad material shall consist of CDOT Class 6 aggregate base course and be a minimum of 8 inches in depth. 
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E. Drainage aggregate shall be angular, clean stone, or granular fill that meets the following gradation, as determined in 
accordance with ASTM D 422. 


 
Sieve Size Percent Passing (Volume) 


1-inch 100 
3/4-inch 75 to 100 


No. 4 0 to 60 
No. 40 0 to 50 


No. 200 0 to 5 
 


F. Drainage Pipe:  Perforated or slotted PVC or corrugated HDPE pipe wrapped with a geotextile fabric to function as a 
filter and manufactured in accordance with ASTM D 3034 and ASTM D 1248. 


G. Reinforced Soil: 
1. Reinforced soil material shall be free of debris.  The reinforced material shall consist of the inorganic NRCS soil 


types:  GP, GW, SW, SP, and SM meeting the following gradation, as determined in accordance with ASTM D 
422. 


2. The maximum particle size of GP, no fines, shall not exceed 3/4-inch unless geosynthetic strength is reduced to 
account for additional installation damage from larger particles. 


3. The plasticity of the fine fraction shall be less than 20. 
4. Reinforced soil material shall meet the following gradation: 


 
Sieve Size Percent Passing (Volume) 


4-inch 100 
No. 4 20 to 100 


No. 40 0 to 60 
No. 200 0 to 35 


 
PART 3 EXECUTION 
3.1 PREPARATION 


A. Following excavation, foundation soil shall be examined by the ENGINEER to ensure actual strength meets or exceeds 
the assumed design bearing strength.  Soils that fail to meet the required strength shall be removed and replaced with 
infill soils as directed. 


B. Foundation soil shall be proof-rolled and compacted to 95% of maximum density as determined by ASTM D 698 at a 
moisture content within 2% of optimum, and inspected by the ENGINEER prior to the placement of leveling pad 
materials. 


3.2 INSTALLATION 
A. Design: 


1. For constructability considerations, vertical spacing between geosynthetic layers shall not exceed 2 feet. 
2. Each layer of geosynthetic reinforcement shall be designed with 100% continuous coverage parallel to the length 


of the wall.  Gapping between horizontally adjacent layers of geosynthetic (partial coverage) is not allowed. 
B. Excavation: 


1. Excavate to the lines and grades shown on the Drawings; take precautions to minimize over-excavation.  
Over-excavation shall be filled with compacted fill as specified in SECTION 31 23 23 at the CONTRACTOR's 
expense. 


2. Verify the location of existing structures and utilities prior to excavation.  Ensure surrounding structures are 
protected from the effects of wall excavation.  Provide excavation support if required. 


C. Leveling Pad:  Place as shown on the Drawings.  The leveling pad shall extend laterally at least 6 inches from the toe 
and heel of the lowermost SRW unit. 


D. SRW Units: 
1. Install SRW units to the proper elevation and orientation shown on the Drawings and in general accordance with 


the Manufacturer's instructions. 
2. The first course of units shall be placed on the leveling pad.  Units shall be leveled side-to-side, front-to-rear, and 


with adjacent units.  Align to ensure contact with the leveling pad.  Alignment may be done by means of a string 
line or offset from base line to the back of the units.  Gaps shall not be left between the fronts of adjacent units. 


3. Voids within the units shall be filled with granular drainage aggregate and excess debris cleaned from the top of 
the units. 


4. The next course of units shall be placed on top of the lower course of units. 
5. Where pins are utilized, connection shall be installed through the pin holes of each upper course unit into the 


receiving slots in the lower course units.  Pins shall be fully seated in the pin slot below.  Units shall be pushed 
forward to remove looseness in the unit-to-unit connection.  Level and alignment of the units shall be checked and 
corrected if necessary before proceeding. 


6. The layout of curves and corners shall be installed in accordance with the Drawings and the Manufacturer's 
installation guidelines.  Walls meeting at corners shall be interlocked by overlapping successive courses. 


7. These procedures shall be repeated to the extent of wall height. 
8. The wall face cant shall not differ more than ±2 degrees from that specified. 
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E. Geosynthetic Reinforcement: 
1. Install geosynthetic reinforcement at the proper elevation and orientation shown on the Drawings.  Verify that 


orientation is correct in accordance with the Manufacturer's instructions. 
2. Lay horizontally on compacted fill and on top of concrete SRW units at the elevations shown on the Drawings.  


Embedment in the SRW units shall be as described in the Manufacturer's instructions.  The highest strength 
direction shall be perpendicular to the wall face. 


3. Layers shall be one continuous piece for the entire embedment length.  Overlap in the design strength direction 
perpendicular to the wall face is not permitted.  Horizontally adjacent sections shall be butted in a manner to 
ensure 100% coverage after placement. 


4. A minimum of 6 inches of backfill is required prior to the operation of tracked vehicles over reinforcement.  Rubber 
tire equipment may pass directly over reinforcement at speeds less than 5 mph; keep turning to a minimum. 


5. In tension and free of wrinkles prior to the placement of fill.  Nominal tension shall be applied and secured in place 
with staples, stakes, or by hand-tensioning until reinforcement is covered by 6 inches of fill. 


F. Drainage: 
1. Drainage aggregate shall be installed to the line, grades, and sections shown on the Drawings.  Drainage fill shall 


be placed to the minimum thickness shown on the Drawings between and behind units. 
2. Collection pipes shall be installed to maintain the gravity flow of water outside the reinforced soil zone.  Collection 


pipe shall daylight along a slope at an elevation lower than the lowest point of the pipe within the aggregate drain. 
G. Backfill: 


1. Reinforced backfill shall be placed as shown on the Drawings in the maximum compacted lift thickness of 10-
inches and compacted to 95% of maximum density in accordance with ASTM D 698 at a moisture content within 
2% of optimum.  Backfill shall be placed and spread in such a manner as to eliminate wrinkles and eliminate the 
movement of geosynthetic reinforcement and SRW units. 


2. Only hand-operated compaction equipment is allowed within 3 feet of the front of the wall face.  Compaction within 
3 feet behind the wall face shall be achieved by using a lightweight mechanical tamper, plate, or roller. 


3. At the end of each day's operation, slope the last level of backfill away from the wall facing to direct water runoff 
away from the wall face. 


4. At completion of wall construction, backfill shall be placed level with the final top of the wall elevation.  If final 
grading, paving, landscaping, and storm drainage installation adjacent to the wall is not placed immediately after 
wall completion, provide temporary surface drainage to ensure water runoff is not directed at the wall and not 
allowed to collect or pond behind the wall until final construction adjacent to the wall is complete. 


H. SRW Caps: 
1. Properly align and glue SRW caps to underlying units with Manufacturer recommended, flexible, high-strength 


concrete adhesive.  Rigid adhesive and mortar shall not be used. 
2. Overhang the top course of units by 3/4 inch to one inch; a slight variation in overhang is allowed to correct 


alignment at the top of the wall. 
END OF SECTION 
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32 80 00 
IRRIGATION SYSTEMS 


PART 1 GENERAL 
1.1 SUMMARY 


A. Section includes general information, products, and execution for irrigation systems. 
B. Related Sections: 


1. SECTION 31 23 24 – TRENCH BACKFILL 
1.2 REFERENCES 


A. ASTM International (ASTM): 
1. A 536 – Standard Specification for Ductile Iron Castings 
2. B 62 – Standard Specification for Composition Bronze or Ounce Metal Castings 
3. B 584 – Standard Specification for Copper Alloy Sand Castings for General Applications 
4. C 33 – Standard Specification for Concrete Aggregates. 
5. D 256 – Standard Test Methods for Determining the Izod Pendulum Impact Resistance of Plastics 
6. D 638 – Standard Test Method for Tensile Properties of Plastics 
7. D 648 – Standard Test Method for Deflection Temperature of Plastics Under Flexural Load in the Edgewise 


Position 
8. D 698 – Standard Test Methods for Laboratory Compaction Characteristics of Soil Using Standard Effort (12,400 


ft-lbf/ft3 (600 kN-m/m3)) 
9. D 790 – Standard Test Methods for Flexural Properties of Unreinforced and Reinforced Plastics and Electrical 


Insulating Materials 
10. D 792 – Standard Test Methods for Density and Specific Gravity (Relative Density) of Plastics by Displacement 
11. D 1784 – Standard Specification for Rigid Poly(Vinyl Chloride) (PVC) Compounds and Chlorinated Poly(Vinyl 


Chloride) (CPVC) Compounds 
12. D 2239 – Standard Specification for Polyethylene (PE) Plastic Pipe (SIDR-PR) Based on Controlled Inside 


Diameter 
13. D 2241 – Standard Specification for Poly(Vinyl Chloride) (PVC) Pressure-Rated Pipe (SDR Series) 
14. D 2464 – Standard Specification for Threaded Poly(Vinyl Chloride) (PVC) Plastic Pipe Fittings, Schedule 80 
15. D 2466 – Standard Specification for Poly(Vinyl Chloride) (PVC) Plastic Pipe Fittings, Schedule 40. 
16. D 2467 – Standard Specification for Poly(Vinyl Chloride) (PVC) Plastic Pipe Fittings, Schedule 80 
17. D 2564 – Standard Specification for Solvent Cements for Poly(Vinyl Chloride) (PVC) Plastic Piping Systems 
18. F 477 – Standard Specification for Elastomeric Seals (Gaskets) for Joining Plastic Pipe 


B. Colorado Department of Transportation (CDOT): 
1. Standard Specifications for Road and Bridge Construction 


C. Denver Water (DW): 
1. Engineering Standards, MS-16 – Magnetic Drive Displacement Type Water Meters 5/8 Through 2-Inch 
2. Engineering Standards, MS-18 – Magnetic Drive Turbine Type Water Meters 1 1/2 Through 16-Inch 
3. Engineering Standards, Sheet 61 – Outside Setting for 3” & Larger Reduced Pressure Principle Assembly N-Type, 


Above Ground 
4. Engineering Standards, Sheet 69 – Irrigation Outside Setting for 2” & Smaller Reduced Pressure Principle 


Assembly in Enclosure 
D. Manufacturers Standardization Society (MSS): 


1. SP-80 – Bronze Gate, Globe, Angle, and Check Valves 
E. National Fire Protection Association (NFPA): 


1. 70 – National Electrical Code (NEC) 
F. NSF International/American National Standards Institute (NSF/ANSI): 


1. 61 – Drinking Water System Components – Health Effects 
1.3 SUBMITTALS 


A. Product Data:  Include information on the meter, backflow preventer, controller, valves, flow sensor, pipes, and pipe 
fittings. 


B. Quality Control Submittals:  Qualifications of the systems Manufacturer and the systems installer. 
C. Warranty Documentation: 


1. Sample warranty. 
2. Warranty 


1.4 MATERIAL SUBMITTALS 
A. Provide, tag, and box the following special tools for shipment and storage: 


 
Quantity Description 


1 Manual drain key 
1 Gate valve key 
6 Sprinkler nozzles for each type used 
1 Quick coupler key and hose swivels 
1 Sprinkler adjusting tool 
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1.5 QUALITY ASSURANCE 


A. Qualifications: 
1. CONTRACTOR:  Coordinate installation with other trades on the Work. 
2. Systems Supplier:  Regularly engaged in the distribution of irrigation systems. 
3. Systems Installer Qualifications: 


a. A minimum of 5 years of documented experience in the Work of this Section. 
b. Approved by the Manufacturer. 


4. Field superintendent:  On-site daily; provide at least one Maxicom certified installer during the installation of 
Maxicom related equipment. 


1.6 WARRANTY 
A. Warranty for one year from the Substantial Completion date for the satisfactory performance and installation of the 


irrigation system and associated appurtenances. 
PART 2 PRODUCTS 
2.1 APPROVED MANUFACTURERS 


A. Meters: 
1. Type A, 3-inches or larger:  In accordance with DW Engineering Standard MS-18 
2. Type B:  2-inches or smaller:  In accordance with DW Engineering Standard MS-16 
3. Reduced pressure backflow assemblies: 


a. Type A:  In accordance with DW Engineering Standards Sheet 61 
b. Type B:  In accordance with DW Engineering Standards Sheet 69 


B. Valves: 
1. Master valve:  Superior, 3200 
2. Isolation valves: 


a. Type A, Matco, 10RT 
b. Type B, Matco, 513 


3. Drain valves:  Matco, 513 
4. Drain Check Valves: Rain Bird, Seal-A-Matic (SAM) 
5. Quick-coupling valves:  Rain Bird, 44-RC 
6. Angle valve:  Buckner, VBM 
7. Ball valve:  Spears, PVC True Union 
8. Electric control valve:  Rain Bird PEB Series 


C. Dripline Filter:  Netafim Techfilter with Triflurex incorporated into the replaceable disk 
D. Pressure Regulator:  Netafim high flow series. 


1. Pipe:  Dripline – Netafim Techline CV 
E. Dripline Fittings:  Netafim 17mm 
F. Flow Sensing: 


1. Flow sensor:  Rain Bird, FS 
2. Flow monitor:  Rain Bird, Model PT-3002 Flow Transmitter 


G. Controllers: 
1. Rain Bird Maxicom Central Controller: 


a. Rain Bird, ESP-SITE SAT:  Up to 40 station demand 
b. Rain Bird, ESP-SAT:  Over 40 station demand 
c. Rain Bird, CCU-6:  Over 40 station demand 
d. Flow monitor:  Rain Bird, PT 3002 


2. Rain Bird, ESP-LXD Modular Series Controller 
H. Valve and Utility Boxes: 


1. Cluster control valve box:  Carson, Brooks Plastics, Model 2436-18 (without quick-coupler) or Model 3636-18 (with 
quick-coupler) 


2. Single control valve box:  Carson, Brooks Plastics, Model 1324-15 
3. Isolation valve box:  Carson, Brooks Plastics, Model 910 
4. Drain valve box:  Carson, Brooks Plastics, Model 910 
5. Splice box:  Carson, Brooks Plastics, Model 1017-12 


I. Wire Splice:  3M, DBY direct-bury splice kit 
J. Solvent Primer:  Weld-On 


2.2 MATERIALS 
A. Meter: 


1. Wiring shall be compatible with Itron ERT meter reading and run from the conduit to the single gang box at a 
height of 7 feet on the outside of the building. 


2. As specified in DW’s Engineering Standards. 
B. Backflow Preventer:  The reduced pressure backflow assembly shall be approved by the Foundation for Cross-


Connection Control and Hydraulic Research at the University of Southern California. 
C. Pipe Zone:  As specified in SECTION 31 23 24. 
D. Valve Box Base:  3/4-inch crushed rock, Standard Specifications for Road and Bridge Construction Size No. 7, free 


from dirt, clay balls, and organic material. 
E. Valves: 


1. Master valve: 
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a. Normally closed. 
b. Brass body. 
c. EPDM rubber parts. 
d. 24 VAC solenoid. 


2. Isolation valve: 
a. Type A: 


1) 200 psi CWP. 
2) Full port flow. 
3) Epoxy-coated CI, internal and external. 
4) Vulcanized encapsulated resilient wedge. 
5) Serviceable in-line. 
6) Wrench nut, 2-inch. 
7) Replaceable disc. 


b. Type B: 
1) 200 psi WOG. 
2) Non-rising stem. 
3) Full port flow. 
4) Solid wedge. 
5) Cross handle. 
6) In accordance with MSS SP-80 and ASTM B 62. 


3. Drain valves: 
a. 200 psi WOG. 
b. Non-rising stem. 
c. Full port flow. 
d. Solid wedge. 
e. Cross handle. 
f. In accordance with MSS SP-80 and ASTM B 62. 


4. Quick-coupling valves: 
a. The valve shall be a 2-piece type, constructed of heavy duty cast brass in accordance with ASTM B 584, 


81-3-7-9 type. 
b. Self-closing, yellow thermoplastic cover with an optional locking cover. 
c. Corrosion-resistant stainless steel spring. 
d. Operating range:  10 gpm to 125 gpm, 5 psi to 125 psi. 
e. The valve design shall be compatible with the valve coupler key and hose swivels. 
f. Hose swivel, Rain Bird SH-1:  One-inch female pipe thread by 3/4-inch male hose thread. 
g. Valve key, Rain Bird 44-K:  One-inch. 


5. Angle valve: 
a. Heavy duty cast brass. 
b. Cross handle. 
c. Incorporate a free-rotating seat disc assembly and a rising flow control stem to minimize pressure loss through 


the valve. 
d. The valve seat disc shall use replaceable seat washers. 
e. The flow control stem and seat disc assembly shall be removable from the valve body without removing the 


body from the pipeline. 
6. Ball valve: 


a. PVC Type 1 Cell Classification 12454-B. 
b. Valves shall have a double stop PP handle. 
c. Union nuts shall have buttress threads. 
d. Valve components shall be replaceable. 
e. Full Schedule 80 bore opening. 
f. The seal carrier shall stop flow in either direction. 


7. Electric control valve: 
a. Durable glass-filled nylon construction. 
b. The valve shall have internal and external manual open/close (internal and external bleed) for manually 


opening and closing the valve without electrically energizing the solenoid. 
c. The valve shall house a fully encapsulated one-piece solenoid.  The solenoid shall have a captured plunger 


with a removable retainer and a leverage handle.  The 24 VAC 50/60 Hz solenoid shall open with 19.6 VAC 
minimum at 200 psi.  At 24 VAC, average current shall not exceed 0.41 amperes.  Average holding current 
shall not exceed 0.28 amperes. 


d. The valve’s construction shall provide for internal parts to be removable from the top of the valve without 
disturbance to the valve installation. 


F. Pressure Regulator: 
1. Plastic sealed unit, field replaceable. 
2. Built-in indicator pops out when proper outlet pressure is achieved. 


G. Pipe: 
1. Mainline, Type A: 







EFFECTIVE JANUARY 2014 4 SECTION 32 80 00 
  IRRIGATION SYSTEMS 


a. Class 200RT PVC, SDR 21 semi-rigid, Type I, in accordance with ASTM D 1784, ASTM D 2241, and 
NSF/ANSI 61. 


b. Class 200RT with molded in place gasket in accordance with ASTM D 2564. 
2. Mainline, Type B:  Class 200BE PVC, SDR 21 semi-rigid, Type I, in accordance with ASTM D 1784, 


ASTM D 2241, and NSF/ANSI 61. 
3. Lateral lines – PE pipe:  100 psi, NSF/ANSI 61, PE 3408, in accordance with ASTM D 2239. 
4. Dripline –17mm dripline, 0.9 GPH emitter flow rate, 12 inch emitter spacing. 


H. Fittings: 
1. Mainline fittings, Type A:  Ductile iron, Grade 65-45-12 in accordance with ASTM A 536.  Fittings shall be Harco 


Deep Bell and have deep bell push-on joints with gaskets meeting ASTM F 477. 
2. Mainline fittings, Type B:  PVC Type 1, Schedule 80, in accordance with ASTM D 1784, ASTM D 2464, and ASTM 


D 2467. 
3. Valve and lateral fittings: 


a. PVC Type 1, Schedule 40 in accordance with ASTM D 1784 and ASTM D 2466. 
b. PVC Type 1, Schedule 80 in accordance with ASTM D 1784, ASTM D 2464, and ASTM D 2467. 


4. Dripline fittings:  17mm, high pressure rated, UV-resistant, barbed fittings. 
I. Sleeves: 


1. Sidewalks:  Schedule 40 PVC, in accordance with ASTM D 1784, semi-rigid, Type I, ASTM D 2466. 
2. Roadways:  Schedule 80 PVC, Type 1, in accordance with ASTM D 1784, ASTM D2464, and ASTM D 2467. 


J. Flow Sensing: 
1. Flow sensor: 


a. In-line PVC tee sensor with a non-magnetic, spinning impeller. 
b. Electronics housing:  Glass-filled PPS. 
c. Shaft:  Tungsten carbide. 
d. Electrical connections:  2 single conductor #18 AWG leads. 


2. Flow monitor: 
a. Wall mount. 
b. 12 VAC/VDC to 24 VAC/VDC power supply. 


K. Control Wiring: 
1. Type:  #14 gauge solid AWG and UL/UF approved. 
2. Control wiring color:  Red. 
3. Common wires:  White. 
4. Spare control wires:  Yellow, those left in valve boxes shall be located at zone x-x and clearly identified by a 


marking tag at the controller. 
L. Controller: 


1. Rain Bird Maxicom central controller:   
a. The packaged system enclosure shall be stainless steel and factory assembled and tested. 
b. Flow monitor:  Power supply mounted in the assembly. 
c. Surge protection with removable inserts; protects up to 6 low voltage input devices. 
d. Site rain gauge pole-mounted assembly:  Tipping rain gauge with bracket, 12-foot galvanized steel pole, and a 


Rain Bird pulse decoder pre-wired to the terminal strip. 
e. Ethernet communication. 
f. Lightning protection through the installation of a grounding grid. 
g. Input required:  120 VAC ±10%, 60 Hz. 


2. Rain Bird ESP-LXD modular series controller: 
a. Sensor inputs: 4 (one wired plus up to 3 decoder-managed), with an override switch. 
b. LXMM metal wall mount case:  8, 12, or 16 station requirement. 
c. LXMM-PED metal pedestal:  20 or more station requirement. 
d. Input required:  120 VAC ±10%, 60 Hz. 


M. Valve and Utility Boxes: 
1. Box:  Thermoplastic construction in accordance with ASTM D 256, ASTM D 638, ASTM D 648, ASTM D 790, and 


ASTM D 792. 
2. Cover:  HDPE, T-cover. 


N. Sprinklers: 
1. Gear-driven rotor:  As shown on the Drawings.  Pop-up with radius and arc adjustments, stainless steel riser, and 


a SAM drain check valve. 
2. Spray head:  As shown on the Drawings.  Pop-up with UV-resistant plastic construction SAM and a PRS. 


O. Accessories:  Stainless steel worm-gear clamps with a 3/8-inch wide stainless steel hex head screw. 
PART 3 EXECUTION 
3.1 INSTALLATION  


A. Excavation and Backfill: 
1. Trenching and installation of the irrigation system shall not occur until finish grades are attained and the 


ENGINEER’s approval received. 
2. Excavation: 


a. Unclassified. 
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b. Minimum depth: 
1) Mainline, from finish grade to top of pipe:  24 inches. 
2) Laterals, from finish grade to top of pipe:  18 inches. 
3) Wiring:  Constant side next to mainline. 


c. Width: 
1) Mainline:  Excavate with a minimum of 4 inches on the sides of piping. 
2) Laterals:  Excavate to the narrowest practicable width to perform connections. 


d. Bottom:  Reasonably true to grade and free of protruding stones, roots, and other undesirable material.  
Uniformly slope to low points at a minimum of 3 inches per 100 feet. 


e. Avoid existing interference and utilities by adjusting the grade of the mainline.  Provide the necessary fittings 
and excavation to make the adjustment. 


3. Backfill: 
a. Pipe base material:  Place and firmly compact squeegee sand, 10% passing at 3/8-inch sieve, 3% passing at 


No. 200 sieve, in accordance with ASTM C 33, to 3 inches in depth to provide a uniform, solid foundation for 
mainline pipe.  Maintain 3 inches of depth over piping and compact to 95% of maximum density as determined 
in ASTM D 698 at a moisture content within 2% of optimum. 


b. Place backfill in layers that do not exceed 6-inches and thoroughly compact each layer up to finished grade. 
c. Install poly marker tape and tracer wire as shown on the Drawings. 
d. Settling that occurs during the warranty period shall be repaired at the CONTRACTOR’s expense, including 


damage to other items affected by settling. 
e. Remove excess material and debris from areas disturbed on-site. 


B. Gasketed Pipe: 
1. Cut the pipe squarely; bevel the plain end.  The bevel shall be 15 degrees and 3/4-inch long.  Measure the bell 


depth; mark the pipe for reference.  In cold weather, allow 1/2 inch clearance between the end of pipe and the bell 
stop for future pipe expansion. 


2. Clean debris from the bell area of the fitting.  Seat the gasket completely in the groove and ensure there are no 
raised areas. 


3. Lubricate the gasket and the plain end of the pipe with lubricant supplied by the pipe Manufacturer. 
4. Align the pipe with the fitting; push together by hand with pry bars on the end of the fitting or with 2 pry bars using 


the lugs on the fitting.  Insert until the reference line mark is even with the edge of the fitting bell. 
C. Plastic Pipe: 


1. Plastic pipe shall not be installed when temperatures are below 40°F. 
2. Use the Manufacturer’s recommended sealant for threaded pipe connections. 
3. Lay the pipe on the prepared base and snake it from one side of trench to the other to provide for subsequent 


thermal expansion and contraction. 
4. After the successful completion of hydrostatic pressure testing and with the approval of the ENGINEER, begin 


backfill activities. 
5. Pipe installed under hardscapes (walks, curbs, pavement) shall be inside PVC sleeves. 


D. Solvent Weld Cement and Primers:  Use the type recommended by the Manufacturer of the pipe and the fittings: 
 


Pipe Size (excluding Schedule 80) Solvent Primer Solvent Cement 
Up to 2-inch P-68 purple 710 
Up to 6-inch P-70 purple 705 


Up to 12-inch P-75 aqua-blue 711 
 


E. Thrust Blocking: 
1. Provide thrust blocks at changes in size or direction.  Bends, reducers, plugs, and the opposite side of tee 


branches require thrust blocks. 
2. The working pressure, the size and type of fitting, and the soil conditions on-site will determine the size of the 


thrust block. 
3. Calculate the total thrust by selecting thrust/100 by size and type of fitting from Table 1.  Multiply thrust/100 by 


system pressure and divide by 100. 
4. Divide the total thrust by the bearing capacity of the soil in excavation from Table 2 to determine the area in square 


feet of thrust block required to be in contact with undisturbed soil.  Soil type determined by the ENGINEER. 
 


Table 1:  Thrust/100 Table (Pounds per 100 psi) 
Size (Inches) Tees/Plugs 90˚  45˚  22.5˚  


2 363 513 259 141 
2 1/2 531 751 379 207 


3 788 1,114 562 307 
4 1,302 1,841 928 508 
6 2,822 3,990 2,012 1,101 
8 4,783 6,763 3,410 1,865 
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Table 2: Soil Bearing Capacity 
Soil Type Safe Bearing Load (lbs/sf) 
Soft Clay 1,000 
Sand 2,000 
Sand and Gravel 3,000 
Sand and Gravel Cemented with Clay 4,000 
Hard Pan 10,000 


 
F. Irrigation Line Clearances: 


1. Same trench:  Minimum 6 inch horizontal clearance. 
2. Crossing lines:  Minimum 2 inch vertical clearance. 
3. Other utilities:  Minimum 24 inch clearance in any direction. 


G. Sleeves: 
1. Utilize the following sleeve sizes unless otherwise noted on the Drawings: 


 
Pipe Diamter or Wire 


Bundle Diameter 
Minimum Required Sleeve 


Diamter (Inch PVC) 
3/4-inch to 1 1/4-inch pipe 1 to 2 
1 1/2-inch to 2-inch pipe 2 to 4 
2 1/2-inch to 3-inch pipe 4 to 6 
4-inch to 6-inch pipe 6 to 8 
1 to 25 control wires 1 to 2 
26 to 75 control wires 2 to 4 


 
2. Depth of sleeve: 


a. Mainline:  24 inches from finish grade to top of pipe; extend 2 feet past hardscape. 
b. Laterals:  18 inches from finish grade to top of pipe; extend 2 feet past hardscape. 


3. Sleeved pipe shall be installed on a compacted or non-disturbed subgrade. 
4. Wrap ends with a 3 foot length of Typar type landscape fabric.  Duct tape landscape fabric to the sleeve. 
5. Install mainline, lateral pipe, and control wires if applicable.  Snug fabric around piping; duct tape to prevent backfill 


material from entering the sleeve. 
6. Backfill and compact as outlined for trench excavations. 


H. Valves and Valve Boxes: 
1. Control valves:  Install in a single or clustered configuration as shown on the Drawings; verify with the ENGINEER 


prior to installation. 
2. Isolation valves:  Install with brick foundation and gravel sump as shown on the Drawings. 
3. Valve boxes:  Install on brick foundations and gravel sump as shown on the Drawings. 


a. Lawn areas:  Set cover flush with finish grade. 
b. Mulched areas:  Set flush with the top of the mulch. 


I. Drain Valves: 
1. Pit excavation and preparation: 


a. Install valves on brick foundation with gravel sump as shown on the Drawings. 
b. Excavate 3 feet below the mainline. 
c. Excavate the pit diameter to contain a minimum of 3 cubic feet of crushed rock. 
d. Place Typar type landscape fabric into the hole, and install rock on top of fabric.  The installed rock shall be 


completely covered with fabric to prevent the infiltration of fines. 
2. Install as shown on the Drawings. 


J. System Drainage: 
1. Drain valves:  Locate at the points shown on the Drawings. 
2. Slope lines to ensure the entire system is effectively drained to the drain valves. 


K. Sprinklers: 
1. Sprinkler heads shall be adjusted vertically to be flush with finish grade. 
2. Install heads on double swing joint or swing pipe assemblies.  Use Teflon type pipe compound or the 


Manufacturers recommended compound for the threaded sprinkler connection. 
3. The angle of the swing joints relative to lateral lines shall be between 15 degrees and 45 degrees. 
4. Install with the spacing shown on the Drawings.  Vary the arrangement of heads to avoid trees, shrubs, and other 


obstacles with the approval of the ENGINEER. 
5. Locate a minimum of 2 inches from walkways, drives, paths, curbs, and paved areas. 
6. Tighten nozzles on pop-up spray heads after installation.  Adjust sprinklers for proper coverage and discharge 


rate. 
L. Wiring: 


1. Low-voltage: 
a. The installation of the wiring bundle shall be to one side and as close as possible to the mainline. 
b. Leave a 24-inch coil of wire in each valve box and make connections with 3M DBY splice connectors. 
c. The connection between the controller and the control valves shall be #14 UL/UF wire. 
d. Direct-bury splices shall not be permitted unless contained in a splice box. 
e. Control wire color:  Red. 
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f. Common wire:  White. 
g. Spare wires:  Yellow. 
h. Ground wires at the controller:  Green. 


2. High-voltage:  Electrical wiring shall be installed in accordance with the Manufacturer’s instructions and NFPA 70. 
M. Controller: 


1. Packaged wall-mounted controller assembly:  Make the necessary connections to control wiring, electrical supply, 
grounding, rain can, and network lines. 


2. Install in accordance with the Manufacturer’s instructions. 
3. Verify controller assembly with the ENGINEER; grounding shall provide a resistance of 10 ohms or less. 


N. Flushing:  Flush the mainline before the installation of control valves; flush laterals before the installation of nozzles. 
3.2 QUALITY CONTROL 


A. Testing and Inspection: 
1. The mainline to be tested shall be backfilled as specified prior to testing. 
2. Close angle and ball valves at control valve locations. 
3. Isolate the mainline from the backflow preventer. 
4. Testing shall be performed after the mainline is properly filled, flushed, and purged of air. 
5. The hydrostatic pressure test shall not be performed on solvent welded pipeline and pipe joints for a minimum of 


2 days after installation. 
6. Test the mainline pipe to 1.25 times the maximum working pressure.  Typically test at 100 psi, measured at the 


highest point of the section being tested, for a period of 2 hours.  Allowable pressure drop shall be a maximum of 
5 psi as determined by: 
a. Gasketed pipe:  L =   SD (square root of P)  


148,000 
 Where: 


L = Allowable leakage (gallons per hour) 
S = Length of pipe tested (feet) 
D = Nominal diameter of pipe (inches) 
P = Test pressure (psi) 


b. Solvent weld pipe:  L = 0 
7. Test lateral lines by zone under normal operating pressure until approved by the ENGINEER. 
8. Remove and replace defective piping; perform testing until pressure supply pipes are watertight. 
9. Adhere to the Manufacturer’s instructions.  Central control operation and grounding specifications shall be 


approved by the Manufacturer’s services technician and the ENGINEER before acceptance of the system. 
B. System Balancing:  Adjust flow controls and pressure reducing valves to the required sprinkler head pressure; adjust 


heads for alignment and coverage.  The approval of the ENGINEER is required prior to planting. 
END OF SECTION 
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SECTION 32 91 00 
PLANTING PREPARATION 


PART 1 GENERAL 
1.1 SUMMARY 


A. Section includes general information, products, and execution for planting preparation. 
B. Related Sections: 


1. SECTION 32 92 00 – TURF AND GRASSES 
1.2 REFERENCES 


A. Environmental Protection Agency (EPA): 
1. 503 – Standards for the Use or Disposal of Sewage Sludge 


1.3 SEQUENCING AND SCHEDULING 
A. Plant Deliveries:  Notify the ENGINEER in writing at least 3 days in advance of each delivery. 
B. Planting Season:  May 1 to October 1. 
C. Plant trees and shrubs after final grades are established and before seeding and sodding installations. 
D. Phase landscaping to occur after irrigation or other hardscape installations (if applicable). 


1.4 SUBMITTALS 
A. Product Data:  Labels and data sheets. 
B. Samples:  Representative of stockpiled or imported soil and amendment. 
C. Quality Control Submittals:  Products Supplier list. 


1.5 QUALITY ASSURANCE 
A. Qualifications:  Material Suppliers shall be licensed distributors of the products. 


1.6 DELIVERY, STORAGE, AND HANDLING 
A. Secure material stored on-site. 


PART 2 PRODUCTS 
2.1 MATERIALS 


A. Fertilizer: 
1. Sod areas: 


a. Commercial, uniform in composition, free-flowing, suitable for application with equipment designed for that 
purpose; application rates:  5.6 lbs/1,000 sf. 


b. Mix:  Diammonium phosphate (18-46-0). 
1) N:  18%. 
2) P2O5:  46%. 


c. Fertilizer shall be of neutral character, dry, pelletized or granular, uniform in composition, free-flowing, and 
thoroughly mixed by the Manufacturer. 


2. Seed areas: 
a. Biosol:  All-natural organic fertilizer that is 93% fungal biomass, 4% water, and 3% potassium-magnesia; the 


fungal biomass (dry mycelium) shall be obtained by fermentation on raw materials such as cottonseed meal, 
soybean meal, sucrose, lactose, trace elements, and vitamins under constant sterile conditions: 
1) Application rate:  1500 pounds per acre. 
2) Carbon/nitrogen ratio:  6:1. 
3) pH level:  5 to 6. 


3. Material previously opened, caked, segregated, exceeding the expiration date of application, or otherwise 
damaged shall not be used. 


4. Fertilizer shall be in compliance with local, state, and federal regulations.  Fertilizer applied over water-containing 
structures shall be approved by the ENGINEER. 


B. Soil Amendment: 
1. Organic compost: 


a. Free from lumps, stones, foreign matter, mineral matter, and any composition harmful to plant life. 
b. Composted material with a carbon/nitrogen ratio from 20:1 to 30:1. 
c. Acidity and alkalinity range:  pH 6.0 to 8.0. 
d. Particle size:  Pass through a 1/2-inch sieve. 
e. Soluble salt content:  Maximum of 2.5 dS/m. 
f. Moisture content:  35% to 55%. 
g. Stability:  Stable to highly stable. 
h. Trace elements/heavy metals:  In accordance with EPA 503 exceptional quality concentration limits. 
i. Organic matter content:  Minimum 250 lbs/cy to 300 lbs/cy with a bulk density of 1,000 lbs/cy. 
j. Application rate:  Depth of one inch (approximately 4 cy/1,000 sf). 


C. Topsoil:  Natural, friable, sandy-loam, obtained from well-drained areas, free from objects larger than 1 1/2-inches, 
subsoil, roots, grass, weeds, foreign matter, hazardous or toxic substances, and deleterious materials that may be 
harmful to plant growth or hinder grading, planting, or maintenance. 


D. Mulch: 
1. Stone mulch: 


a. Multi-colored washed river rock:  4-inches to 6-inches. 
b. Multi-colored washed river rock:  1 1/2-inch. 
c. Multi-colored washed river rock:  3/4-inch. 
d. Crushed granite:  3/4-inch. 
e. Pea gravel:  3/8-inch. 
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2. Wood mulch:  Mulch shall consist of shredded red cedar tree trimmings and be free from litter, leaves, boards, 
and trash. 


E. Erosion Control Blanket: 
1. Straw, straw/coconut, or coconut fibers stitched into or between 100% biodegradable nettings woven from 


lightweight, high strength jute yarn. 
2. Slope and durability: 


a. Less than 3:1, 10 month:  Straw matrix bonded with biodegradable thread to a single fiber net. 
b. 3:1, 10 month:  Straw matrix stitch bonded with biodegradable thread between 2 natural fiber nets. 
c. 3:1 to 2:1, 18 month:  70% straw matrix, 30% coconut matrix stitch bonded with biodegradable thread 


between 2 natural fiber nets. 
d. Greater than 2:1, 24 month:  Coconut matrix stitch bonded with biodegradable thread between 2 natural fiber 


nets. 
PART 3 EXECUTION 
3.1 PREPARATION 


A. Scarify compacted subgrade to a 6 inch depth.  Remove stones over 2 1/2-inches, sticks, roots, rubbish, and other 
extraneous material. 


B. Establish rough grades to receive amendment and fertilizer at an appropriate level to meet final grade after placement, 
tilling, and compaction. 


C. Limit preparation to areas that will receive placements within 2 days after subgrade preparation. 
3.2 INSTALLATION 


A. Soil Amendment: 
1. Do not place amendment when subsoil or topsoil is frozen, excessively wet, or when it is otherwise detrimental to 


Work. 
2. Spread compost evenly over the area to be sodded.  Add specified fertilizer at the application rate on subgrade to 


be seeded or sodded.  To thoroughly mix soil components, till to a depth of 6 inches. 
3. Uniformly distribute to within 1/2 inch of final grade.  Fine grade the surface to eliminate rough or low areas; 


maintain levels, profile, and contours.  Hand rake areas inaccessible to machine grading.  Compact with a roller to 
75% of maximum density at a moisture content within 2% of optimum. 


4. Remove stones exceeding 3/4-inch, roots, sticks, debris, and foreign matter during and after placement. 
5. Remove surplus subsoil from the site.  Grade the stockpile area as necessary and place in a condition acceptable 


for planting or seeding. 
B. Mulching: 


1. Washed river rock:  Spread 3/4-inch rock over landscape fabric to an average depth of 3 inches in areas shown 
on the Drawings.  For dry stream beds, add 1 1/2-inch and 4-inch to 6-inch rock at edges as shown on the 
Drawings.  Finish with a narrow, undulating path of pea gravel down the center of the stream bed. 


2. Red cedar mulch:  Apply mulch over landscape fabric to a depth of 3 inches after planting is complete.  Spread 
evenly over the designated area and keep neatly contained within edging. 


3. Crushed granite:  Spread 3/4-inch rock over landscape fabric to an average depth of 3 inches in areas shown on 
the Drawings. 


C. Erosion Control Blanket: 
1. Complete SECTION 32 92 00 prior to installing blankets. 
2. Beginning at the top of the slope, place the blanket in a 6 inch deep by 6 inch wide trench with approximately 


12 inches of blanket extending beyond the up-slope portion of the trench.  Anchor the blanket by using a row of 
staples/stakes approximately 12 inches apart in the bottom of the trench.  Backfill and compact the trench after 
stapling.  Apply seed to the compacted soil and fold the remaining 12 inch portion of the blanket over the seed 
and the compacted soil; secure with a row of staples/stakes spaced approximately 12 inches apart across the 
width of the blanket. 


3. Roll blankets down the slope.  Blankets will unroll with the appropriate side against the soil surface.  Blankets 
shall be securely fastened to the soil surface by the placement of staples or stakes in the locations shown in the 
Manufacturer’s staple pattern guide.  When using the optional Dot System, staples/stakes shall be placed through 
the colored dots corresponding to the appropriate staple pattern. 


4. The edges of parallel blankets shall be stapled with 2 inches to 5 inches of overlap depending on the blanket type. 
3.3 PROTECTION  


A. Protect existing materials found on-site, above and below grade.  Locates for buried utilities and structures are 
required before excavation.  Temporary fencing shall be used to protect plant material in vulnerable locations.  Repair 
damage caused by the execution of this Section. 


END OF SECTION 
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SECTION 32 92 00 
TURF AND GRASSES 


PART 1 GENERAL 
1.1 SUMMARY 


A. Section includes general information, products, and execution for turf and grasses. 
B. Related Sections: 


1. SECTION 32 31 23 – PLASTIC FENCES AND GATES 
2. SECTION 32 91 00 – PLANTING PREPARATION 
3. SECTION 32 93 00 – PLANTS 


1.2 REFERENCES 
A. Code of Federal Regulations (CFR): 


1. 7 CFR Part 201 Federal Seed Act (FSA) 
1.3 DEFINITIONS: 


A. Maintenance Period:  Begin maintenance immediately after each area is planted (seed, sod, or sprig) and continue 
throughout the one year warranty period. 


B. Satisfactory Stand: 
1. A section of grass with bare spots no larger than 3 sf. 
2. A section of grass with less than 10% of the total area having bare spots larger than one sf. 
3. A section of grass with less than 15% of the total area having bare spots larger than 6 square inches. 


C. Replacement Area:  Areas disturbed by the activities of the CONTRACTOR. 
1.4 SEQUENCING AND SCHEDULING 


A. Before beginning the Work of this Section, complete planting as specified in SECTION 32 93 00 and prepare 
subgrade as specified in SECTION 32 91 00. 


B. Complete the Work described herein within 10 days of the completion of soil preparation. 
C. Notify the ENGINEER in writing at least 3 days in advance of each material delivery and at the start of seeding activity. 
D. Seed and Sod Installation:  March 15 to June 15; September 1 to October 15. 


1.5 SUBMITTALS 
A. Product Data:  Seed and sod labels and data sheets. 
B. Quality Control Submittals: 


1. Certifications:  Seed analysis, germination rate, and inoculation; certify that each lot of seed was tested within 
6 months of the date of delivery by a certified seed testing laboratory.  Include with certification: 
a. The name and address of the laboratory. 
b. The date of the test. 
c. The lot number for each seed specified. 
d. Test results:  Name; percentages of purity and of germination; weed content for each kind of seed provided. 
e. The proportions of each kind of seed. 


C. Administrative Submittals:  Sod load tickets. 
D. Warranty Documentation: 


1. Sample warranty. 
2. Warranty. 


1.6 DELIVERY, STORAGE, AND HANDLING 
A. Seed:  Provide in standard containers with the seed name, lot number, net weight, percentages of purity, germination, 


and the hard seed and maximum weed seed content clearly marked for each container of seed; keep dry during 
storage. 


B. Hydroseeding Mulch:  Mark the air dry weight on the package of wood fiber mulch. 
C. Sod: 


1. Deliver sod on pallets properly loaded on vehicles with the root system protected from exposure to sun, wind, and 
heat.  Label with botanical and common names of each grass species in accordance with the FSA.  Sod damaged 
by poor handling or improper storage shall not be used. 


2. Protect from dehydration, contamination, freezing, and heat.  Keep stored sod moist and under shade or covered 
with moistened burlap. 


3. Stack no more than 2 feet deep. 
4. Sod rolls shall not be dropped from carts, trucks, or pallets. 
5. Do not deliver more sod than can be installed within 2 days. 


D. Fertilizer: 
1. Deliver inorganic or chemical fertilizer to the Work site in its original, unopened container bearing the 


Manufacturer's guaranteed chemical analysis, name, trade name, trademark, warranty, and conformance to state 
law. 


2. Material shall be inspected upon arrival at the Work site. 
3. Immediately remove unacceptable material from the Work site. 


1.7 SITE CONDITIONS 
A. Perform Work under favorable weather and soil moisture conditions as determined by acceptable local practice. 


1.8 WARRANTY 
A. Warranty for 5 years from the Substantial Completion date for the satisfactory performance and installation of the turf 


and grasses system and associated appurtenances. 
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PART 2 PRODUCTS 
2.1 MATERIALS 


A. Fertilizer:  Commercial, as specified in SECTION 32 91 00. 
B. Water:  Free of substances harmful to plant growth. 
C. Sod:  Colorado grown Kentucky Bluegrass blend having a healthy, vigorous root system.  The blend shall contain a 


minimum of 3 improved varieties of which at least one is an aggressive type. 
D. Seed: 


1. Fresh, clean new-crop seed in compliance with the tolerance for purity and germination established by the AOSA. 
2. Seeds of legumes:  Inoculated with a pure culture of nitrogen-fixing bacteria prepared specifically for legume 


species in accordance with the Manufacturer's instructions. 
3. Weed free with a purity of 99%. 
4. Germination shall exceed 85%. 
5. Seeding mixtures shall be applied at a PLS rate per acre as follows: 


a. Type 1 – native mix: 
 


Species Percentage 
of Mix  


Pounds of 
PLS/Acre 


Western Wheat Grass 35 14 
Blue Grama Grass – 
Northern Native 


20 8 


Side Oats Grama 20 8 
Covar Sheep’s Fescue 15 6 
Little Blue Stem – Native 10 4 
TOTAL    100 40 


 
6. Compensate for the percentage of purity and germination by providing sufficient additional seed to equal the 


specified PLS product.  The formula for determining the quantity of PLS:  Pounds of Seed (Bulk) x Purity x 
Germination = Pounds of PLS. 


E. Hydromulching – Wood Cellulose Fiber Mulch: 
1. Specially processed wood fiber containing no growth or germination inhibiting factors. 
2. Organic green dye to facilitate the inspection of material placement. 
3. Manufactured such that after addition and agitation in slurry tanks with water, the material fibers shall become 


uniformly suspended to form a homogenous slurry. 
4. When hydraulically sprayed on the ground, the material shall allow moisture absorption and percolation. 


F. Tackifier: 
1. Derived from natural, organic plant sources containing no growth or germination inhibiting materials. 
2. Capable of hydrating in water. 
3. Readily blendable with other slurry materials. 
4. Coverage rate of 40 pounds per acre. 


G. Fence:  Seeded and sodded areas shall be protected against damage from pedestrian or vehicle traffic as specified by 
the ENGINEER; fence material shall be clearly visible and suitable for deterring traffic as specified in SECTION 
32 31 23. 


PART 3 EXECUTION 
3.1 GENERAL 


A. Areas disturbed by the CONTRACTOR’s operation such as, but not limited to, earthwork, construction, construction 
traffic, and the storage of equipment or materials shall be restored to existing condition. 


3.2 PREPARATION 
A. Prepare subgrade as specified in SECTION 32 91 00. 
B. Seed by evenly spreading fertilizer over the area at a rate of 1,500 lbs/acre. 
C. Sod by evenly spreading 1 1/3 inches of compost over the area. 
D. Till in thoroughly to a minimum depth of 6 inches. 
E. Grade areas to a smooth, even surface with loose, uniformly fine texture. 
F. Roll to compact.  Rake to remove ridges, fill depressions, and meet finish grades. 
G. Limit Work to areas to be planted within the immediate future. 
H. Remove debris, stones larger than 3/4-inch, and other objects that may interfere with planting and maintenance 


operations. 
I. Restore prepared areas to the specified condition if eroded or otherwise disturbed after preparation and prior to 


planting. 
3.3 INSTALLATION 


A. Seeding: 
1. Start seeding within 3 days of the completion of soil preparation. 
2. Hydroseed slopes steeper than 3:1.  Flatter slopes shall be drill seeded.  Mechanical seeding may be used where 


weight or access of machinery is a problem. 
3. Mechanical:  Broadcast seed in 2 different directions and compact the seeded area with a cultipacter or roller. 
4. Sow seed at a uniform rate:  Type I, one lbs/1,000 sf. 
5. Use a rangeland drill type seeder with a packer wheel. 
6. Broadcasting is only allowed in areas too small to use a rangeland drill type seeder.  Where seed is broadcast, 


increase the seeding rate by 100%. 
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7. Broadcast seed shall be raked in or covered with a minimum of 1/4 inch of soil. 
B. Sodding: 


1. Lay sod on dry soil. 
2. Lay with the longest dimension parallel to contours and in continuous rows. 
3. Tightly butt the ends and the sides of sod together.  Stagger and compact vertical joints between sod strips by 


rolling so that sod is incorporated with the ground surface.  Ensure tight joints between adjacent pieces.  Ensure 
sod is not stretched or overlapped. 


4. Add topsoil along exposed edges to match adjacent grade.  Feather topsoil out approximately one foot from the 
edge of the sod.  Broom screened topsoil over the entire sodded area to fill voids; do not smother sod. 


5. Roll when soil and sod are moist.  Roll sod lightly as soon as possible after it is laid.  The roller shall weigh 100 
pounds to 160 pounds per foot of roller.  Delay rolling until just prior to the second watering. 


6. Assure that finished areas of sod are graded such that positive drainage of storm and irrigation water will occur 
and ponding of water is minimized. 


7. Thoroughly water sod immediately after laying to a depth sufficient to thoroughly wet the underside of the new sod 
strips and the soil below the sod. 


8. Maintain a spongy, wet surface for 7 days then begin to lessen the water requirement. 
C. Hydroseeding: 


1. Application rate:  2,500 pounds per acre plus 2 times the seed application requirements. 
2. Apply on moist soil after free surface water has drained away. 
3. Prevent drift and displacement of the mixture into other areas. 
4. Upon application, allow moisture absorption and percolation into the ground. 


D. Hydromulching: 
1. Apply immediately upon the seed being drilled. 
2. Apply wood cellulose fiber uniformly at a rate of 2,500 pounds per acre. 
3. Apply uniformly across the surface of the soil in the designated area. 
4. Mix tackifier at a rate of 40 pounds per acre with wood cellulose fiber or in accordance with the Manufacturer’s 


instructions. 
5. Apply water with fine spray after mulching to saturate the top 2 inches of the soil; repeat daily as required to keep 


the 2-inch profile moist during the 14 to 30 day germination period. 
3.4 QUALITY CONTROL  


A. Sod materials shall be subject to inspection and acceptance.  Prior to acceptance, the ENGINEER reserves the right 
to reject sod materials if, in the ENGINEER’s opinion, the materials fail to meet the requirements herein. 


B. Inspection Control: 
1. Inspection control is primarily for quality; however, other requirements shall not be waived even though visual 


inspection results in acceptance.  Notify the ENGINEER in writing 2 days in advance of the intended sod farm 
prior to cutting for inspection.  Inspection at the growth site shall not rule out the right of rejection at the Work site. 


2. Promptly remove rejected sod from the Work site. 
3. The ENGINEER will periodically inspect during sodding, at its completion, and at the end of the warranty period. 


C. Sod Standards: 
1. Sod shall be healthy, thick turf having undergone a program of regular fertilization, mowing, and weed control that 


is free of objectionable weeds and uniform in green color, leaf texture, and density.  It shall have a healthy, 
vigorous root system and when inspected be free of disease, nematodes, pests, and pest larvae. 


2. Each piece of sod shall have a sandy-loam soil base that will not break, crumble, or tear during sod installation. 
3. Thickness:  Minimum 3/4-inch, excluding top growth and thatch. 
4. Thatch:  Not to exceed 1/2-inch uncompressed. 
5. Size:  Cut in 18-inch wide strips within one day of delivery. 


D. Unconditionally guarantee a satisfactory stand of grasses in locations seeded throughout the entire warranty period. 
E. Eight weeks after seeding is complete and upon written notice from the CONTRACTOR, the ENGINEER will, within 


15 days of receiving the notice, determine if a satisfactory stand is established. 
F. If a satisfactory stand is not established, the ENGINEER will make another determination following the next growing 


season after receiving written notice from CONTRACTOR. 
G. Maintenance: 


1. Seed maintenance includes: 
a. Keeping the surface moist to establish a satisfactory stand. 
b. Repairing washouts by filling with topsoil, fertilizing, seeding, and mulching. 
c. Replacing mulch wherever and whenever it is washed or blown away. 
d. Weed control. 
e. Repairing and maintaining fences until a satisfactory stand of grass is established. 
f. Reseeding unsatisfactory areas, or portions thereof, immediately at the end of the maintenance period if a 


satisfactory stand is not established. 
g. Reseeding or replanting during the next planting season if the scheduled end of maintenance period falls 


after consistent ground freeze. 
h. Reseeding or replanting the entire area if a satisfactory stand does not develop by July 1 of the following 


year. 
2. Sod maintenance includes: 


a. The maintenance period shall begin immediately after each area is sodded and shall continue until the 
Substantial Completion date or a minimum of 30 days, whichever is later.  During this time, water, mow, 
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spray, weed, aerate, fertilize, and perform related work as necessary to ensure that sodded areas are in a 
vigorous growing condition. 


b. Providing supervision, labor, material, and equipment to maintain turf areas. 
c. Ensuring materials are as specified in this Section. 
d. Initial watering of sod shall begin when Work is complete and the irrigation system is operable under full 


control. 
e. Watering sod sufficiently to moisten subsoil at least 4 inches deep in a manner that does not cause erosion 


or damage to adjacent finished surfaces.  Water shall be free of substances harmful to plant growth. 
f. Providing water from an underground sprinkler system, quick-couplers, or other source. 
g. Mowing and trimming around trees (keeping mulch in saucers and beds), walls, fences, etc., and maintaining 


turf at 2 1/2-inches to 3-inches in height; do not remove more than 1/3 of grass leaf in a single mowing; 
remove grass clippings from pavement areas. 


h. Resodding spots larger than one sf not having a healthy, uniform stand of grass. 
i. Weed control as required using selective herbicides approved by the ENGINEER. 
j. Final acceptance: 


1) At the end of the warranty period, the ENGINEER will, upon written notice of end of the warranty period, 
inspect the Work for final acceptance.  Ensure the written request is received at least 10 days before the 
anticipated date for final inspection. 


2) The ENGINEER will inspect and approve repairs and replacements. 
3) Sod areas will be accepted when: 


a) Roots are thoroughly knit to the soil. 
b) There is an absence of visible joints. 
c) Each area shows a uniform stand of specified grass in a healthy condition that is free of weeds, 


diseases, and other visible imperfections. 
d) At least 30 days have elapsed since the completion of the Work under this Section. 


3.5 PROTECTION 
A. Protect from pedestrian or vehicle traffic by erecting a temporary fence around each newly seeded or sodded area. 


END OF SECTION 
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SECTION 32 93 00 
PLANTS 


PART 1 GENERAL 
1.1 SUMMARY 


A. Section includes general information, products, and execution for plants. 
B. Related Sections: 


1. SECTION 32 91 00 – PLANTING PREPARATION 
1.2 REFERENCES 


A. American National Standards Institute (ANSI): 
1. Z60.1 – Nursery Stock 


B. Colorado Nursery Act (CNA): 
1. Title 35, Article 26, Section 111, CRS 1973 


C. Hortus Third, 1976 (Plant Encyclopedia) 
1.3 DEFINITIONS 


A. Shade and Flowering Trees: 
1. In size grading B&B shade trees, caliper takes precedence over height. 
2. In size grading B&B small and flowering trees, height shall take precedence up to 6 feet, and then caliper takes 


precedence. 
3. In size grading bare root and container trees, height shall take precedence up to 6 feet for small and flowering 


trees and 8 feet for shade trees, and then caliper takes precedence. 
4. Caliper of the trunk shall be taken 6 inches above the ground up to and including 4-inch caliper size.  Larger sizes 


shall be measured 12 inches above the ground. 
5. The minimum size allowable for that grade shall include plants from that size up to, but not including, the next 


larger grade size. 
B. Deciduous shrubs, coniferous evergreens, and broadleaf evergreens:  The size shall be the minimum size allowable 


for that grade, including plants from that size up to, but not including, the next larger grade size. 
C. Perennial Plants:  Graded by plant size and container size.  Plant size refers to the minimum size for a specific grade. 


1.4 SEQUENCING AND SCHEDULING 
A. Plant Deliveries:  Notify the ENGINEER in writing a minimum of 3 days in advance of each delivery. 
B. Planting Season:  May 1 to October 1. 
C. Plant trees and shrubs after final grades are established and before seeding or sodding installations. 
D. Phase landscaping to occur after irrigation system installation or other hardscape installations. 


1.5 SUBMITTALS 
A. Product Data:  For the manufactured products specified. 
B. Quality Control Submittals: 


1. Products Supplier list. 
2. Complete soil nutrient test, if applicable. 
3. Qualifications for Suppliers and landscape installers. 
4. Watering schedule. 


C. Contract Closeout Submittals: O&M instructions for the care and maintenance of each type of plant material. 
D. Warranty Documentation: 


1. Sample warranty. 
2. Warranty. 


1.6 QUALITY ASSURANCE 
A. Qualifications: 


1. A minimum of 5 years of documented experience in the Work of this Section. 
2. Approved by the Manufacturer. 


B. Material Suppliers:  Products shall meet industry standards for type and quality; nursery stock shall be in accordance 
with ANSI Z60.1 and CNA, Title 35. 


1.7 DELIVERY, STORAGE, AND HANDLING 
A. Cover plants during shipment with a tarpaulin or other suitable covering to minimize desiccation. 
B. B&B Plants:  Wrap each ball firmly with burlap; securely bind burlap with twine, cord, or wire; drum lace balls 


30-inches or more in diameter. 
C. Store plants in a designated staging area.  If B&B stock are not installed within 8 hours, provide mulch or excavated 


soil in the staging area to cover the bottom 2/3 of the root ball.  Maintain plant watering requirements until installation 
occurs. 


1.8 WARRANTY 
A. Warranty for one year from the Substantial Completion date, for the satisfactory performance and installation of the 


plants and associated appurtenances. 
B. In accordance with the accepted submittal on the care and maintenance of plants and as follows: 


1. Maintain by watering, pruning, cultivating, and weeding as required for healthy growth.  Restore planting saucers. 
2. Tighten and repair stake and guy supports and reset trees and shrubs to proper grades or vertical position as 


required. 
3. Restore or replace damaged wrappings.  Spray to keep trees and shrubs free of insects and disease as required. 
4. Maintenance includes providing temporary protection fences as required. 
5. Provide the watering schedule to the ENGINEER. 
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6. Guarantee workmanship and installed materials; provide for removal and replacement with new, like 
genus/species plants with those transplanted or newly planted plants found defective, dead, or not in a vigorous, 
thriving condition within the one year period after the Substantial Completion date. 


PART 2 PRODUCTS 
2.1 APPROVED MANUFACTURERS 


A. Anchors: 
1. Duckbill 40 and 68 
2. Uni-Anchor 


2.2 MATERIALS 
A. Trees, Shrubs, and Groundcover: 


1. Provide the quantity, size, genus, species, and variety of trees and shrubs indicated on the plant list.  Grade and 
sizing shall be in accordance with ANSI Z60.1. 


2. Nomenclature (names of plants) shall be in accordance with Hortus Third. 
3. Quality and size: 


a. Nursery-grown, with the habit of growth normal for the species. 
b. Sound, healthy, vigorous, and free from insects, disease, and injury. 
c. Equal to or exceeding the measurements specified in the plant list. 
d. The root system of container-grown plants shall be well developed and well distributed throughout the 


container such that roots visibly extend to the inside face of the container. 
e. Pruning shall only occur upon approval of the ENGINEER. 
f. Size, canes, and spread in accordance with ANSI Z60.1 for the kind and type of plants required. 
g. B&B plants shall have a firm, intact ball of earth encompassing enough of the fibrous and feeding root system 


to enable full plant recovery. 
h. Meet the minimum spread height to ball requirements in accordance with ANSI Z60.1. 
i. Container-grown plants shall be self-established root systems sufficient to hold earth together after removal 


from the container. 
j. Stock shall be grown in delivery containers for 6 months to 2 years. 


4. Label each tree and shrub of a variety with a securely attached waterproof tag bearing the legible designation of 
the botanical and common names. 


B. Guying, Staking, and Wrapping: 
1. Steel T-posts:  Length as required. 
2. Guy wires:  12 gauge galvanized steel. 
3. Anchors:  As required. 
4. Tree tie strap:  Nylon strap with grommets. 
5. Tree wrapping material:  Approved paper tree wrap. 
6. Burlap:  Of first quality, a minimum 8 ounces in weight and between 6-inches and 10-inches in width. 


C. Planting Soil – Volumetric Mix:  1/2 excavated pit soil with 1/2 approved compost as specified in SECTION 32 91 00. 
D. Fertilizer:  Complete, granular, timed release, 18% N-7% P-10% K. 


PART 3 EXECUTION 
3.1 GENERAL  


A. Protect existing on-site materials above and below grade.  Locates for buried utilities and structures are required 
before excavation.  Temporary fencing shall be used to protect plant material in vulnerable locations.  Repair damage 
caused by the execution of this Section. 


3.2 PREPARATION 
A. Locate new plantings by staking positions as shown on the Drawings. 
B. Planting, except ground cover, shall not be located within 18 inches of pavements, pedestrian pathways, and 


structures. 
C. Notify the ENGINEER in writing if utility, drainage, or irrigation lines prohibit exact placement.  Adjust as required. 
D. Planting Soil:  Delay the mixing of amendments and fertilizer if planting will not follow within 2 days.  For pit backfill, 


mix compost with excavated soil at the required rate as specified in this Section and backfill immediately upon 
placement. 


E. Plants:  Place on undisturbed existing soil or well-compacted backfill. 
F. Trees and Shrubs: 


1. Pits, beds, and trenches:  Excavate with vertical and scarified sides. 
2. B&B trees:  16-inches plus root ball width, as shown on the Drawings. 
3. B&B shrubs:  12-inches plus root ball width, as shown on the Drawings. 
4. Container-grown stock:  Excavate as specified for B&B shrubs; adjust for size of container width and depth. 
5. Compact planting soil in the bottom of the pit before placing plant material. 


G. Planting: 
1. Plant trees before planting surrounding shrubs and ground covers.  Adjust plants with the most desirable side 


facing toward the prominent view (e.g., sidewalk, building, or street). 
2. B&B plants:  Place in the pit by lifting and carrying by the ball; do not lift the plant by its branches or trunk; remove 


plastic or wire basket in its entirety from the root ball; set straight and in the pit center with the top of the root ball 
2 inches above adjacent finish grade. 


3. Container-grown plants:  Remove containers and slash the edges of root balls from top to bottom at least one inch 
deep.  For one gallon and 5 gallon containers, keep the top of the plant 1/2 inch above finish grade; larger 
containers shall be planted in accordance with the requirements for B&B plants. 
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H. Backfilling:  Use planting soil mix for B&B plants: 
1. Partially backfill the pit to support the plant; remove burlap and binding from the sides and tops; do not pull burlap 


from under the balls. 
2. Compact in 6-inch lifts and when excavation is approximately 2/3 full, water thoroughly before placing the 


remainder of the backfill to eliminate air pockets. 
3. Finish backfilling the pit sides. 
4. The top of the root ball shall not be covered with soil; form a saucer above existing grade completely around the 


outer rim of the plant pit. 
I. Guying, Staking, and Wrapping: 


1. Support trees immediately after planting to maintain plumb position. 
2. Support deciduous trees over one-inch in caliper and upright evergreen trees with 3 guys equally spaced.  Wires 


shall be tightened firmly. 
3. Install tree wrap between October 1 and May 1, then remove wrapping. 
4. Begin wrapping at the bottom of the trunk and spiral upwards to the first set of branches; fasten securely with 


staple or tape. 
J. Fertilizer: 


1. Spread timed release fertilizer on the soil around the base of trees, shrubs, and perennials. 
2. The rate of application shall be in accordance with the Manufacturer’s recommendation. 


K. Pruning and Repair:  After planting, prune in accordance with standard horticultural practice to preserve the natural 
character of the plant with the approval of the ENGINEER.  Remove dead wood, suckers, and broken or badly bruised 
branches.  Use clean, sharp tools.  Do not prune main leaders. 


L. Pest and Weed Control:  Integrated pest and weed management practices shall apply.  Submit pesticide/herbicide 
applications in writing to the ENGINEER for approval prior to use conforming to the OWNER’s water quality approved 
chemicals list. 


END OF SECTION 
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SECTION 32 94 00 
PLANTING ACCESSORIES 


PART 1 GENERAL 
1.1 SUMMARY 


A. Section includes general information, products, and execution for planting accessories. 
1.2 SUBMITTALS 


A. Product Data:  Labels and data sheets. 
B. Samples:  Representative of specified material. 
C. Quality Control Submittals:  Products Supplier list. 


1.3 DELIVERY, STORAGE, AND HANDLING 
A. Deliver materials to the site in the Manufacturer's original, unopened containers and packaging with labels clearly 


identifying the product name and the Manufacturer. 
B. Store materials in a clean, dry area protected from weather in accordance with the Manufacturer's instructions. 
C. Protect materials during handling and installation to prevent damage. 


PART 2 PRODUCTS 
2.1 APPROVED MANUFACTURES 


A. Steel Edging: 
1. Dura-Edge 
2. No substitutes 


2.2 MATERIALS 
A. Landscape Fabric: 


1. Fabric:  Fuzzy surface on one side. 
2. Material:  Black woven PP. 
3. Fabric weight:  4.7 oz/sy. 
4. Thickness:  28 mils. 
5. Burst:  275 psi. 
6. UV resistance:  70%. 


B. Steel Edging: 
1. Brown powder-coated steel, 12 gauge:  4-inch by 10-foot sections with stake slots. 
2. Steel stakes:  4 per piece. 


C. Ornamental Boulders: 
1. Utilize Colorado moss rock or granite boulders as shown on the Drawings. 
2. Boulders shall be the approximate length and width shown on the Drawings allowing a minimum of 2 feet of visible 


height after being set. 
PART 3 EXECUTION 
3.1 INSTALLATION 


A. Landscape Fabric: 
1. Install material fuzzy side up. 
2. Fabric shall follow the contours of the area being covered; keep taut and pin. 
3. Planting soil shall not be allowed to contaminate the mulch on top of the landscape fabric. 
4. Fabric shall be cut to the outside perimeter of plant watering saucers. 


B. Steel Edging: 
1. The top of the mulch, the edging, and the finish grades shall be flush. 
2. Install in a smooth continuous line without bends or kinks. 
3. Anchor at slotted points, 4 per piece, and lock sections together. 


C. Ornamental Boulders: 
1. Consult with the ENGINEER for the orientation of boulders before placement. 
2. Excavate a 6-inch to 8-inch deep cut slightly larger than the boulder.  Ease boulders into place with the correct 


orientation; do not drop the boulder from a bucket and attempt to correct by rolling or spinning. 
3. Backfill and compact around the boulder to the grades shown on the Drawings. 


END OF SECTION 







 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


THIS PAGE IS INTENTIONALLY LEFT BLANK. 
 
 
 
 
 
 
 
 
 





		32 11 23 - Aggregate Base Course

		PART 1 GENERAL

		1.1 summary

		A. Section includes general information, products, and execution for aggregate base course.



		1.2 references

		A. American Association of State Highway and Transportation Officials (AASHTO):

		1. M 147 – Standard Specification for Materials for Aggregate and Soil-Aggregate Subbase, Base, and Surface Courses



		B. ASTM International (ASTM):

		1. D 698 – Standard Test Methods for Laboratory Compaction Characteristics of Soil Using Standard Effort (12,400 ft-lbf/ft3 (600 kN-m/m3))



		C. Colorado Department of Transportation (CDOT):

		1. Standard Specifications for Road and Bridge Construction





		1.3 submittals

		A. Samples:  30 pounds of proposed aggregate base course.

		B. Quality Control Submittals:   Laboratory tests.





		PART 2 products

		2.1 materials

		A. Aggregates:

		1. Aggregates for bases shall meet the grading requirements shown on the Drawings.

		2. Aggregates for bases shall be crushed stone, crushed slag, crushed gravel, or natural gravel in accordance with AASHTO M 147, except that ratio requirements for the minus No. 200 sieve fraction to the minus No. 40 sieve fraction do not apply.

		3. Requirements for the Los Angeles abrasion test do not apply to Class 1, 2, and 3.

		4. The liquid limit shall be as shown in Table 1; the plasticity index shall not exceed 6.0.

		5. In accordance with the Standard Specifications for Road and Bridge Construction.



		B. Gradations:

		C. The use of recycled concrete for aggregate base course is not acceptable.

		D. For pavement, curb and gutter, and sidewalks within the right-of-way, meet the more stringent requirements of the jurisdiction having authority and this Section.





		PART 3 EXECUTION

		3.1 PREPARATION

		A. Foundation:

		1. The foundation shall be considered to be the finished earth subgrade, subbase course, or base course upon which any subbase, base, or surface course is to be constructed.

		2. Preparation shall consist of the Work necessary to restore, correct, strengthen, or prepare the foundation to a condition suitable for applying and supporting the intended course.

		3. Aggregate base course for roads, parking areas, sidewalks, and slabs on grade:

		a. The top 6 inches of topsoil shall be stripped within the area to be aggregate surfaced.

		b. Following the stripping of the topsoil, the upper 12 inches of subgrade shall be scarified and compacted to a minimum of 98% compaction in accordance with ASTM D 698.

		c. On-site material may be used for compacted fill for aggregate base course if approved by the ENGINEER.

		d. Fill shall be placed within 2% of optimum moisture content and compacted to a minimum of 98% compaction in accordance with ASTM D 698.



		4. The foundation shall be prepared and constructed to have a uniform density.  It shall be brought to the required alignment and cross-section with equipment and methods adapted for that purpose.  Upon completion of shaping and compacting operations,...

		5. Holes, ruts, and other depressions in the foundation shall be filled with materials similar to those existing in the foundation.  High places shall be excavated and removed to the required line, grade, and section.

		6. Areas of yielding or unstable material shall be excavated and backfilled with stabilization rock as determined by the ENGINEER.  Base course material shall not be placed on a foundation that is soft, spongy, or covered by ice or snow.  Base course ...

		7. The ENGINEER will direct the CONTRACTOR to make minor adjustments in the finish grade from that shown on the Drawings as may be necessary or desirable to maintain the characteristics of a stabilized foundation by minimizing the amount of cutting in...



		B. Earth Subgrade:

		1. When the foundation is an earth subgrade it shall be prepared by removing vegetation, excavating and removing materials, filling depressions, scarifying, shaping, moisture content, and smoothing and compacting to meet the required grade, section, m...

		2. Stones greater than 3-inches shall be removed.





		3.2 installation

		A. Aggregate base course shall be constructed to the width and section shown on the Drawings.

		B. The maximum compacted thickness of a layer shall not exceed 8-inches.

		C. Each layer shall be constructed as far in advance of the successive layer as directed by the ENGINEER.  The Work shall proceed from the point nearest the point of supply of aggregate so that hauling equipment travels over the previously placed mate...

		D. The material shall be deposited on the soil foundation or on the previously placed layer in a manner that minimizes segregation and facilitates spreading to a uniform layer of the required section.  In the event that blending of materials is necess...

		E. Equipment:

		1. Equipment shall be capable of performing the Work required by this Section.  Inadequate equipment shall be replaced or supplemented.

		2. Improperly used equipment shall be cause for rejection of Work if, in the opinion of the ENGINEER, the Work fails to meet the requirements of this Section.

		3. Equipment used for compaction shall be the rolling type, the vibratory type, or a combination thereof and be of sufficient capacity to meet the compaction requirements herein.



		F. Compaction:

		1. After a layer or course is placed and spread to the required thickness, width, and contour, it shall be compacted.  If the material is too dry to readily attain the required density, it shall be uniformly moistened to the degree necessary for prope...

		2. Compaction of each layer shall continue until the required density listed herein is reached.  The surface of each layer shall be maintained during compaction operations in such a manner that a uniform texture is produced and aggregates are firmly k...

		3. In areas where proper compaction is not obtainable due to the segregation of materials, excess fines, or other deficiencies in aggregate, it shall be reworked as necessary or the material shall be removed and replaced with aggregates as specified i...

		4. The surface of each layer shall be kept true and smooth.



		G. Mixing:

		1. Mix aggregate by one of the following methods:

		a. Stationary plant method:

		1) Aggregate base course and water shall be mixed in an approved mixer.

		2) After mixing, the aggregate shall be transported to the Work site while it contains the proper moisture content.  It shall then be placed on the roadbed by means of an approved spreader.



		b. Travel plant method:  After the material for each layer has been placed through an aggregate spreader or window-sizing device, it shall be uniformly mixed by a traveling mixing plant.

		c. Road mix method:  After material for each layer has been placed, it shall be mixed while at optimum moisture content by motor graders or other approved equipment until uniform.











		32 12 16 - Asphalt Paving

		PART 1 GENERAL

		1.1 Summary

		A. Section includes general information, products, and execution for asphalt paving.



		1.2 REFERENCEs

		A. American Association of State Highway and Transportation Officials (AASHTO):

		1. M 208 – Standard Specification for Cationic Emulsified Asphalt

		2. M 226 – Standard Specification for Viscosity-Graded Asphalt Cement

		3. T 90 – Standard Method of Test for Determining the Plastic Limit and Plasticity Index of Soils

		4. T 96 – Standard Method of Test for Resistance to Degradation of Small-Size Course Aggregate by Abrasion and Impact in the Los Angeles Machine

		5. T 182 – Standard Method of Test for Coating and Stripping of Bitumen-Aggregate Mixtures

		6. T 195 – EN-Standard Method of Test for Determining Degree of Particle Coating of Asphalt Mixtures

		7. T 209 – Theoretical Maximum Specific Gravity and Density of Bituminous Paving Mixtures



		B. Colorado Department of Transportation (CDOT):

		1. Colorado Procedure 41

		2. Colorado Procedure 44

		3. Colorado Procedure 81

		4. Standard Specifications for Road and Bridge Construction





		1.3 SUBMITTALS

		A. Quality Control Submittals:

		1. Certificates of compliance for the following materials:

		a. Aggregate:  Gradation.

		b. Asphalt for binder:  Type and grade.

		c. Prime coat:  Type and grade of asphalt.

		d. Tack coat:  Type and grade of asphalt.

		e. Mixes:  Conforms to job-mix formula.



		2. Test results:

		a. Mix design:

		1) Aggregate gradation.

		2) Asphalt content.

		3) Stability number.



		b. Asphalt concrete cores:

		1) Permeability.

		2) Density.



		c. Uncompacted mix:

		1) Asphalt content.

		2) Aggregate gradation.



		d. Asphalt cement for binder.







		1.4 QUALITY ASSURANCE

		A. Materials and installation shall be in accordance with the Standard Specifications for Road and Bridge Construction.

		B. Local Jurisdiction Requirements:

		1. Paving requirements shall be in accordance with the authority having jurisdiction.

		2. Jurisdictional requirements shall govern when in conflict with the Contract Documents.

		3. The guidelines herein are provided to assist the CONTRACTOR in understanding specific requirements of the local jurisdiction; however, it is the CONTRACTOR’s responsibility to confirm these requirements.





		1.5 site conditions

		A. Bituminous plant mix shall be placed only on properly constructed surfaces that are free from water, snow, and ice.  The mixtures shall be placed in accordance with the temperature limitations of the following table and only when weather conditions...

		1. Air temperature is taken in the shade.

		2. Surface is defined as the existing base on which the new pavement is to be placed.







		PART 2 products

		2.1 materials

		A. Hot Bituminous Asphalt:

		1. Aggregate:

		a. Mineral aggregates for hot plant mix bituminous pavement shall be of uniform quality and composed of clean, hard, durable particles of crushed stone, crushed gravel, natural gravel, or crushed slag.

		b. Excess fine material shall be wasted before crushing.

		c. Natural sand is unprocessed, naturally occurring fine aggregate composed mostly of round particles.

		d. Aggregates shall be non-plastic when tested in accordance with AASHTO T 90.

		e. Reclaimed material shall be of uniform quality.  The maximum size of the reclaimed asphalt pavement shall be 1 1/2-inches prior to introduction to the mixer.  The maximum aggregate size contained in the combination of reclaimed asphalt pavement and...

		f. Material shall not contain clay balls, vegetable matter, or other deleterious substances.

		g. Aggregate for Gradings S, SX, and SG shall have no more than 45% wear when tested in accordance with AASHTO T 96.



		2. Aggregate for cover coat material:

		a. Crushed stone, crushed slag, crushed gravel, or natural gravel.

		b. Composed of clean, tough, durable fragments free from an excess of flat, elongated, soft, or disintegrated pieces, and free from fragments coated with dirt or other objectionable matter.  Slag shall be air-cooled, blast-furnace slag reasonably unif...

		c. Aggregate for Grading SX, used as cover coat material, shall have a percentage of wear no more than 35% when tested in accordance with AASHTO T 96.  The material shall not contain clay balls, vegetable matter, or other deleterious substances.  Exce...

		d. Only one type of aggregate shall be used on the Project.

		e. When tested in accordance with AASHTO T 182, aggregate shall have retained bituminous film above 95%.  To meet this requirement, an approved additive may be added to the mix.



		3. Grading and combining aggregates:

		a. Grade and combine aggregates in proportions wherein the resulting composite blend meets the requirements of the formula for the Work.

		b. Gradation, with the allowable tolerances, shall be as designated in the table below (i.e., Section 703.04 of the Standard Specifications for Road and Bridge Construction).



		4. Liquid asphaltic materials:  Hot liquid asphalt in accordance with AASHTO M 226, Table 1, viscosity Grade AC-10.

		5. Composition of mixtures:

		a. The plant mixed material may be accepted at the discharge point of the plant or behind the lay down machine.

		b. The formula for each mixture shall be in effect unless modified in writing by the ENGINEER.  It shall establish a single percentage of aggregate passing each required sieve size, a single percentage of bituminous material to be added to the aggrega...

		1) Base course:  Optimum asphalt content.

		2) Wearing course:  Optimum asphalt content +1%.





		6. Mixing:

		a. Combine the aggregates in the mixer in the amount of each fraction of aggregates required to meet the formula.

		b. The bituminous material shall be measured or gauged and introduced into the mixer in the amount specified.

		c. After the required amounts of aggregate and bituminous material are introduced into the mixer, mix the materials until a complete and uniform coating of the particles is obtained.

		d. The recommended mixture temperature at the mixer discharge (for pugmill or dryer-drum) shall be as shown in Column 1 for the grade of asphalt being used, except as otherwise provided in this Section:

		e. Upon approval, the CONTRACTOR may select a temperature below that shown in Column 1, but no lower than that shown in Column 2, provided adequate mixing at the discharge point is demonstrated and achieves specified compaction on the roadway.  For a ...

		f. The mixture shall not be delivered for use at a temperature lower than 30 F below the temperature shown in Column 2 for the grade of asphalt being used.





		B. Tack Coat:  Emulsified asphalt shall be Grade CSS-1h and in accordance with AASHTO M 208, except the penetration requirements of the residue shall be 40% to 120%.





		PART 3 EXECUTION

		3.1 general

		A. Provide the labor, materials, and equipment required to complete Work.

		B. Grading SX shall be used unless otherwise shown on the Drawings or as required by the authority having jurisdiction.



		3.2 preparation

		A. Asphalt Removal:

		1. Asphalt shall be saw cut or removed with pneumatic chisels for full depth leaving the remaining asphalt with a straight, vertical edge.

		2. Any asphalt to remain that is loosened or damaged by the CONTRACTOR shall be removed and replaced at the CONTRACTOR's expense.

		3. Removed asphalt shall be disposed of legally and in a responsible manner.





		3.3 installation

		A. Tack Coat:

		1. Preparation:

		a. Surface preparation shall include work necessary to provide a smooth, dry, uniform surface.  Work shall include patching, brooming, shaping to the required grade and section, and compaction and removal of unstable corrugated areas.

		b. The edges of existing pavements to be adjacent to new pavement or overlays shall be cleaned to permit the adhesion of bituminous materials.

		c. Existing edges to be matched shall be cut.



		2. Application:

		a. Bituminous material shall be applied by a pressure distributor in a uniform and continuous spread.  Care shall be taken so the application of bituminous material at the junctions of spreads is not in excess of the quantity.  Excess material shall b...

		b. Unless otherwise shown on the Drawings, asphalt shall be applied at a minimum rate of 0.10 gallon per square yard.  Do not place more tack coat than is necessary for the day's operation.  Traffic not essential to the Work shall be kept off the tack...





		B. Spreading and Finishing:

		1. The mixture shall be laid upon the approved surface, spread, and struck off to the grade and elevation established.

		2. The bituminous mixture, if not spread with a bituminous paver, may be spread, raked, and luted with hand tools.  For such areas, the mixture shall be dumped, spread, and screeded to give the required compacted thickness.

		3. The bituminous mixture shall be transported and placed in such a manner as to minimize segregation.  Segregated areas behind the paving operation shall be removed immediately at the time of discovery.  The segregated material shall be replaced with...

		4. Compaction:

		a. After the bituminous mixture is spread, struck off, and the surface irregularities adjusted, it shall be thoroughly and uniformly compacted by rolling.

		b. The surface shall be rolled when the mixture is in the proper condition and when rolling does not cause undue displacement, cracking, or shoving.

		c. The roller provided shall be sufficient to obtain the required compaction while the mixture is in a workable condition.

		d. Rolling shall begin at the sides and proceed longitudinally parallel to the road centerline, each trip overlapping 1/2 the roller width, gradually progressing to the crown of the road.  When paving in echelon or abutting a previously placed lane, t...

		e. Rolling shall be continued until roller marks are eliminated and a minimum density of 95% of maximum theoretical density, determined in accordance with AASHTO T 209, of a laboratory specimen made in the proportions of the formula is obtained.  A mi...

		f. Field density determinations shall be made in accordance with Colorado Procedure No. 44 or No. 81.

		g. Any displacement occurring as a result of reversing the direction of a roller or from other causes shall be corrected at once by the use of rakes and the addition of fresh mixture when required.  In rolling, care shall be exercised not to displace ...

		h. Roll until the minimum percent compaction is obtained in accordance with Section 401.17 of the Standard Specifications for Road and Bridge Construction.

		i. To prevent adhesion of the mixture to the rollers, the wheels shall be kept properly moistened with water or water mixed with very small quantities of detergent or other approved material.  Excess liquid is not permitted.

		j. In places inaccessible to the rollers, the mixture shall be thoroughly compacted with hand or mechanical tampers.  On depressed areas, a trench roller or cleated compression strips under the roller to transmit compression to the depressed area may ...

		k. Any mixture that becomes loose and broken, mixed with dirt, or is in any way defective shall be removed and replaced with new, hot mixture that shall be compacted to conform with the surrounding area.





		C. Connections with Existing Facilities:

		1. Where asphalt pavement connects to an existing roadway surface or other facility, modify the existing roadway profile to produce a smooth riding connection.

		2. Modifying existing surfaces:  Burn or chip existing paved surfaces to provide neat lines and surfaces.  Allow for sufficient depth of removal to reinstall a minimum thickness of one-inch of asphalt.

		a. Neat lines:  Lines straight and edges vertical.

		b. Edges of neat line cuts:  Paint with a tack coat prior to placing pavement.

		c. Sealing neat line:  After the placement of pavement by painting with liquid asphalt or emulsified asphalt, cover immediately with clean, dry sand.



		3. Paint edges of contact surfaces (curbs and manhole frames) before laying pavement with a tack coat or paving asphalt cement to provide watertight joints.  Do not stain adjacent surfaces not intended to be coated.



		D. Joints:

		1. Offset the edge of each layer a minimum of 6 inches so that joints are not directly over those in the underlying layer.

		2. Form transverse joints by cutting back on the previous day's run to expose the full vertical depth of the layer.



		E. Joint Compaction:

		1. Place the top or wearing layer as continuously as possible.

		2. Pass the roller over the unprotected end of the freshly laid mixture only when the laying of the layer is discontinued long enough to permit the mixture to become chilled.

		3. Cut back the previously compacted mixture when Work is resumed to produce a slightly beveled edge for the full thickness of the layer.

		4. Cut away waste material and lay new mix against the fresh cut.



		F. Tolerances:

		1. Conduct measurements for conformity with crown and grade immediately after initial compression.  Correct variations immediately by the removal or addition of materials and by continuous rolling.

		2. Tolerance measurements:

		a. Completed surface of top or wearing layer:  Uniform texture, smooth, and uniform to crown and grade.

		b. The completed surface shall not vary more than 1/8 inch from the lower edge of the 10-foot straight edge placed on the surface parallel to the centerline.

		c. The transverse slope of the completed surface shall not vary more than 1/4 inch in 10 feet from the rate of the transverse slope shown on the Drawings.

		d. The finished grade shall not vary more than 0.02 feet.



		3. Correct deviations in excess of the specified tolerances by adding asphalt concrete mixture to low places or removing material from high places.

		4. The wearing surface shall be removed and replaced to achieve a satisfactory finish surface if the surface of the completed pavement deviates by more than twice the specified tolerances.



		G. Equipment:

		1. Hot bituminous asphalt:  Application equipment shall be in accordance with Section 401.16 of the Standard Specifications for Road and Bridge Construction.

		2. Tack coat:

		a. Equipment shall be capable of uniformly heating and applying bituminous material.

		b. The distributor and the equipment shall be capable of uniformly distributing bituminous material at an even temperature and uniform pressure on variable widths of surface up to 15 feet in width at readily determined and controlled rates from 0.05 t...

		c. The allowable variation from any specified rate shall not exceed ±0.02 gallon per square yard.

		d. Distributor equipment shall include a tachometer, pressure gauges, accurate volume measuring devices or a calibrated tank, and a thermometer for measuring temperatures of tank contents.

		e. Distributors shall be equipped with a power unit for the pump and full circulation spray bars that are laterally and vertically adjustable.





		H. Traffic Control:

		1. Minimize inconvenience to traffic and keep vehicles off freshly treated or paved surfaces to avoid the pickup and tracking of asphalt.

		2. Meeting federal, state, and local requirements for traffic control.





		3.4 restoration

		A. Pavement markings, signing, and traffic signal conduit:

		1. Restore or replace any existing pavement markings, signing, traffic signal conduit, or other traffic control devices that may be covered, removed, or damaged during construction.

		2. Replace in accordance with site-specific standards of the authority having jurisdiction.





		3.5 quality control

		A. Testing:

		1. Hot bituminous asphalt:

		a. An extraction test is required for each hot mix placed to verify the bitumen content and aggregate gradation and when materials of the job-mix formulas change.

		b. An immersion compression test is required for the first day's construction and when materials of the job-mix formulas change.  Replace test sections as required.





		B. Control of Line and Grade:  Provide and maintain intermediate control, independent of the underlying base, to meet finish surface grades and the minimum thickness.







		32 12 16.16 - Coal Tar Seal Coats

		PART 1 GENERAL

		1.1 summary

		A. Section includes general information, products, and execution for coal tar seal coats.



		1.2 REFERENCES

		A. ASTM International (ASTM):

		1. C 136 – Standard Test Method for Sieve Analysis of Fine and Coarse Aggregates

		2. D 75 – Standard Practice for Sampling Aggregates

		3. D 140 – Standard Practice for Sampling Bituminous Materials

		4. D 490 – Standard Specification for Road Tar

		5. D 5727 – Standard Specification for Emulsified Refined Coal Tar (Mineral Colloid Type)

		6. D 6690 – Standard Specification for Joint and Crack Sealants, Hot Applied, for Concrete and Asphalt Pavements





		1.3 SUBMITTALS

		A. Quality Control Submittals:

		1. Design data:  Coal tar seal coat mix.

		2. Test results:

		a. Coal tar pitch emulsion.

		b. Aggregate gradation.



		3. Certificates:  Equipment list.





		1.4 QUALITY ASSURANCE

		A. A minimum of 30 days prior to the mixing and placing of material, submit a coal tar seal coat mix design with test reports for each type included in the Work.  The mix design shall indicate the definite percentage of each sieve fraction of aggregat...



		1.5 DELIVERY, STORAGE, and handling

		A. Inspect materials delivered to the site for contamination and damage.  Unload and store materials with a minimum of handling.  Store aggregates in a manner that protects against contamination and segregation.  Store rubberized coal tar pitch emulsi...





		PART 2 products

		2.1 approved manufacturers

		A. Coal Tar Emulsion:

		1. Neyra Industries, Jennite





		2.2 materials

		A. Crack Sealant:  A hot-poured rubber type sealant in accordance with ASTM D 6690.

		B. Asphalt Sealer:

		1. Coal tar emulsion: Coal tar rubberized emulsion in accordance with ASTM D 490.

		2. Mineral aggregate:

		a. Aggregate:  Clean and dry silica sand that is free from foreign matter.

		b. Mineral:  American Foundry Society-Grain Fineness Rating of 50 to 75 with no more than 2% retained on No. 30 sieve, no more than 12% passing No. 140, and no more than 3% passing No. 200.



		3. Water shall not be used for thinning except when sand slurry is in use.  In such cases, water used for mixing shall be clean and potable and added in the minimum quantity sufficient for good application consistency but not in excess of 10% of the v...







		PART 3 EXECUTION

		3.1 preparation

		A. Crack Sealant Joint Preparation:

		1. Prior to the application of hot asphalt-rubber sealant, joints and cracks shall be cleaned to remove dust, dirt, moisture, and foreign material or old sealant.

		2. Cracks less than 3/8 inch in width will require routing; widen cracks to a width of 1/2 inch and a depth of one inch.

		3. Heat sealant to the Manufacturer's recommended safe heating range prior to application.



		B. Asphalt Sealer Surface Preparation:

		1. The pavement surface to be coated shall be sound and surface-cured to obtain maximum performance.

		2. To be sound, the pavement surface course shall be oil-free and properly compacted over well-drained base and subbase courses, without deflection, that are sufficiently stable to resist the traffic loads for which the pavement is to be used.

		3. To be surface-cured, new pavements shall be aged for a minimum of 30 days, free of light oils, and present a water-break-free surface.  To ensure this, cast one to 2 gallons of clean water from a clean container on the surface.  The water should sh...

		4. Surfaces shall be thoroughly cleaned to remove foreign debris using a mechanically powered, forced air sweeper and steel bristle hand brooms.

		5. Mud areas shall be scraped thoroughly, scrubbed, and pressure rinsed with clear, fresh water.

		6. Oil spots shall be scraped, scrubbed, and lightly burned with a torch, if necessary, to remove visible, excess oil.

		7. Oil spots, after cleaning, shall be coated with the Manufacturer's spot primer to achieve adequate emulsion adhesion and prevent bleeding.

		8. Treat old or badly oxidized asphalt pavement that has lost its binder through erosion (leaving exposed aggregate) with diluted emulsion prime coat.

		a. Use one part emulsion thoroughly mixed with 3 parts water.  Apply primer at 0.04 to 0.06 gallon of diluted mix per square yard (equal to 0.01 to 0.015 gallon of undiluted emulsion per square yard).

		b. The primer coat shall be allowed to dry before proceeding (normally 1/2 hours to 1 1/2 hours).



		9. Existing cracks over 1/4 inch in width shall be filled in accordance with the Manufacturer's recommendations.

		10. Repair areas softened by petroleum derivatives or other causes.





		3.2 installation

		A. Crack Sealant:

		1. Sealing compound:  Agitate continuously during the melting and pouring process.

		2. Apply sealant to clean, dry cracks from the bottom up to the surface level.

		3. At the time of placing the sealant, the pavement and air temperature shall be 40 F or higher.

		4. Joints shall be filled 1/8 inch to 1/4 inch below the pavement surface.

		5. Joints shall be filled in the fall or in the spring.  After the pavement cools and the joints are opened, they shall be filled 1/4 inch to 3/8 inch below the pavement surface.



		B. Equipment:

		1. Crack sealant melter unit:  Double boiler type with an agitator using high-flash oil, 600 F at a minimum, as a heat transfer medium.

		2. Asphalt sealer equipment:

		a. The machine used to apply emulsion shall have adequate agitation to keep material in proper suspension at all times.  It shall be equipped with a water fog bar so the pavement is dampened (but without puddles) when emulsion is applied if temperatur...

		b. The spray distributor used for the application shall be self-propelled, equipped with pneumatic tires, have full sweep agitator blades, and be capable of applying the required coat weight of sand-reinforced emulsion evenly over the entire width of ...







		3.3 Application

		A. Asphalt Sealer:

		1. Parking lots:  Apply one application of emulsion slurry (emulsion sand mixture) using the Manufacturer's recommendations for amounts and sand gradation.

		2. Second application:

		a. Apply a second application of emulsion slurry over the first application using the Manufacturer's recommendation for the emulsion slurry mix.

		b. Emulsion shall be applied uniformly over the entire pavement surface; it shall be free of voids, holidays, and pinholes.  Fog spray the pavement with fresh, clean water to ensure a better bond, maintain workability, and ensure even spreading of the...

		c. Emulsion shall be applied at a total minimum application rate of 0.10 gal/sy/coat based on undiluted emulsion.

		d. Emulsion shall be applied in dry weather when the pavement and atmospheric temperatures are 50 F or above and are anticipated to remain so for 4 hours after the completion of the application.  Applications are not permitted when precipitation is an...

		e. Allow adequate time for the first application to dry (tack free) prior to the second application.  Upon completion of the second application, traffic shall be excluded from the area for a minimum of one day; test the area for trafficability before ...







		3.4 restoration

		A. Pavement Markings, Signing, and Traffic Signal Conduit:

		1. Restore or replace existing pavement markings, signing, traffic signal conduit, and other traffic control devices that are covered, removed, or damaged during construction.

		2. Replace in accordance with the standards of the authority having jurisdiction.





		3.5 protection

		A. Traffic Controls:  Keep traffic off surfaces freshly treated with seal coat material.  Provide sufficient warning signs and barricades to prevent traffic from traveling over freshly treated surfaces.  Protect treated areas from traffic for a minimu...



		3.6 Quality control

		A. Testing:

		1. Aggregate:  Test each sample for gradation in accordance with ASTM C 136.

		2. Bituminous material:  Test each sample of rubberized coal tar emulsion in accordance with ASTM D 5727.



		B. Field Sampling and Testing:

		1. Aggregates:  Sample aggregates in accordance with ASTM D 75.  Take at least one initial sample from each stockpile.  Collect each sample by taking 3 incremental samples at random to make a composite sample of at least 50 pounds.  Thereafter, take 3...

		2. Bituminous material:  Sample rubberized coal tar pitch emulsion, in accordance with ASTM D 140, immediately after delivery to the Project site and at any time thereafter if the source of material changes.  Take additional samples directly from emul...









		32 16 13 - Curb and Gutter

		PART 1 GENERAL

		1.1 Summary

		A. Section includes general information, products, and execution for curb and gutter.

		B. Related Sections:

		1. SECTION 03 15 00 – CONCRETE ACCESSORIES

		2. SECTION 03 30 00 – CAST-IN-PLACE CONCRETE

		3. SECTION 03 39 00 – CONCRETE CURING

		4. SECTION 07 92 00 – JOINT SEALERS

		5. SECTION 31 23 16 – EXCAVATION

		6. SECTION 31 23 23 – FILL





		1.2 references

		A. ASTM International (ASTM):

		1. C 29 – Standard Test Method for Bulk Density ("Unit Weight") and Voids in Aggregate

		2. C 88 – Standard Test Method for Soundness of Aggregates by Use of Sodium Sulfate or Magnesium Sulfate

		3. C 117 – Standard Test Method for Materials Finer than 75-μm (No. 200) Sieve in Mineral Aggregates by Washing

		4. C 123 – Standard Test Method for Lightweight Particles in Aggregate

		5. C 127 – Standard Test Method for Density, Relative Density (Specific Gravity), and Absorption of Coarse Aggregate

		6. C 131 – Standard Test Method for Resistance to Degradation of Small-Size Coarse Aggregate by Abrasion and Impact in the Los Angeles Machine

		7. C 136 – Standard Test Method for Sieve Analysis of Fine and Coarse Aggregates

		8. C 142 – Standard Test Method for Clay Lumps and Friable Particles in Aggregates

		9. C 150 – Standard Specification for Portland Cement

		10. C 618 – Standard Specification for Coal Fly Ash and Raw or Calcined Natural Pozzolan for Use in Concrete

		11. C 1157 – Standard Performance Specification for Hydraulic Cement

		12. C 1260 – Standard Test Method for Potential Alkali Reactivity of Aggregates (Mortar-Bar Method)



		B. Colorado Department of Transportation (CDOT):

		1. Standard Specifications for Road and Bridge Construction





		1.3 SUBMITTALS

		A. Product Data:

		1. Admixtures (e.g., air-entraining and water-reducing admixtures):

		a. Test reports.

		b. Certified compliance with the applicable ASTM Specification.

		c. Calcium chloride percentage.



		2. Fly ash:

		a. Certified compliance in accordance with ASTM C 618.

		b. Test reports.



		3. Aggregates:

		a. Sieve analyses:  In accordance with ASTM C 117 and C 136.

		b. Specific gravity and absorption:  In accordance with ASTM C 127.

		c. Lightweight particles:  In accordance with ASTM C 123.

		d. Unit weight and voids:  In accordance with ASTM C 29.

		e. Potential alkali reactivity:  In accordance with ASTM C 1260.

		f. Clay lumps and friable particles:  In accordance with ASTM C 142.

		g. Sodium sulfate soundness:  In accordance with ASTM C 88.

		h. Magnesium sulfate soundness:  In accordance with ASTM C 88.

		i. Los Angeles abrasion test results:  In accordance with ASTM C 131.



		4. Form release agents.

		5. Ready-mixed concrete mix designs.

		6. Vibrator specifications.

		7. Ready-mixed concrete plant production contingency plan.

		8. SDS.



		B. Shop Drawings:

		1. Hot and cold weather placing and curing methods.

		2. Placement size and configuration.



		C. Quality Control Submittals:

		1. Test reports and records:

		a. Cylinder test reports.

		b. Mix design field test data record for each mix:

		1) Slump.

		2) Air-entrainment.

		3) Compressive strength test results, 7 day and 28 day.

		4) Qualification method.



		c. Hydraulic cement material certification report:

		1) Chemical analyses:  In accordance with ASTM C 150.

		2) Physical analyses:  In accordance with ASTM C 1157 and ASTM C 150.

		3) Optional requirements for equivalent alkalis analyses.

		4) Certified compliance in accordance with ASTM C 150 and ASTM C 1157.



		d. Chemical and physical analysis of fly ash in accordance with ASTM C 618:

		1) Chemical composition.

		2) Physical test results.

		3) Plant of origin.







		D. Administrative Submittals:  Concrete delivery tickets.





		PART 2 Products

		2.1 mATERIALS

		A. Concrete: As specified in SECTION 03 30 00, CDOT Class D or Class P.

		B. Expansion Joint Filler:  As specified in SECTION 03 15 00.

		C. Sealant:  As specified in SECTION 07 92 00.





		PART 3 EXECUTION

		3.1 GENERAL

		A. Provide labor, tools, equipment, and materials necessary to remove and replace or construct new curb, gutter, or combination curb and gutter in accordance with the Contract Documents and in conformance with the lines, grades, and sections shown on ...



		3.2 preparation

		A. Sections of curb or combination curb and gutter shall be removed by saw cutting at an existing section joint.

		B. Excavation:  Perform as specified in SECTION 31 23 16.

		C. Forms shall be:

		1. Constructed from wood or metal and straight and free from warp.

		2. Extended for the entire depth of the curb and sufficiently braced and secured so that deflection from line or grade does not occur during concrete placement.

		3. Left in place until concrete sufficiently sets.

		4. Removed without damage to Work.





		3.3 installation

		A. Concrete shall be mixed, transported, and placed as specified in SECTION 03 30 00.

		B. Section or Stone Length:

		1. Curb and combination curb and gutter shall be constructed in sections having a uniform length of 10 feet.

		2. Sections of replacement curb or combination curb and gutter shall be equal to the length of existing curb or combination curb and gutter.

		3. Sections shall be separated by a minimum of 1/8 inch wide by one inch deep-tooled control joints, except where expansion joints occur.



		C. Expansion Joints:

		1. Formed at uniform intervals of 80 feet, maximum.

		2. Made using 1/2-inch preformed filler as specified in SECTION 03 15 00.

		3. Place:

		a. Between the concrete curb and any fixed structure or bridge.

		b. Between the existing curb and the curb being replaced.

		c. Opposite expansion joints in concrete pavements.





		D. Concrete shall be cured with a liquid membrane-forming compound for curing concrete as specified in SECTION 03 39 00.

		E. When approved by the ENGINEER, concrete curb may be constructed by the use of a curb-forming machine.

		F. Backfill:

		1. After concrete has set and forms are removed, excavated spaces behind the curb shall be backfilled with earthfill as specified in SECTION 31 23 23.

		2. Placement and compaction as specified in SECTION 31 23 16.

		3. Trucks and other live loads shall not be placed on the completed curb and gutter until concrete reaches design strength.









		32 16 23 - Sidewalks

		PART 1 GENERAL

		1.1 SUMMARY

		A. Section includes general information, products, and execution for sidewalks.

		B. Related Sections:

		1. SECTION 03 30 00 – CAST-IN-PLACE-CONCRETE

		2. SECTION 03 39 00 – CONCRETE CURING

		3. SECTION 32 11 23 – AGGREGATE BASE COURSE





		1.2 references

		A. Colorado Department of Transportation (CDOT):

		1. Standard Specifications for Road and Bridge Construction





		1.3 site CONDITIONS

		A. Place concrete when ambient air temperatures are above 45 F and rising, unless protected from freezing.  Do not place concrete on frozen ground.  Hot and cold weather placement procedures shall be as specified in SECTION 03 30 00.





		PART 2 PRODUCTS

		2.1 Approved Manufacturers

		A. Expansion Joint Fillers:

		1. Sonneborn, Sonoflex F





		2.2 MATERIALs

		A. Subgrade:  Dense, readily compactible material, free from vegetable matter and lumps of clay; material excavated on-site that meets this requirement may be used if approved by the ENGINEER.

		B. Concrete:  CDOT Class D of Class P as specified in SECTION 03 30 00.

		C. Expansion Joint Fillers:  Pre-molded, closed-cell PE foam, provide 1/2-inch thick by depth of the slab material, allow 1/2 thickness for joint sealer.

		D. Expansion Joint Sealant:  A silicone material on CDOT’s approved silicone sealant list; where color additive is used, color to match.

		E. Curing Compound:  As specified in SECTION 03 39 00.

		F. Truncated Dome Inserts for Ramps:  In conformance with current ADA Standards.





		PART 3 EXECUTION

		3.1 PREPARATION

		A. Excavate subgrade to the required 4 inch to 6 inch depth.  Remove soft, yielding material and replace it with Class 6 aggregate base course as specified in SECTION 32 11 23.  Compact to minimum 95% standard Proctor within 2% of optimum moisture.  M...

		B. Forms shall be metal or uniform warp free lumber coated with a form release agent.  Slope forms a minimum of 2% across the dimensional width of a sidewalk to give positive drainage; securely stake.  Obtain the approval of the ENGINEER for alignment...



		3.2 installation

		A. Placing:

		1. Concrete shall be formed, placed, screeded, floated, and finished by hand using conventional methods.

		2. Place concrete on moistened subgrade monolithically between construction joints.  Deposit to full depth in one operation; consolidate immediately.  After depositing concrete, screed and darby or bullfloat.



		B. Concrete Finishing:

		1. After darbying or bullfloating, stop concrete finishing until bleeding ceases and concrete can support foot pressure with 1/8 inch indentation.  During or after the first floating, check the planeness of the surface with a 10-foot straight edge app...

		2. Refloat slab immediately to a uniform sandy texture.  Use a steel trowel to smooth the surface; apply a medium broom finish to the slab perpendicular to the line of travel.

		3. Handicap ramps:

		a. Provide score joints in handicap ramps that meet ADA standards.

		b. Install truncated dome inserts flush with the adjacent ramp surface taking care to achieve a tight bond with the concrete that is free of air pockets.



		4. Remove forms after the concrete surface is hard enough to prevent injury.  Carefully remove forms.  Repair minor defects with mortar.  Plastering is not permitted on exposed faces.



		C. Joints:

		1. Construct joints true to line with faces perpendicular to the surface.

		2. Expansion joint material shall be in place prior to the placing of concrete and shall be provided:

		a. At each end of the curb return.

		b. Between sidewalk and driveway slabs or service walks.

		c. Between new and existing concrete.

		d. Between new concrete and fixed vertical objects.

		e. As shown on the Drawings.

		f. As directed.



		3. Thoroughly clean surfaces prior to the installation of caulking material.

		4. Contraction (control) joints:

		a. Tooled:  Walks shall be tool cut to a depth of 1/4 the slab thickness; space joints equal to the width of the walk; do not exceed 10 feet unless approved by the ENGINEER.

		b. Saw cut:  Utilize power saws equipped with shatterproof abrasive or diamond-rimmed blades.  Cut 1/8 inch wide joints into sufficiently hardened concrete so the cutting action will not tear, abrade, or damage the surface, but before the development ...





		D. Curing as specified in SECTION 03 39 00.



		3.3 PROTECTION

		A. Protect concrete sidewalks until sufficiently hardened.  Concrete damaged by footprints, writing implements, or weather conditions shall be subject to replacement by the CONTRACTOR at no cost to the OWNER.



		3.4 QUALITY CONTROL

		A. Surfaces shall not vary more than 1/8 inch when tested with a 10-foot straight edge.







		32 17 23 - Pavement Marking

		PART 1 GENERAL

		1.1 SUMMARY

		A. Section includes general information, products, and execution for pavement marking.



		1.2 references

		A. Colorado Department of Transportation (CDOT):

		1. M&S Standard Plans

		2. Standard Specifications for Road and Bridge Construction





		1.3 sequencing and Scheduling

		A. Schedule painting so markings have sufficient time to dry prior to opening lanes to traffic according to the traffic control plan.



		1.4 SUBMITTALS

		A. Product Data:  Paint.

		B. Shop Drawings:

		1. Description of proposed methods for removal of drips, overspray, improper markings, paint and thermoplastic material tracked by traffic, and existing markings.

		2. Pavement marking layout plan.



		C. Quality Control Submittals:

		1. Manufacturer’s certificate of compliance for products specified in this Section.

		2. Equipment List:  Proposed equipment to be used, including descriptive data.





		1.5 quality assurance

		A. Construction Requirements:  In accordance with Section 627 of the Standard Specifications for Road and Bridge Construction.





		PART 2 productS

		2.1 MATERIALS

		A. Epoxy Pavement Marking Material:  CDOT Standard 713.19.

		B. Glass Beads:  CDOT Standard 713.08.

		C. Paint:  CDOT Standard 708.05.

		D. Pavement Marking Tape:  CDOT Standard 713.15.

		E. Pavement Primer:  CDOT Standard 708.07.

		F. Preformed Plastic Material:  CDOT Standard 713.13.

		G. Raised Pavement Marker:  CDOT Standard 713.18.

		H. Pavement Marking Tape (Removable):  CDOT Standard 713.16.

		I. Thermoplastic Marking Material:  CDOT Standard 713.12.





		PART 3 EXECUTION

		3.1 GENERAL

		A. Provide, apply, and remove temporary pavement marking in accordance with the Contract Documents.

		B. Place pavement markings in accordance with the following requirements and M&S Standard S-627-1.



		3.2 Preparation

		A. Cleaning:

		1. Thoroughly clean surfaces to be marked before the application of pavement marking material.

		2. Remove dust, dirt, and other granular surface deposits by sweeping, blowing with compressed air, rinsing with water, or a combination thereof.

		3. Completely remove rubber deposits, surface laitance, existing paint markings, and other coatings adhering to pavement with scrapers, wire brushes, sand blasting, approved chemicals, or mechanical abrasion.

		4. Scrub areas of old pavement affected with oil or grease with several applications of trisodium phosphate solution or other approved detergent or degreaser, and rinse thoroughly after each application.

		5. After cleaning, oil-soaked areas shall be sealed with cut shellac to prevent bleeding through the new paint.

		6. When water is used for cleaning, allow pavement surfaces to dry prior to striping or marking.

		7. Reclean surfaces when Work is stopped due to rain.



		B. Layout of Markings:  Unless previously applied markings are present to serve as a guide, layout markings in advance of paint application.



		3.3 application

		A. Paint:

		1. General:

		a. Thoroughly mix pigment and vehicle together prior to application, and keep thoroughly agitated during application.

		b. Do not add thinner.

		c. Apply to clean, dry surfaces, and only when air and pavement temperatures are above 40 F and less than 95 F.  Maintain paint temperature within these same limits.

		d. Allow new asphalt pavement and concrete surfaces to cure for a period of not less than 30 days before applications of paint.

		e. Provide guide lines and templates to control paint application.

		f. Take special precautions in marking numbers, letters, and symbols.

		g. Apply paint only to unfrozen, dry, and clean pavement surfaces.

		h. Edges of markings shall be clearly outlined.



		2. Rate of Application:

		a. Apply paint in 2 coats at a uniform rate of 105 sf/gal/coat to 115 sf/gal/coat without running or spattering.

		b. Apply pigmented binder evenly to the pavement area at a rate of 105 sf/gal, ±5 sf.

		c. Nonreflective markings:  Apply paint evenly to the pavement surface at a rate of 105 sf/gal, ±5 sf.



		3. Drying:

		a. Provide the maximum drying time of paint to prevent undue softening of bitumen, pickup, displacement, or discoloration by tires or traffic.

		b. If there is a delay in drying or markings, discontinue painting operations until the cause is determined and corrected.







		3.4 PROTECTION

		A. Protect markings from traffic until paint is completely dry.

		B. Protect surfaces from disfiguration by paint spatters, splashes, spills, or drips.



		3.5 Cleaning

		A. Remove paint spatters, splashes, or drips.







		32 31 13 - Chain Link Fences and Gates

		PART 1 GENERAL

		1.1 Summary

		A. Section includes general information, products, and execution for chain link fences and gates.

		B. Related Sections:

		1. SECTION 03 30 00 – CAST-IN-PLACE CONCRETE





		1.2 REFERENCEs

		A. ASTM International (ASTM):

		1. B 117 – Standard Practice for Operating Salt Spray (Fog) Apparatus

		2. B 221 – Standard Specification for Aluminum and Aluminum-Alloy Extruded Bars, Rods, Wire, Profiles, and Tubes

		3. D 523 – Standard Test Method for Specular Gloss

		4. D 714 – Standard Test Method for Evaluating Degree of Blistering of Paints

		5. D 1654 – Standard Test Method for Evaluation of Painted or Coated Specimens Subjected to Corrosive Environments

		6. D 2244 – Standard Practice for Calculation of Color Tolerances and Color Differences from Instrumentally Measured Color Coordinates

		7. D 2794 – Standard Test Method for Resistance of Organic Coatings to the Effects of Rapid Deformation (Impact)

		8. D 3359 – Standard Test Methods for Measuring Adhesion by Tape Test

		9. F 2200 – Standard Specification for Automated Vehicular Gate Construction



		B. Colorado Department of Transportation (CDOT):

		1. M&S Standard Plans

		2. Standard Specifications for Road and Bridge Construction



		C. Underwriters Laboratories (UL):

		1. UL 325 – Standard for Safety for Door, Drapery, Gate, Louver, and Window Operators and Systems





		1.3 SUBMITTALS

		A. Product Data:  Submit the Manufacturer’s descriptive literature for fence and gate installations.

		B. Certificates:  Submit the Manufacturer’s certifications that chain link fence and component materials meet specified requirements.





		PART 2 PRODUCTS

		2.1 approved manufacturers

		A. Aluminum Cantilever Gate:

		1. Ameristar Fence Products, Inc., Ameristar TransPort LINK gate system

		2. No substitutes





		2.2 MATERIALS

		A. Fence and Gate:

		1. Provide standard chain link fence complete with barbed wire guard in accordance with the Standard Specifications for Road and Bridge Construction.  Fabric height shall be 96-inches.  Chain link fabric may be reused if serviceable in the opinion of ...

		2. Chain link fencing materials, including gates, shall be in accordance with Section 607 and Section 710 of the Standard Specifications for Road and Bridge Construction.

		3. Provide pipe posts, accessories, concrete footings, and other materials required for fence erection.



		B. Concrete:  Concrete for post footings shall be Class B as specified in SECTION 03 30 00.

		C. Aluminum Cantilever Gate:

		1. The Manufacturer shall supply a total industrial ornamental aluminum cantilever gate system (specify with extended uprights for barb wire or without extended uprights).  The system shall include all components including tracks, uprights, bracing, p...

		2. The materials used for cantilever gate framing (e.g., uprights, diagonal braces, and pickets or pales) and rails shall be manufactured in accordance with ASTM B 221 aluminum, designation 6063-T-6, with a yield strength of 25,000 psi, a tensile stre...

		3. Material for diagonal bracing and uprights shall be 2-inch square by 1/4-inch aluminum.  The design of the top and bottom enclosed track shall conform to the Manufacturer’s 5-inch by 2-inch Fast-Trak system.  Material for chain link infill shall be...

		4. Internal roller truck assembly shall be self-aligning swivel ball-and-socket type running on 4 bearing wheels.  Internal roller truck assembly shall be affixed to the hanger bracket by means of a 5/8-inch diameter industrial grade rod end/center bo...





		2.3 FABRICATION

		A. Enclosed track, uprights, and diagonal bracing shall be pre-drilled and labeled for easy assembly; components shall be pre-cut to specific lengths.

		B. Top and bottom rail extrusions shall be mechanically fastened to vertical uprights and reinforced with diagonal braces as shown on the Drawings.

		C. If color coating is required, the manufactured components shall be subjected to the Ameristar thermal stratification coating process (high-temperature, in-line, multi-stage, and multi-layer) including, at a minimum, a 6-stage pretreatment/wash and ...





		Table 1

		Coating Performance Requirements

		Performance Requirements

		ASTM Test Method

		Quality Characteristics

		Adhesion (retention of coating) over 90% of test area (tape and knife test)

		D 3359 – Method B

		Adhesion

		Corrosion resistance over 3,500 hours (scribed in accordance with ASTM D 1654; failure mode is accumulation of 1/8-inch coating loss from scribe or medium #8 blisters)

		B 117, D 714, and D 1654

		Corrosion Resistance

		Impact resistance over 60 in/lb (forward impact using 0.625-inch ball)

		D 2794

		Impact Resistance

		Weathering resistance over 1,000 hours (failure mode is 60% loss of gloss or color variance of more than 3 delta-E color units)

		D 2244 and D 523 (60°Method)

		Weathering Resistance

		PART 3 EXECUTION

		3.1 ERECTION

		A. Fence and Manual Gate:

		1. Construct fences in accordance with the Standard Specifications for Road and Bridge Construction and M&S Standard Plans for chain link fence. In addition:

		a. Before erecting fences, clear and remove brush, ground surface irregularities, and other obstacles that may interfere with proper erection.

		b. Set posts in concrete to the depth shown on the Drawings, plumb and in alignment.

		c. Provide one tension or stretcher bar for the end post and 2 for each corner and pull post.

		d. Install top rails as shown on the Drawings.

		e. Clean and repair damaged galvanizing.





		B. Aluminum Cantilever Gate:

		1. New gate installations shall be laid out by the CONTRACTOR in accordance with the Contract Documents.

		2. Hardware shall be installed in accordance with the transport installation instructions.  Transport cantilever gates shall be installed in accordance with ASTM F 2200 and UL 325.

		3. Gate stops shall be installed on each track in accordance with ASTM F 2200.

		4. Set posts in concrete to the depth and diameter shown on the Drawings, plumb and in alignment.

		5. Install mesh fabric and barb wire on gate frame.





		3.2 Cleaning

		A. Clean the site of excess materials.  Post-hole excavations shall be scattered uniformly away from posts.







		32 31 19 - Ornamental Metal Fencing System

		PART 1 GENERAL

		1.1 SUMMARY

		A. Section includes general information, products, and execution for ornamental metal fencing systems.

		B. Related Sections:

		1. SECTION 03 30 00 – CAST-IN-PLACE CONCRETE

		2. SECTION 31 01 01 – SITE RESTORATION AND CLEANUP





		1.2 REFERENCES

		A. ASTM International (ASTM):

		1. A 653 – Standard Specification for Steel Sheet, Zinc-Coated (Galvanized) or Zinc-Iron Alloy-Coated (Galvannealed) by the Hot-Dip Process

		2. B 117 – Standard Practice for Operating Salt Spray (Fog) Apparatus

		3. B 221 – Standard Specification for Aluminum and Aluminum-Alloy Extruded Bars, Rods, Wire, Profiles, and Tubes

		4. D 523 – Standard Test Method for Specular Gloss

		5. D 714 – Standard Test Method for Evaluating Degree of Blistering of Paints

		6. D 822 – Standard Practice for Filtered Open-Flame Carbon-Arc Exposures of Paint and Related Coatings

		7. D 1654 – Standard Test Method for Evaluation of Painted or Coated Specimens Subjected to Corrosive Environments

		8. D 2244 – Standard Practice for Calculation of Color Tolerances and Color Differences from Instrumentally Measured Color Coordinates

		9. D 2794 – Standard Test Method for Resistance of Organic Coatings to the Effects of Rapid Deformation (Impact)

		10. D 3359 – Test Standard Test Methods for Measuring Adhesion by Tape Test

		11. F 2200 – Standard Specification for Automated Vehicular Gate Construction

		12. F 2408 – Standard Specification for Ornamental Fences Employing Galvanized Steel Tubular Pickets



		B. Underwriters Laboratories (UL):

		1. 325 – Standard for Safety for Door, Drapery, Gate, Louver, and Window Operators and Systems





		1.3 SUBMITTALs

		A. Manufacturer’s literature.

		B. Shop Drawings.

		C. Warranty Documentation:

		1. Sample warranty.

		2. Warranty.





		1.4 quality assurance

		A. System Description for Panels, Posts, and Manual Gates:  The system shall be 2-rail with all components including panels, posts, quad-flare finials, gates, and hardware.

		B. Qualifications:

		1. A minimum of 5 years of documented experience in the Work of this Section.

		2. Approved by the Manufacturer.





		1.5 delivery, storage, and handling

		A. Upon receipt at the Work site, materials shall be checked to ensure no damage occurred during shipping or handling.  Materials shall be stored in such a manner to ensure proper ventilation and drainage and protect against damage, weather, vandalism...



		1.6 warranty

		A. Warranty for one year from the Substantial Completion date for the satisfactory performance and installation of the ornamental metal fencing system and associated appurtenances.





		PART 2 PRODUCTS

		2.1 approved MANUFACTURERs

		A. Panels, Posts, and Manual Gates:

		1. Ameristar Fence Products, Inc., Montage II, Welded and Rackable Ornamental Steel, Genesis Style

		2. Ameristar Fence Products, Inc., Aegis II, Industrial Ornamental Steel, Genesis Style

		3. No substitutes



		B. Industrial, Ornamental, Electrically Operated Cantilever Gate:

		1. Ameristar Fence Products, Inc., Ameristar TransPort II gate system, Genesis Style

		2. No substitutes





		2.2 materials

		A. Panels, Posts, and Manual Gates:

		1. Steel fence panels and posts in accordance with ASTM A 653 with a minimum yield strength of 45,000 psi and a minimum hot-dip galvanized zinc coating weight of 0.90 oz/ft2, coating designation G90.

		2. Pickets shall be one-inch square by 14 gauge tubing.  Rails shall be steel channel, 1 3/4-inch square with a minimum 14 gauge thickness.  Fence and gate posts shall meet the requirements shown in Table 2.



		B. Cantilever Gates:

		1. Materials used for cantilever gate framing (uprights, diagonal braces, and pickets or pales) shall be manufactured in accordance with ASTM B 221 aluminum, designation 6063-T-6, with a yield strength of 25,000 psi, a tensile strength of 30,000 psi, ...

		2. Material for diagonal bracing and uprights shall be 2-inch square by 1/4-inch aluminum.  The design of the top and bottom enclosed track shall conform to the Manufacturers 5-inch by 2-inch Fast-Trak system.  Material for pickets shall be one-inch b...

		3. Internal roller truck assembly shall be self-aligning, swivel ball-and-socket type running on 4 bearing wheels.  Internal roller truck assembly shall be affixed to the hanger bracket by means of a 5/8-inch diameter industrial-grade rod end/center b...

		4. Pickets shall be fitted with quad flare finials as shown on the Drawings.





		2.3 FABRICATION

		A. Panels, Posts, and Manual Gates:

		1. Pickets, rails, and posts shall be pre-cut to specified lengths.  Rails shall be pre-punched to accept pickets.

		2. Pickets shall be inserted into the pre-punched holes in the rails, and shall be aligned to standard spacing using a specially calibrated alignment fixture.  The aligned pickets and rails shall be joined at each picket-to-rail intersection by Ameris...

		3. Manufactured panels and posts shall be coated by an inline electrode position coating (E-Coat) process consisting of a multi-stage pretreatment/wash with zinc phosphate, followed by a duplex application of an epoxy primer and an acrylic topcoat.  T...

		4. The manufactured fence system shall be capable of meeting the vertical load, horizontal load, and infill performance requirements for industrial weight fences in accordance with ASTM F 2408.

		5. Swing gates shall be fabricated using 1 3/4-inch by 14 gauge Forerunner double channel rail, 2-inch square by 11 gauge gate ends, and one-inch square by 14 gauge pickets.  Gates that exceed 6-feet in width shall have a 1 3/4-inch square by 14 gauge...



		B. Cantilever Gates:

		1. Pickets, enclosed track, uprights, and diagonal bracing shall be pre-drilled and labeled for easy assembly; components shall be pre-cut to specified lengths.

		2. Top and bottom rail extrusions shall be mechanically fastened to vertical uprights and reinforced with diagonal braces as shown on the Drawings.

		3. Manufactured components shall be subjected to the Ameristar thermal stratification coating process, high-temperature, in-line, multi-stage, and multi-layer including, at a minimum, a 6-stage pretreatment/wash and an electrostatic spray application ...







		PART 3 EXECUTION

		3.1 PREPARATION

		A. New installation shall be laid out by the CONTRACTOR in accordance with the Contract Documents.



		3.2 INSTALLATION

		A. Fence Post:  Spaced according to Table 3, ±1/2 inch.  For installations that must be raked to follow sloping grades, the post spacing dimension shall be measured along the grade.  Fence panels shall be attached to posts with brackets supplied by th...

		B. Gate:

		1. Manual gates:  Gate posts shall be spaced according to the Manufacturer’s Shop Drawings, dependent on standard out-to-out gate leaf dimensions, and the gate hardware selected.  Type and quantity of gate hinges shall be based on the application, wei...

		2. Cantilever gates:

		a. New cantilever gate installations shall be laid out by the CONTRACTOR as shown on the Drawings.

		b. Hardware shall be installed in accordance with the Manufacturer’s instructions.  Transport cantilever gates shall be installed in accordance with ASTM F 2200 and UL 325.

		c. Gate stops shall be installed on each track in accordance with ASTM F 2200.

		d. Gate post shall be spaced according to specified gate elevation.  Non-gate and gate weight supporting posts shall be set in concrete bases as shown on the Drawings.  Concrete shall meet the Class B mix design as specified in SECTION 03 30 00.  Post...





		C. Maintenance:

		1. When cutting or drilling rails or posts, adhere to the following steps to seal the exposed steel surfaces:

		a. Remove metal shavings from the cut area.

		b. Apply zinc-rich primer to thoroughly cover cut edge and drilled hole; let dry.

		c. Apply 2 coats of custom finish paint matching fence color; failure to seal exposed surfaces in accordance with this Section will negate the warranty.  Ameristar spray cans or paint pens shall be used to prime and finish exposed surfaces; paint pens...







		3.3 CLEANING

		A. Clean the Work site of excess materials.  Post-hole excavations shall be scattered uniformly away from posts.







		32 31 23 - Plastic Fences and Gates

		PART 1 GENERAL

		1.1 Summary

		A. Section includes general information, products, and execution for plastic fences and gates.



		1.2 references

		A. ASTM International (ASTM):

		1. A 123 – Standard Specification for Zinc (Hot-Dip Galvanized) Coatings on Iron and Steel Products

		2. A 824 – Standard Specification for Metallic-Coated Steel Marcelled Tension Wire for Use With Chain Link Fence





		1.3 SUBMITTALS

		A. Product Data:  The Manufacturer's technical data for fence fabric, steel posts, ties, and tension wire.

		B. Shop Drawings.





		PART 2 products

		2.1 materials

		A. PP Safety Fence Fabric:

		1. Diamond mesh pattern with smooth top and bottom edge.

		2. Mesh size:  Approximately 1 1/2-inch by 1 3/4-inch.

		3. Fabric height:  4-feet or 6-feet as shown on the Drawings.



		B. Metal Fence Post:

		1. Material:  Studded tee post rails weighing a minimum 1 1/4 pounds per foot.

		2. Finish:  Baked green enamel, hot-dipped galvanized in accordance with ASTM A 123.

		3. Anchor plate:  Securely swaged on the tee post studs.

		4. Vinyl cap:  Premolded to fit over top of tee post.



		C. Wire:

		1. Tension wire:  0.177-inch, type II, zinc-coated (galvanized).

		2. Wire fasteners:  Preformed clips for attaching to tee post.







		PART 3 EXECUTION

		3.1 GENERAL

		A. Provide labor, tools, equipment, and Work necessary for, or incidental to, the supply and construction of a safety grid fence as shown on the Drawings.

		B. Perform clearing and grubbing as necessary to construct the fence to the required grade and alignment.

		C. Components shall not infringe upon adjacent property lines.



		3.2 preparation

		A. Alignment Breaks:

		1. At locations where breaks in a run of fencing are required, at intersections with existing fences, or at a ditch, canal, or channel crossing, appropriate adjustments in fence alignment and fence post spacing shall be made to satisfy the requirement...

		2. Provide gates for vehicle or pedestrian access as required and adequate fastening to allow opening and closing to secure the affected area.





		3.3 installation

		A. Post tops shall be set to the required grade and alignment.

		B. Fence posts shall be spaced at a maximum of 8 feet for 4 foot high fabric and 10 feet for 6 foot high fabric.  Posts shall be embedded 2 feet into compacted soil.

		C. Stretch fabric between end posts or at intervals of 100 feet at a maximum, whichever is less.  Pull fabric taut with the bottom one inch to 2 inches above the ground line.  Weave the tension wire through the top diamond pattern.  Attach tension wir...

		D. Splices in the fabric shall be made at a post.

		E. Posts and fabric shall be flush at the top of the post.

		F. For gate sections use top and bottom tension wires attached to an independent metal post.  Secure independent post at open end with a top and bottom wire loop to the line post.



		3.4 protection

		A. Protect the fence during construction.

		B. Damage to the fence shall be repaired within 8 hours to the satisfaction of the ENGINEER.







		32 32 23 - Segmental Retaining Walls

		PART 1 GENERAL

		1.1 summary

		A. Section includes general information, products, and execution for SRWs.

		B. Related Sections:

		1. SECTION 31 23 23 – FILL





		1.2 References

		A. ASTM International (ASTM):

		1. C 140 – Standard Test Methods for Sampling and Testing Concrete Masonry Units and Related Units

		2. D 422 – Standard Test Method for Particle-Size Analysis of Soils

		3. D 698 – Standard Test Methods for Laboratory Compaction Characteristics of Soil Using Standard Effort (12,400 ft-lbf/ft3 (600 kN-m/m3))

		4. D 1248 – Standard Specification for Polyethylene Plastics Extrusion Materials for Wire and Cable

		5. D 3034 – Standard Specification for Type PSM Poly(Vinyl Chloride) (PVC) Sewer Pipe and Fittings





		1.3 Submittals

		A. Product Data:  Geotextile.

		B. Quality Control Submittals:

		1. Certificates:  Submit the Manufacturer’s certifications 2 weeks prior to the start of Work stating that SRW units and geosynthetic reinforcement are as specified in this Section.  If the height from the base is greater than or equal to 4 feet, the ...





		1.4 quality assurance

		A. Qualifications:

		1. A minimum of 5 years of documented experience in the Work of this Section.

		2. Approved by the Manufacturer.





		1.5 Delivery, Storage, and Handling

		A. Check materials upon delivery to ensure the specified type and grade of materials and the proper color and texture of SRW units are supplied.

		B. Store and handle materials in accordance with the Manufacturer's instructions.

		C. Prevent excessive mud, wet concrete, epoxies, and like materials that may affix themselves from coming in contact with SRW materials.

		D. Protect materials from damage.  Damaged materials shall not be used into the retaining wall.





		PART 2 products

		2.1 Approved Manufacturers

		A. Geogrids:

		1. Fortrac





		2.2 materials

		A. SRW Units:

		1. Machine-formed portland cement concrete blocks specifically designed for retaining wall applications.

		2. Color:  As shown on the Drawings.

		3. Face finish:  As shown on the Drawings.

		4. Unit height:  As shown on the Drawings.

		5. Units (not including aggregate fill in unit voids) shall provide a minimum weight of 78 psf per wall face area.

		6. Units shall have a minimum depth (front face to rear) to height ratio of 1.5:1.

		7. Units shall be sound and free of cracks and defects that would interfere with the proper placement of the unit or impair the strength or permanence of the structure.  Units with cracking or excessive chipping shall not be used.

		8. Concrete used to manufacture units shall have a minimum 28 day compressive strength of 3,000 psi and a maximum moisture absorption rate, by weight, of 8% as determined in accordance with ASTM C 140.  Compressive strength test specimens shall confor...

		9. Units molded dimensions shall not differ more than ±1/8 inch from that specified, except height which shall be ±1/16 inch as measured in accordance with ASTM C 140.



		B. Units shall be interlocked with connection pins.  Pins shall consist of glass-reinforced nylon made for use with the units supplied.

		C. Geosynthetic reinforcement shall consist of geogrids or geotextiles manufactured as a soil reinforcement element.

		1. Manufacturers of geosynthetic reinforcement shall have demonstrated construction of similar sizes and types of SRWs on previous projects.

		2. The type, strength, and placement location of the reinforcing geosynthetic shall be as determined or as shown on the Drawings.



		D. Leveling pad material shall consist of CDOT Class 6 aggregate base course and be a minimum of 8 inches in depth.

		E. Drainage aggregate shall be angular, clean stone, or granular fill that meets the following gradation, as determined in accordance with ASTM D 422.

		F. Drainage Pipe:  Perforated or slotted PVC or corrugated HDPE pipe wrapped with a geotextile fabric to function as a filter and manufactured in accordance with ASTM D 3034 and ASTM D 1248.

		G. Reinforced Soil:

		1. Reinforced soil material shall be free of debris.  The reinforced material shall consist of the inorganic NRCS soil types:  GP, GW, SW, SP, and SM meeting the following gradation, as determined in accordance with ASTM D 422.

		2. The maximum particle size of GP, no fines, shall not exceed 3/4-inch unless geosynthetic strength is reduced to account for additional installation damage from larger particles.

		3. The plasticity of the fine fraction shall be less than 20.

		4. Reinforced soil material shall meet the following gradation:







		PART 3 execution

		3.1 Preparation

		A. Following excavation, foundation soil shall be examined by the ENGINEER to ensure actual strength meets or exceeds the assumed design bearing strength.  Soils that fail to meet the required strength shall be removed and replaced with infill soils a...

		B. Foundation soil shall be proof-rolled and compacted to 95% of maximum density as determined by ASTM D 698 at a moisture content within 2% of optimum, and inspected by the ENGINEER prior to the placement of leveling pad materials.



		3.2 installation

		A. Design:

		1. For constructability considerations, vertical spacing between geosynthetic layers shall not exceed 2 feet.

		2. Each layer of geosynthetic reinforcement shall be designed with 100% continuous coverage parallel to the length of the wall.  Gapping between horizontally adjacent layers of geosynthetic (partial coverage) is not allowed.



		B. Excavation:

		1. Excavate to the lines and grades shown on the Drawings; take precautions to minimize over-excavation.  Over-excavation shall be filled with compacted fill as specified in SECTION 31 23 23 at the CONTRACTOR's expense.

		2. Verify the location of existing structures and utilities prior to excavation.  Ensure surrounding structures are protected from the effects of wall excavation.  Provide excavation support if required.



		C. Leveling Pad:  Place as shown on the Drawings.  The leveling pad shall extend laterally at least 6 inches from the toe and heel of the lowermost SRW unit.

		D. SRW Units:

		1. Install SRW units to the proper elevation and orientation shown on the Drawings and in general accordance with the Manufacturer's instructions.

		2. The first course of units shall be placed on the leveling pad.  Units shall be leveled side-to-side, front-to-rear, and with adjacent units.  Align to ensure contact with the leveling pad.  Alignment may be done by means of a string line or offset ...

		3. Voids within the units shall be filled with granular drainage aggregate and excess debris cleaned from the top of the units.

		4. The next course of units shall be placed on top of the lower course of units.

		5. Where pins are utilized, connection shall be installed through the pin holes of each upper course unit into the receiving slots in the lower course units.  Pins shall be fully seated in the pin slot below.  Units shall be pushed forward to remove l...

		6. The layout of curves and corners shall be installed in accordance with the Drawings and the Manufacturer's installation guidelines.  Walls meeting at corners shall be interlocked by overlapping successive courses.

		7. These procedures shall be repeated to the extent of wall height.

		8. The wall face cant shall not differ more than ±2 degrees from that specified.



		E. Geosynthetic Reinforcement:

		1. Install geosynthetic reinforcement at the proper elevation and orientation shown on the Drawings.  Verify that orientation is correct in accordance with the Manufacturer's instructions.

		2. Lay horizontally on compacted fill and on top of concrete SRW units at the elevations shown on the Drawings.  Embedment in the SRW units shall be as described in the Manufacturer's instructions.  The highest strength direction shall be perpendicula...

		3. Layers shall be one continuous piece for the entire embedment length.  Overlap in the design strength direction perpendicular to the wall face is not permitted.  Horizontally adjacent sections shall be butted in a manner to ensure 100% coverage aft...

		4. A minimum of 6 inches of backfill is required prior to the operation of tracked vehicles over reinforcement.  Rubber tire equipment may pass directly over reinforcement at speeds less than 5 mph; keep turning to a minimum.

		5. In tension and free of wrinkles prior to the placement of fill.  Nominal tension shall be applied and secured in place with staples, stakes, or by hand-tensioning until reinforcement is covered by 6 inches of fill.



		F. Drainage:

		1. Drainage aggregate shall be installed to the line, grades, and sections shown on the Drawings.  Drainage fill shall be placed to the minimum thickness shown on the Drawings between and behind units.

		2. Collection pipes shall be installed to maintain the gravity flow of water outside the reinforced soil zone.  Collection pipe shall daylight along a slope at an elevation lower than the lowest point of the pipe within the aggregate drain.



		G. Backfill:

		1. Reinforced backfill shall be placed as shown on the Drawings in the maximum compacted lift thickness of 10-inches and compacted to 95% of maximum density in accordance with ASTM D 698 at a moisture content within 2% of optimum.  Backfill shall be p...

		2. Only hand-operated compaction equipment is allowed within 3 feet of the front of the wall face.  Compaction within 3 feet behind the wall face shall be achieved by using a lightweight mechanical tamper, plate, or roller.

		3. At the end of each day's operation, slope the last level of backfill away from the wall facing to direct water runoff away from the wall face.

		4. At completion of wall construction, backfill shall be placed level with the final top of the wall elevation.  If final grading, paving, landscaping, and storm drainage installation adjacent to the wall is not placed immediately after wall completio...



		H. SRW Caps:

		1. Properly align and glue SRW caps to underlying units with Manufacturer recommended, flexible, high-strength concrete adhesive.  Rigid adhesive and mortar shall not be used.

		2. Overhang the top course of units by 3/4 inch to one inch; a slight variation in overhang is allowed to correct alignment at the top of the wall.









		32 80 00 - Irrigation Systems

		PART 1 GENERAL

		1.1 summary

		A. Section includes general information, products, and execution for irrigation systems.

		B. Related Sections:

		1. SECTION 31 23 24 – TRENCH BACKFILL





		1.2 REFERENCES

		A. ASTM International (ASTM):

		1. A 536 – Standard Specification for Ductile Iron Castings

		2. B 62 – Standard Specification for Composition Bronze or Ounce Metal Castings

		3. B 584 – Standard Specification for Copper Alloy Sand Castings for General Applications

		4. C 33 – Standard Specification for Concrete Aggregates.

		5. D 256 – Standard Test Methods for Determining the Izod Pendulum Impact Resistance of Plastics

		6. D 638 – Standard Test Method for Tensile Properties of Plastics

		7. D 648 – Standard Test Method for Deflection Temperature of Plastics Under Flexural Load in the Edgewise Position

		8. D 698 – Standard Test Methods for Laboratory Compaction Characteristics of Soil Using Standard Effort (12,400 ft-lbf/ft3 (600 kN-m/m3))

		9. D 790 – Standard Test Methods for Flexural Properties of Unreinforced and Reinforced Plastics and Electrical Insulating Materials

		10. D 792 – Standard Test Methods for Density and Specific Gravity (Relative Density) of Plastics by Displacement

		11. D 1784 – Standard Specification for Rigid Poly(Vinyl Chloride) (PVC) Compounds and Chlorinated Poly(Vinyl Chloride) (CPVC) Compounds

		12. D 2239 – Standard Specification for Polyethylene (PE) Plastic Pipe (SIDR-PR) Based on Controlled Inside Diameter

		13. D 2241 – Standard Specification for Poly(Vinyl Chloride) (PVC) Pressure-Rated Pipe (SDR Series)

		14. D 2464 – Standard Specification for Threaded Poly(Vinyl Chloride) (PVC) Plastic Pipe Fittings, Schedule 80

		15. D 2466 – Standard Specification for Poly(Vinyl Chloride) (PVC) Plastic Pipe Fittings, Schedule 40.

		16. D 2467 – Standard Specification for Poly(Vinyl Chloride) (PVC) Plastic Pipe Fittings, Schedule 80

		17. D 2564 – Standard Specification for Solvent Cements for Poly(Vinyl Chloride) (PVC) Plastic Piping Systems

		18. F 477 – Standard Specification for Elastomeric Seals (Gaskets) for Joining Plastic Pipe



		B. Colorado Department of Transportation (CDOT):

		1. Standard Specifications for Road and Bridge Construction



		C. Denver Water (DW):

		1. Engineering Standards, MS-16 – Magnetic Drive Displacement Type Water Meters 5/8 Through 2-Inch

		2. Engineering Standards, MS-18 – Magnetic Drive Turbine Type Water Meters 1 1/2 Through 16-Inch

		3. Engineering Standards, Sheet 61 – Outside Setting for 3” & Larger Reduced Pressure Principle Assembly N-Type, Above Ground

		4. Engineering Standards, Sheet 69 – Irrigation Outside Setting for 2” & Smaller Reduced Pressure Principle Assembly in Enclosure



		D. Manufacturers Standardization Society (MSS):

		1. SP-80 – Bronze Gate, Globe, Angle, and Check Valves



		E. National Fire Protection Association (NFPA):

		1. 70 – National Electrical Code (NEC)



		F. NSF International/American National Standards Institute (NSF/ANSI):

		1. 61 – Drinking Water System Components – Health Effects





		1.3 SUBMITTALS

		A. Product Data:  Include information on the meter, backflow preventer, controller, valves, flow sensor, pipes, and pipe fittings.

		B. Quality Control Submittals:  Qualifications of the systems Manufacturer and the systems installer.

		C. Warranty Documentation:

		1. Sample warranty.

		2. Warranty





		1.4 MATERIAL Submittals

		A. Provide, tag, and box the following special tools for shipment and storage:



		1.5 Quality Assurance

		A. Qualifications:

		1. CONTRACTOR:  Coordinate installation with other trades on the Work.

		2. Systems Supplier:  Regularly engaged in the distribution of irrigation systems.

		3. Systems Installer Qualifications:

		a. A minimum of 5 years of documented experience in the Work of this Section.

		b. Approved by the Manufacturer.



		4. Field superintendent:  On-site daily; provide at least one Maxicom certified installer during the installation of Maxicom related equipment.





		1.6 warranty

		A. Warranty for one year from the Substantial Completion date for the satisfactory performance and installation of the irrigation system and associated appurtenances.





		PART 2 PRODUCTS

		2.1 approved manufacturers

		A. Meters:

		1. Type A, 3-inches or larger:  In accordance with DW Engineering Standard MS-18

		2. Type B:  2-inches or smaller:  In accordance with DW Engineering Standard MS-16

		3. Reduced pressure backflow assemblies:

		a. Type A:  In accordance with DW Engineering Standards Sheet 61

		b. Type B:  In accordance with DW Engineering Standards Sheet 69





		B. Valves:

		1. Master valve:  Superior, 3200

		2. Isolation valves:

		a. Type A, Matco, 10RT

		b. Type B, Matco, 513



		3. Drain valves:  Matco, 513

		4. Drain Check Valves: Rain Bird, Seal-A-Matic (SAM)

		5. Quick-coupling valves:  Rain Bird, 44-RC

		6. Angle valve:  Buckner, VBM

		7. Ball valve:  Spears, PVC True Union

		8. Electric control valve:  Rain Bird PEB Series



		C. Dripline Filter:  Netafim Techfilter with Triflurex incorporated into the replaceable disk

		D. Pressure Regulator:  Netafim high flow series.

		1. Pipe:  Dripline – Netafim Techline CV

		E. Dripline Fittings:  Netafim 17mm

		F. Flow Sensing:

		1. Flow sensor:  Rain Bird, FS

		2. Flow monitor:  Rain Bird, Model PT-3002 Flow Transmitter



		G. Controllers:

		1. Rain Bird Maxicom Central Controller:

		a. Rain Bird, ESP-SITE SAT:  Up to 40 station demand

		b. Rain Bird, ESP-SAT:  Over 40 station demand

		c. Rain Bird, CCU-6:  Over 40 station demand

		d. Flow monitor:  Rain Bird, PT 3002



		2. Rain Bird, ESP-LXD Modular Series Controller



		H. Valve and Utility Boxes:

		1. Cluster control valve box:  Carson, Brooks Plastics, Model 2436-18 (without quick-coupler) or Model 3636-18 (with quick-coupler)

		2. Single control valve box:  Carson, Brooks Plastics, Model 1324-15

		3. Isolation valve box:  Carson, Brooks Plastics, Model 910

		4. Drain valve box:  Carson, Brooks Plastics, Model 910

		5. Splice box:  Carson, Brooks Plastics, Model 1017-12



		I. Wire Splice:  3M, DBY direct-bury splice kit

		J. Solvent Primer:  Weld-On



		2.2 materials

		A. Meter:

		1. Wiring shall be compatible with Itron ERT meter reading and run from the conduit to the single gang box at a height of 7 feet on the outside of the building.

		2. As specified in DW’s Engineering Standards.



		B. Backflow Preventer:  The reduced pressure backflow assembly shall be approved by the Foundation for Cross-Connection Control and Hydraulic Research at the University of Southern California.

		C. Pipe Zone:  As specified in SECTION 31 23 24.

		D. Valve Box Base:  3/4-inch crushed rock, Standard Specifications for Road and Bridge Construction Size No. 7, free from dirt, clay balls, and organic material.

		E. Valves:

		1. Master valve:

		a. Normally closed.

		b. Brass body.

		c. EPDM rubber parts.

		d. 24 VAC solenoid.



		2. Isolation valve:

		a. Type A:

		1) 200 psi CWP.

		2) Full port flow.

		3) Epoxy-coated CI, internal and external.

		4) Vulcanized encapsulated resilient wedge.

		5) Serviceable in-line.

		6) Wrench nut, 2-inch.

		7) Replaceable disc.



		b. Type B:

		1) 200 psi WOG.

		2) Non-rising stem.

		3) Full port flow.

		4) Solid wedge.

		5) Cross handle.

		6) In accordance with MSS SP-80 and ASTM B 62.





		3. Drain valves:

		a. 200 psi WOG.

		b. Non-rising stem.

		c. Full port flow.

		d. Solid wedge.

		e. Cross handle.

		f. In accordance with MSS SP-80 and ASTM B 62.



		4. Quick-coupling valves:

		a. The valve shall be a 2-piece type, constructed of heavy duty cast brass in accordance with ASTM B 584, 81-3-7-9 type.

		b. Self-closing, yellow thermoplastic cover with an optional locking cover.

		c. Corrosion-resistant stainless steel spring.

		d. Operating range:  10 gpm to 125 gpm, 5 psi to 125 psi.

		e. The valve design shall be compatible with the valve coupler key and hose swivels.

		f. Hose swivel, Rain Bird SH-1:  One-inch female pipe thread by 3/4-inch male hose thread.

		g. Valve key, Rain Bird 44-K:  One-inch.



		5. Angle valve:

		a. Heavy duty cast brass.

		b. Cross handle.

		c. Incorporate a free-rotating seat disc assembly and a rising flow control stem to minimize pressure loss through the valve.

		d. The valve seat disc shall use replaceable seat washers.

		e. The flow control stem and seat disc assembly shall be removable from the valve body without removing the body from the pipeline.



		6. Ball valve:

		a. PVC Type 1 Cell Classification 12454-B.

		b. Valves shall have a double stop PP handle.

		c. Union nuts shall have buttress threads.

		d. Valve components shall be replaceable.

		e. Full Schedule 80 bore opening.

		f. The seal carrier shall stop flow in either direction.



		7. Electric control valve:

		a. Durable glass-filled nylon construction.

		b. The valve shall have internal and external manual open/close (internal and external bleed) for manually opening and closing the valve without electrically energizing the solenoid.

		c. The valve shall house a fully encapsulated one-piece solenoid.  The solenoid shall have a captured plunger with a removable retainer and a leverage handle.  The 24 VAC 50/60 Hz solenoid shall open with 19.6 VAC minimum at 200 psi.  At 24 VAC, avera...

		d. The valve’s construction shall provide for internal parts to be removable from the top of the valve without disturbance to the valve installation.





		F. Pressure Regulator:

		1. Plastic sealed unit, field replaceable.

		2. Built-in indicator pops out when proper outlet pressure is achieved.



		G. Pipe:

		1. Mainline, Type A:

		a. Class 200RT PVC, SDR 21 semi-rigid, Type I, in accordance with ASTM D 1784, ASTM D 2241, and NSF/ANSI 61.

		b. Class 200RT with molded in place gasket in accordance with ASTM D 2564.



		2. Mainline, Type B:  Class 200BE PVC, SDR 21 semi-rigid, Type I, in accordance with ASTM D 1784, ASTM D 2241, and NSF/ANSI 61.

		3. Lateral lines – PE pipe:  100 psi, NSF/ANSI 61, PE 3408, in accordance with ASTM D 2239.

		4. Dripline –17mm dripline, 0.9 GPH emitter flow rate, 12 inch emitter spacing.



		H. Fittings:

		1. Mainline fittings, Type A:  Ductile iron, Grade 65-45-12 in accordance with ASTM A 536.  Fittings shall be Harco Deep Bell and have deep bell push-on joints with gaskets meeting ASTM F 477.

		2. Mainline fittings, Type B:  PVC Type 1, Schedule 80, in accordance with ASTM D 1784, ASTM D 2464, and ASTM D 2467.

		3. Valve and lateral fittings:

		a. PVC Type 1, Schedule 40 in accordance with ASTM D 1784 and ASTM D 2466.

		b. PVC Type 1, Schedule 80 in accordance with ASTM D 1784, ASTM D 2464, and ASTM D 2467.



		4. Dripline fittings:  17mm, high pressure rated, UV-resistant, barbed fittings.



		I. Sleeves:

		1. Sidewalks:  Schedule 40 PVC, in accordance with ASTM D 1784, semi-rigid, Type I, ASTM D 2466.

		2. Roadways:  Schedule 80 PVC, Type 1, in accordance with ASTM D 1784, ASTM D2464, and ASTM D 2467.



		J. Flow Sensing:

		1. Flow sensor:

		a. In-line PVC tee sensor with a non-magnetic, spinning impeller.

		b. Electronics housing:  Glass-filled PPS.

		c. Shaft:  Tungsten carbide.

		d. Electrical connections:  2 single conductor #18 AWG leads.



		2. Flow monitor:

		a. Wall mount.

		b. 12 VAC/VDC to 24 VAC/VDC power supply.





		K. Control Wiring:

		1. Type:  #14 gauge solid AWG and UL/UF approved.

		2. Control wiring color:  Red.

		3. Common wires:  White.

		4. Spare control wires:  Yellow, those left in valve boxes shall be located at zone x-x and clearly identified by a marking tag at the controller.



		L. Controller:

		1. Rain Bird Maxicom central controller:

		a. The packaged system enclosure shall be stainless steel and factory assembled and tested.

		b. Flow monitor:  Power supply mounted in the assembly.

		c. Surge protection with removable inserts; protects up to 6 low voltage input devices.

		d. Site rain gauge pole-mounted assembly:  Tipping rain gauge with bracket, 12-foot galvanized steel pole, and a Rain Bird pulse decoder pre-wired to the terminal strip.

		e. Ethernet communication.

		f. Lightning protection through the installation of a grounding grid.

		g. Input required:  120 VAC ±10%, 60 Hz.



		2. Rain Bird ESP-LXD modular series controller:

		a. Sensor inputs: 4 (one wired plus up to 3 decoder-managed), with an override switch.

		b. LXMM metal wall mount case:  8, 12, or 16 station requirement.

		c. LXMM-PED metal pedestal:  20 or more station requirement.

		d. Input required:  120 VAC ±10%, 60 Hz.





		M. Valve and Utility Boxes:

		1. Box:  Thermoplastic construction in accordance with ASTM D 256, ASTM D 638, ASTM D 648, ASTM D 790, and ASTM D 792.

		2. Cover:  HDPE, T-cover.



		N. Sprinklers:

		1. Gear-driven rotor:  As shown on the Drawings.  Pop-up with radius and arc adjustments, stainless steel riser, and a SAM drain check valve.

		2. Spray head:  As shown on the Drawings.  Pop-up with UV-resistant plastic construction SAM and a PRS.



		O. Accessories:  Stainless steel worm-gear clamps with a 3/8-inch wide stainless steel hex head screw.





		PART 3 EXECUTION

		3.1 INSTALLATION

		A. Excavation and Backfill:

		1. Trenching and installation of the irrigation system shall not occur until finish grades are attained and the ENGINEER’s approval received.

		2. Excavation:

		a. Unclassified.

		b. Minimum depth:

		1) Mainline, from finish grade to top of pipe:  24 inches.

		2) Laterals, from finish grade to top of pipe:  18 inches.

		3) Wiring:  Constant side next to mainline.



		c. Width:

		1) Mainline:  Excavate with a minimum of 4 inches on the sides of piping.

		2) Laterals:  Excavate to the narrowest practicable width to perform connections.



		d. Bottom:  Reasonably true to grade and free of protruding stones, roots, and other undesirable material.  Uniformly slope to low points at a minimum of 3 inches per 100 feet.

		e. Avoid existing interference and utilities by adjusting the grade of the mainline.  Provide the necessary fittings and excavation to make the adjustment.



		3. Backfill:

		a. Pipe base material:  Place and firmly compact squeegee sand, 10% passing at 3/8-inch sieve, 3% passing at No. 200 sieve, in accordance with ASTM C 33, to 3 inches in depth to provide a uniform, solid foundation for mainline pipe.  Maintain 3 inches...

		b. Place backfill in layers that do not exceed 6-inches and thoroughly compact each layer up to finished grade.

		c. Install poly marker tape and tracer wire as shown on the Drawings.

		d. Settling that occurs during the warranty period shall be repaired at the CONTRACTOR’s expense, including damage to other items affected by settling.

		e. Remove excess material and debris from areas disturbed on-site.





		B. Gasketed Pipe:

		1. Cut the pipe squarely; bevel the plain end.  The bevel shall be 15 degrees and 3/4-inch long.  Measure the bell depth; mark the pipe for reference.  In cold weather, allow 1/2 inch clearance between the end of pipe and the bell stop for future pipe...

		2. Clean debris from the bell area of the fitting.  Seat the gasket completely in the groove and ensure there are no raised areas.

		3. Lubricate the gasket and the plain end of the pipe with lubricant supplied by the pipe Manufacturer.

		4. Align the pipe with the fitting; push together by hand with pry bars on the end of the fitting or with 2 pry bars using the lugs on the fitting.  Insert until the reference line mark is even with the edge of the fitting bell.



		C. Plastic Pipe:

		1. Plastic pipe shall not be installed when temperatures are below 40 F.

		2. Use the Manufacturer’s recommended sealant for threaded pipe connections.

		3. Lay the pipe on the prepared base and snake it from one side of trench to the other to provide for subsequent thermal expansion and contraction.

		4. After the successful completion of hydrostatic pressure testing and with the approval of the ENGINEER, begin backfill activities.

		5. Pipe installed under hardscapes (walks, curbs, pavement) shall be inside PVC sleeves.



		D. Solvent Weld Cement and Primers:  Use the type recommended by the Manufacturer of the pipe and the fittings:

		E. Thrust Blocking:

		1. Provide thrust blocks at changes in size or direction.  Bends, reducers, plugs, and the opposite side of tee branches require thrust blocks.

		2. The working pressure, the size and type of fitting, and the soil conditions on-site will determine the size of the thrust block.

		3. Calculate the total thrust by selecting thrust/100 by size and type of fitting from Table 1.  Multiply thrust/100 by system pressure and divide by 100.

		4. Divide the total thrust by the bearing capacity of the soil in excavation from Table 2 to determine the area in square feet of thrust block required to be in contact with undisturbed soil.  Soil type determined by the ENGINEER.



		F. Irrigation Line Clearances:

		1. Same trench:  Minimum 6 inch horizontal clearance.

		2. Crossing lines:  Minimum 2 inch vertical clearance.

		3. Other utilities:  Minimum 24 inch clearance in any direction.



		G. Sleeves:

		1. Utilize the following sleeve sizes unless otherwise noted on the Drawings:

		2. Depth of sleeve:

		a. Mainline:  24 inches from finish grade to top of pipe; extend 2 feet past hardscape.

		b. Laterals:  18 inches from finish grade to top of pipe; extend 2 feet past hardscape.



		3. Sleeved pipe shall be installed on a compacted or non-disturbed subgrade.

		4. Wrap ends with a 3 foot length of Typar type landscape fabric.  Duct tape landscape fabric to the sleeve.

		5. Install mainline, lateral pipe, and control wires if applicable.  Snug fabric around piping; duct tape to prevent backfill material from entering the sleeve.

		6. Backfill and compact as outlined for trench excavations.



		H. Valves and Valve Boxes:

		1. Control valves:  Install in a single or clustered configuration as shown on the Drawings; verify with the ENGINEER prior to installation.

		2. Isolation valves:  Install with brick foundation and gravel sump as shown on the Drawings.

		3. Valve boxes:  Install on brick foundations and gravel sump as shown on the Drawings.

		a. Lawn areas:  Set cover flush with finish grade.

		b. Mulched areas:  Set flush with the top of the mulch.





		I. Drain Valves:

		1. Pit excavation and preparation:

		a. Install valves on brick foundation with gravel sump as shown on the Drawings.

		b. Excavate 3 feet below the mainline.

		c. Excavate the pit diameter to contain a minimum of 3 cubic feet of crushed rock.

		d. Place Typar type landscape fabric into the hole, and install rock on top of fabric.  The installed rock shall be completely covered with fabric to prevent the infiltration of fines.



		2. Install as shown on the Drawings.



		J. System Drainage:

		1. Drain valves:  Locate at the points shown on the Drawings.

		2. Slope lines to ensure the entire system is effectively drained to the drain valves.



		K. Sprinklers:

		1. Sprinkler heads shall be adjusted vertically to be flush with finish grade.

		2. Install heads on double swing joint or swing pipe assemblies.  Use Teflon type pipe compound or the Manufacturers recommended compound for the threaded sprinkler connection.

		3. The angle of the swing joints relative to lateral lines shall be between 15 degrees and 45 degrees.

		4. Install with the spacing shown on the Drawings.  Vary the arrangement of heads to avoid trees, shrubs, and other obstacles with the approval of the ENGINEER.

		5. Locate a minimum of 2 inches from walkways, drives, paths, curbs, and paved areas.

		6. Tighten nozzles on pop-up spray heads after installation.  Adjust sprinklers for proper coverage and discharge rate.



		L. Wiring:

		1. Low-voltage:

		a. The installation of the wiring bundle shall be to one side and as close as possible to the mainline.

		b. Leave a 24-inch coil of wire in each valve box and make connections with 3M DBY splice connectors.

		c. The connection between the controller and the control valves shall be #14 UL/UF wire.

		d. Direct-bury splices shall not be permitted unless contained in a splice box.

		e. Control wire color:  Red.

		f. Common wire:  White.

		g. Spare wires:  Yellow.

		h. Ground wires at the controller:  Green.



		2. High-voltage:  Electrical wiring shall be installed in accordance with the Manufacturer’s instructions and NFPA 70.



		M. Controller:

		1. Packaged wall-mounted controller assembly:  Make the necessary connections to control wiring, electrical supply, grounding, rain can, and network lines.

		2. Install in accordance with the Manufacturer’s instructions.

		3. Verify controller assembly with the ENGINEER; grounding shall provide a resistance of 10 ohms or less.



		N. Flushing:  Flush the mainline before the installation of control valves; flush laterals before the installation of nozzles.



		3.2 quality control

		A. Testing and Inspection:

		1. The mainline to be tested shall be backfilled as specified prior to testing.

		2. Close angle and ball valves at control valve locations.

		3. Isolate the mainline from the backflow preventer.

		4. Testing shall be performed after the mainline is properly filled, flushed, and purged of air.

		5. The hydrostatic pressure test shall not be performed on solvent welded pipeline and pipe joints for a minimum of 2 days after installation.

		6. Test the mainline pipe to 1.25 times the maximum working pressure.  Typically test at 100 psi, measured at the highest point of the section being tested, for a period of 2 hours.  Allowable pressure drop shall be a maximum of 5 psi as determined by:

		a. Gasketed pipe:  L =   SD (square root of P)



		148,000

		b. Solvent weld pipe:  L = 0



		7. Test lateral lines by zone under normal operating pressure until approved by the ENGINEER.

		8. Remove and replace defective piping; perform testing until pressure supply pipes are watertight.

		9. Adhere to the Manufacturer’s instructions.  Central control operation and grounding specifications shall be approved by the Manufacturer’s services technician and the ENGINEER before acceptance of the system.



		B. System Balancing:  Adjust flow controls and pressure reducing valves to the required sprinkler head pressure; adjust heads for alignment and coverage.  The approval of the ENGINEER is required prior to planting.







		32 91 00 - Planting Preparation

		PART 1 GENERAL

		1.1 summary

		A. Section includes general information, products, and execution for planting preparation.

		B. Related Sections:

		1. SECTION 32 92 00 – TURF AND GRASSES





		1.2 REFERENCEs

		A. Environmental Protection Agency (EPA):

		1. 503 – Standards for the Use or Disposal of Sewage Sludge





		1.3 SEQUENCING and scheduling

		A. Plant Deliveries:  Notify the ENGINEER in writing at least 3 days in advance of each delivery.

		B. Planting Season:  May 1 to October 1.

		C. Plant trees and shrubs after final grades are established and before seeding and sodding installations.

		D. Phase landscaping to occur after irrigation or other hardscape installations (if applicable).



		1.4 SUBMITTALS

		A. Product Data:  Labels and data sheets.

		B. Samples:  Representative of stockpiled or imported soil and amendment.

		C. Quality Control Submittals:  Products Supplier list.



		1.5 Quality Assurance

		A. Qualifications:  Material Suppliers shall be licensed distributors of the products.



		1.6 DELIVERY, STORAGE, AND HANDLING

		A. Secure material stored on-site.





		PART 2 PRODUCTS

		2.1 materials

		A. Fertilizer:

		1. Sod areas:

		a. Commercial, uniform in composition, free-flowing, suitable for application with equipment designed for that purpose; application rates:  5.6 lbs/1,000 sf.

		b. Mix:  Diammonium phosphate (18-46-0).

		1) N:  18%.

		2) P2O5:  46%.



		c. Fertilizer shall be of neutral character, dry, pelletized or granular, uniform in composition, free-flowing, and thoroughly mixed by the Manufacturer.



		2. Seed areas:

		a. Biosol:  All-natural organic fertilizer that is 93% fungal biomass, 4% water, and 3% potassium-magnesia; the fungal biomass (dry mycelium) shall be obtained by fermentation on raw materials such as cottonseed meal, soybean meal, sucrose, lactose, t...

		1) Application rate:  1500 pounds per acre.

		2) Carbon/nitrogen ratio:  6:1.

		3) pH level:  5 to 6.





		3. Material previously opened, caked, segregated, exceeding the expiration date of application, or otherwise damaged shall not be used.

		4. Fertilizer shall be in compliance with local, state, and federal regulations.  Fertilizer applied over water-containing structures shall be approved by the ENGINEER.



		B. Soil Amendment:

		1. Organic compost:

		a. Free from lumps, stones, foreign matter, mineral matter, and any composition harmful to plant life.

		b. Composted material with a carbon/nitrogen ratio from 20:1 to 30:1.

		c. Acidity and alkalinity range:  pH 6.0 to 8.0.

		d. Particle size:  Pass through a 1/2-inch sieve.

		e. Soluble salt content:  Maximum of 2.5 dS/m.

		f. Moisture content:  35% to 55%.

		g. Stability:  Stable to highly stable.

		h. Trace elements/heavy metals:  In accordance with EPA 503 exceptional quality concentration limits.

		i. Organic matter content:  Minimum 250 lbs/cy to 300 lbs/cy with a bulk density of 1,000 lbs/cy.

		j. Application rate:  Depth of one inch (approximately 4 cy/1,000 sf).





		C. Topsoil:  Natural, friable, sandy-loam, obtained from well-drained areas, free from objects larger than 1 1/2-inches, subsoil, roots, grass, weeds, foreign matter, hazardous or toxic substances, and deleterious materials that may be harmful to plan...

		D. Mulch:

		1. Stone mulch:

		a. Multi-colored washed river rock:  4-inches to 6-inches.

		b. Multi-colored washed river rock:  1 1/2-inch.

		c. Multi-colored washed river rock:  3/4-inch.

		d. Crushed granite:  3/4-inch.

		e. Pea gravel:  3/8-inch.



		2. Wood mulch:  Mulch shall consist of shredded red cedar tree trimmings and be free from litter, leaves, boards, and trash.



		E. Erosion Control Blanket:

		1. Straw, straw/coconut, or coconut fibers stitched into or between 100% biodegradable nettings woven from lightweight, high strength jute yarn.

		2. Slope and durability:

		a. Less than 3:1, 10 month:  Straw matrix bonded with biodegradable thread to a single fiber net.

		b. 3:1, 10 month:  Straw matrix stitch bonded with biodegradable thread between 2 natural fiber nets.

		c. 3:1 to 2:1, 18 month:  70% straw matrix, 30% coconut matrix stitch bonded with biodegradable thread between 2 natural fiber nets.

		d. Greater than 2:1, 24 month:  Coconut matrix stitch bonded with biodegradable thread between 2 natural fiber nets.









		PART 3 EXECUTION

		3.1 PREPARATION

		A. Scarify compacted subgrade to a 6 inch depth.  Remove stones over 2 1/2-inches, sticks, roots, rubbish, and other extraneous material.

		B. Establish rough grades to receive amendment and fertilizer at an appropriate level to meet final grade after placement, tilling, and compaction.

		C. Limit preparation to areas that will receive placements within 2 days after subgrade preparation.



		3.2 installation

		A. Soil Amendment:

		1. Do not place amendment when subsoil or topsoil is frozen, excessively wet, or when it is otherwise detrimental to Work.

		2. Spread compost evenly over the area to be sodded.  Add specified fertilizer at the application rate on subgrade to be seeded or sodded.  To thoroughly mix soil components, till to a depth of 6 inches.

		3. Uniformly distribute to within 1/2 inch of final grade.  Fine grade the surface to eliminate rough or low areas; maintain levels, profile, and contours.  Hand rake areas inaccessible to machine grading.  Compact with a roller to 75% of maximum dens...

		4. Remove stones exceeding 3/4-inch, roots, sticks, debris, and foreign matter during and after placement.

		5. Remove surplus subsoil from the site.  Grade the stockpile area as necessary and place in a condition acceptable for planting or seeding.



		B. Mulching:

		1. Washed river rock:  Spread 3/4-inch rock over landscape fabric to an average depth of 3 inches in areas shown on the Drawings.  For dry stream beds, add 1 1/2-inch and 4-inch to 6-inch rock at edges as shown on the Drawings.  Finish with a narrow, ...

		2. Red cedar mulch:  Apply mulch over landscape fabric to a depth of 3 inches after planting is complete.  Spread evenly over the designated area and keep neatly contained within edging.

		3. Crushed granite:  Spread 3/4-inch rock over landscape fabric to an average depth of 3 inches in areas shown on the Drawings.



		C. Erosion Control Blanket:

		1. Complete SECTION 32 92 00 prior to installing blankets.

		2. Beginning at the top of the slope, place the blanket in a 6 inch deep by 6 inch wide trench with approximately 12 inches of blanket extending beyond the up-slope portion of the trench.  Anchor the blanket by using a row of staples/stakes approximat...

		3. Roll blankets down the slope.  Blankets will unroll with the appropriate side against the soil surface.  Blankets shall be securely fastened to the soil surface by the placement of staples or stakes in the locations shown in the Manufacturer’s stap...

		4. The edges of parallel blankets shall be stapled with 2 inches to 5 inches of overlap depending on the blanket type.





		3.3 PROTECTION

		A. Protect existing materials found on-site, above and below grade.  Locates for buried utilities and structures are required before excavation.  Temporary fencing shall be used to protect plant material in vulnerable locations.  Repair damage caused ...







		32 92 00 - Turf and Grasses

		PART 1 GENERAL

		1.1 summary

		A. Section includes general information, products, and execution for turf and grasses.

		B. Related Sections:

		1. SECTION 32 31 23 – PLASTIC FENCES AND GATES

		2. SECTION 32 91 00 – PLANTING PREPARATION

		3. SECTION 32 93 00 – PLANTS





		1.2 References

		A. Code of Federal Regulations (CFR):

		1. 7 CFR Part 201 Federal Seed Act (FSA)





		1.3 Definitions:

		A. Maintenance Period:  Begin maintenance immediately after each area is planted (seed, sod, or sprig) and continue throughout the one year warranty period.

		B. Satisfactory Stand:

		1. A section of grass with bare spots no larger than 3 sf.

		2. A section of grass with less than 10% of the total area having bare spots larger than one sf.

		3. A section of grass with less than 15% of the total area having bare spots larger than 6 square inches.



		C. Replacement Area:  Areas disturbed by the activities of the CONTRACTOR.



		1.4 SEQUENCING and scheduling

		A. Before beginning the Work of this Section, complete planting as specified in SECTION 32 93 00 and prepare subgrade as specified in SECTION 32 91 00.

		B. Complete the Work described herein within 10 days of the completion of soil preparation.

		C. Notify the ENGINEER in writing at least 3 days in advance of each material delivery and at the start of seeding activity.

		D. Seed and Sod Installation:  March 15 to June 15; September 1 to October 15.



		1.5 SUBMITTALS

		A. Product Data:  Seed and sod labels and data sheets.

		B. Quality Control Submittals:

		1. Certifications:  Seed analysis, germination rate, and inoculation; certify that each lot of seed was tested within 6 months of the date of delivery by a certified seed testing laboratory.  Include with certification:

		a. The name and address of the laboratory.

		b. The date of the test.

		c. The lot number for each seed specified.

		d. Test results:  Name; percentages of purity and of germination; weed content for each kind of seed provided.

		e. The proportions of each kind of seed.





		C. Administrative Submittals:  Sod load tickets.

		D. Warranty Documentation:

		1. Sample warranty.

		2. Warranty.





		1.6 DELIVERY, STORAGE, AND Handling

		A. Seed:  Provide in standard containers with the seed name, lot number, net weight, percentages of purity, germination, and the hard seed and maximum weed seed content clearly marked for each container of seed; keep dry during storage.

		B. Hydroseeding Mulch:  Mark the air dry weight on the package of wood fiber mulch.

		C. Sod:

		1. Deliver sod on pallets properly loaded on vehicles with the root system protected from exposure to sun, wind, and heat.  Label with botanical and common names of each grass species in accordance with the FSA.  Sod damaged by poor handling or improp...

		2. Protect from dehydration, contamination, freezing, and heat.  Keep stored sod moist and under shade or covered with moistened burlap.

		3. Stack no more than 2 feet deep.

		4. Sod rolls shall not be dropped from carts, trucks, or pallets.

		5. Do not deliver more sod than can be installed within 2 days.



		D. Fertilizer:

		1. Deliver inorganic or chemical fertilizer to the Work site in its original, unopened container bearing the Manufacturer's guaranteed chemical analysis, name, trade name, trademark, warranty, and conformance to state law.

		2. Material shall be inspected upon arrival at the Work site.

		3. Immediately remove unacceptable material from the Work site.





		1.7 site conditions

		A. Perform Work under favorable weather and soil moisture conditions as determined by acceptable local practice.



		1.8 warranty

		A. Warranty for 5 years from the Substantial Completion date for the satisfactory performance and installation of the turf and grasses system and associated appurtenances.





		PART 2 PRODUCTS

		2.1 materials

		A. Fertilizer:  Commercial, as specified in SECTION 32 91 00.

		B. Water:  Free of substances harmful to plant growth.

		C. Sod:  Colorado grown Kentucky Bluegrass blend having a healthy, vigorous root system.  The blend shall contain a minimum of 3 improved varieties of which at least one is an aggressive type.

		D. Seed:

		1. Fresh, clean new-crop seed in compliance with the tolerance for purity and germination established by the AOSA.

		2. Seeds of legumes:  Inoculated with a pure culture of nitrogen-fixing bacteria prepared specifically for legume species in accordance with the Manufacturer's instructions.

		3. Weed free with a purity of 99%.

		4. Germination shall exceed 85%.

		5. Seeding mixtures shall be applied at a PLS rate per acre as follows:

		a. Type 1 – native mix:



		6. Compensate for the percentage of purity and germination by providing sufficient additional seed to equal the specified PLS product.  The formula for determining the quantity of PLS:  Pounds of Seed (Bulk) x Purity x Germination = Pounds of PLS.



		E. Hydromulching – Wood Cellulose Fiber Mulch:

		1. Specially processed wood fiber containing no growth or germination inhibiting factors.

		2. Organic green dye to facilitate the inspection of material placement.

		3. Manufactured such that after addition and agitation in slurry tanks with water, the material fibers shall become uniformly suspended to form a homogenous slurry.

		4. When hydraulically sprayed on the ground, the material shall allow moisture absorption and percolation.



		F. Tackifier:

		1. Derived from natural, organic plant sources containing no growth or germination inhibiting materials.

		2. Capable of hydrating in water.

		3. Readily blendable with other slurry materials.

		4. Coverage rate of 40 pounds per acre.



		G. Fence:  Seeded and sodded areas shall be protected against damage from pedestrian or vehicle traffic as specified by the ENGINEER; fence material shall be clearly visible and suitable for deterring traffic as specified in SECTION 32 31 23.





		PART 3 EXECUTION

		3.1 general

		A. Areas disturbed by the CONTRACTOR’s operation such as, but not limited to, earthwork, construction, construction traffic, and the storage of equipment or materials shall be restored to existing condition.



		3.2 PREPARATION

		A. Prepare subgrade as specified in SECTION 32 91 00.

		B. Seed by evenly spreading fertilizer over the area at a rate of 1,500 lbs/acre.

		C. Sod by evenly spreading 1 1/3 inches of compost over the area.

		D. Till in thoroughly to a minimum depth of 6 inches.

		E. Grade areas to a smooth, even surface with loose, uniformly fine texture.

		F. Roll to compact.  Rake to remove ridges, fill depressions, and meet finish grades.

		G. Limit Work to areas to be planted within the immediate future.

		H. Remove debris, stones larger than 3/4-inch, and other objects that may interfere with planting and maintenance operations.

		I. Restore prepared areas to the specified condition if eroded or otherwise disturbed after preparation and prior to planting.



		3.3 installation

		A. Seeding:

		1. Start seeding within 3 days of the completion of soil preparation.

		2. Hydroseed slopes steeper than 3:1.  Flatter slopes shall be drill seeded.  Mechanical seeding may be used where weight or access of machinery is a problem.

		3. Mechanical:  Broadcast seed in 2 different directions and compact the seeded area with a cultipacter or roller.

		4. Sow seed at a uniform rate:  Type I, one lbs/1,000 sf.

		5. Use a rangeland drill type seeder with a packer wheel.

		6. Broadcasting is only allowed in areas too small to use a rangeland drill type seeder.  Where seed is broadcast, increase the seeding rate by 100%.

		7. Broadcast seed shall be raked in or covered with a minimum of 1/4 inch of soil.



		B. Sodding:

		1. Lay sod on dry soil.

		2. Lay with the longest dimension parallel to contours and in continuous rows.

		3. Tightly butt the ends and the sides of sod together.  Stagger and compact vertical joints between sod strips by rolling so that sod is incorporated with the ground surface.  Ensure tight joints between adjacent pieces.  Ensure sod is not stretched ...

		4. Add topsoil along exposed edges to match adjacent grade.  Feather topsoil out approximately one foot from the edge of the sod.  Broom screened topsoil over the entire sodded area to fill voids; do not smother sod.

		5. Roll when soil and sod are moist.  Roll sod lightly as soon as possible after it is laid.  The roller shall weigh 100 pounds to 160 pounds per foot of roller.  Delay rolling until just prior to the second watering.

		6. Assure that finished areas of sod are graded such that positive drainage of storm and irrigation water will occur and ponding of water is minimized.

		7. Thoroughly water sod immediately after laying to a depth sufficient to thoroughly wet the underside of the new sod strips and the soil below the sod.

		8. Maintain a spongy, wet surface for 7 days then begin to lessen the water requirement.



		C. Hydroseeding:

		1. Application rate:  2,500 pounds per acre plus 2 times the seed application requirements.

		2. Apply on moist soil after free surface water has drained away.

		3. Prevent drift and displacement of the mixture into other areas.

		4. Upon application, allow moisture absorption and percolation into the ground.



		D. Hydromulching:

		1. Apply immediately upon the seed being drilled.

		2. Apply wood cellulose fiber uniformly at a rate of 2,500 pounds per acre.

		3. Apply uniformly across the surface of the soil in the designated area.

		4. Mix tackifier at a rate of 40 pounds per acre with wood cellulose fiber or in accordance with the Manufacturer’s instructions.

		5. Apply water with fine spray after mulching to saturate the top 2 inches of the soil; repeat daily as required to keep the 2-inch profile moist during the 14 to 30 day germination period.





		3.4 Quality Control

		A. Sod materials shall be subject to inspection and acceptance.  Prior to acceptance, the ENGINEER reserves the right to reject sod materials if, in the ENGINEER’s opinion, the materials fail to meet the requirements herein.

		B. Inspection Control:

		1. Inspection control is primarily for quality; however, other requirements shall not be waived even though visual inspection results in acceptance.  Notify the ENGINEER in writing 2 days in advance of the intended sod farm prior to cutting for inspec...

		2. Promptly remove rejected sod from the Work site.

		3. The ENGINEER will periodically inspect during sodding, at its completion, and at the end of the warranty period.



		C. Sod Standards:

		1. Sod shall be healthy, thick turf having undergone a program of regular fertilization, mowing, and weed control that is free of objectionable weeds and uniform in green color, leaf texture, and density.  It shall have a healthy, vigorous root system...

		2. Each piece of sod shall have a sandy-loam soil base that will not break, crumble, or tear during sod installation.

		3. Thickness:  Minimum 3/4-inch, excluding top growth and thatch.

		4. Thatch:  Not to exceed 1/2-inch uncompressed.

		5. Size:  Cut in 18-inch wide strips within one day of delivery.



		D. Unconditionally guarantee a satisfactory stand of grasses in locations seeded throughout the entire warranty period.

		E. Eight weeks after seeding is complete and upon written notice from the CONTRACTOR, the ENGINEER will, within 15 days of receiving the notice, determine if a satisfactory stand is established.

		F. If a satisfactory stand is not established, the ENGINEER will make another determination following the next growing season after receiving written notice from CONTRACTOR.

		G. Maintenance:

		1. Seed maintenance includes:

		a. Keeping the surface moist to establish a satisfactory stand.

		b. Repairing washouts by filling with topsoil, fertilizing, seeding, and mulching.

		c. Replacing mulch wherever and whenever it is washed or blown away.

		d. Weed control.

		e. Repairing and maintaining fences until a satisfactory stand of grass is established.

		f. Reseeding unsatisfactory areas, or portions thereof, immediately at the end of the maintenance period if a satisfactory stand is not established.

		g. Reseeding or replanting during the next planting season if the scheduled end of maintenance period falls after consistent ground freeze.

		h. Reseeding or replanting the entire area if a satisfactory stand does not develop by July 1 of the following year.



		2. Sod maintenance includes:

		a. The maintenance period shall begin immediately after each area is sodded and shall continue until the Substantial Completion date or a minimum of 30 days, whichever is later.  During this time, water, mow, spray, weed, aerate, fertilize, and perfor...

		b. Providing supervision, labor, material, and equipment to maintain turf areas.

		c. Ensuring materials are as specified in this Section.

		d. Initial watering of sod shall begin when Work is complete and the irrigation system is operable under full control.

		e. Watering sod sufficiently to moisten subsoil at least 4 inches deep in a manner that does not cause erosion or damage to adjacent finished surfaces.  Water shall be free of substances harmful to plant growth.

		f. Providing water from an underground sprinkler system, quick-couplers, or other source.

		g. Mowing and trimming around trees (keeping mulch in saucers and beds), walls, fences, etc., and maintaining turf at 2 1/2-inches to 3-inches in height; do not remove more than 1/3 of grass leaf in a single mowing; remove grass clippings from pavemen...

		h. Resodding spots larger than one sf not having a healthy, uniform stand of grass.

		i. Weed control as required using selective herbicides approved by the ENGINEER.

		j. Final acceptance:

		1) At the end of the warranty period, the ENGINEER will, upon written notice of end of the warranty period, inspect the Work for final acceptance.  Ensure the written request is received at least 10 days before the anticipated date for final inspection.

		2) The ENGINEER will inspect and approve repairs and replacements.

		3) Sod areas will be accepted when:

		a) Roots are thoroughly knit to the soil.

		b) There is an absence of visible joints.

		c) Each area shows a uniform stand of specified grass in a healthy condition that is free of weeds, diseases, and other visible imperfections.

		d) At least 30 days have elapsed since the completion of the Work under this Section.











		3.5 PROTECTION

		A. Protect from pedestrian or vehicle traffic by erecting a temporary fence around each newly seeded or sodded area.







		32 93 00 - Plants

		PART 1 GENERAL

		1.1 Summary

		A. Section includes general information, products, and execution for plants.

		B. Related Sections:

		1. SECTION 32 91 00 – PLANTING PREPARATION





		1.2 REFERENCES

		A. American National Standards Institute (ANSI):

		1. Z60.1 – Nursery Stock



		B. Colorado Nursery Act (CNA):

		1. Title 35, Article 26, Section 111, CRS 1973



		C. Hortus Third, 1976 (Plant Encyclopedia)



		1.3 DEFINITIONS

		A. Shade and Flowering Trees:

		1. In size grading B&B shade trees, caliper takes precedence over height.

		2. In size grading B&B small and flowering trees, height shall take precedence up to 6 feet, and then caliper takes precedence.

		3. In size grading bare root and container trees, height shall take precedence up to 6 feet for small and flowering trees and 8 feet for shade trees, and then caliper takes precedence.

		4. Caliper of the trunk shall be taken 6 inches above the ground up to and including 4-inch caliper size.  Larger sizes shall be measured 12 inches above the ground.

		5. The minimum size allowable for that grade shall include plants from that size up to, but not including, the next larger grade size.



		B. Deciduous shrubs, coniferous evergreens, and broadleaf evergreens:  The size shall be the minimum size allowable for that grade, including plants from that size up to, but not including, the next larger grade size.

		C. Perennial Plants:  Graded by plant size and container size.  Plant size refers to the minimum size for a specific grade.



		1.4 SEQUENCING and scheduling

		A. Plant Deliveries:  Notify the ENGINEER in writing a minimum of 3 days in advance of each delivery.

		B. Planting Season:  May 1 to October 1.

		C. Plant trees and shrubs after final grades are established and before seeding or sodding installations.

		D. Phase landscaping to occur after irrigation system installation or other hardscape installations.



		1.5 SUBMITTALS

		A. Product Data:  For the manufactured products specified.

		B. Quality Control Submittals:

		1. Products Supplier list.

		2. Complete soil nutrient test, if applicable.

		3. Qualifications for Suppliers and landscape installers.

		4. Watering schedule.



		C. Contract Closeout Submittals: O&M instructions for the care and maintenance of each type of plant material.

		D. Warranty Documentation:

		1. Sample warranty.

		2. Warranty.





		1.6 quality assurance

		A. Qualifications:

		1. A minimum of 5 years of documented experience in the Work of this Section.

		2. Approved by the Manufacturer.



		B. Material Suppliers:  Products shall meet industry standards for type and quality; nursery stock shall be in accordance with ANSI Z60.1 and CNA, Title 35.



		1.7 DELIVERY, STORAGE, AND HANDLING

		A. Cover plants during shipment with a tarpaulin or other suitable covering to minimize desiccation.

		B. B&B Plants:  Wrap each ball firmly with burlap; securely bind burlap with twine, cord, or wire; drum lace balls 30-inches or more in diameter.

		C. Store plants in a designated staging area.  If B&B stock are not installed within 8 hours, provide mulch or excavated soil in the staging area to cover the bottom 2/3 of the root ball.  Maintain plant watering requirements until installation occurs.



		1.8 WARRANTY

		A. Warranty for one year from the Substantial Completion date, for the satisfactory performance and installation of the plants and associated appurtenances.

		B. In accordance with the accepted submittal on the care and maintenance of plants and as follows:

		1. Maintain by watering, pruning, cultivating, and weeding as required for healthy growth.  Restore planting saucers.

		2. Tighten and repair stake and guy supports and reset trees and shrubs to proper grades or vertical position as required.

		3. Restore or replace damaged wrappings.  Spray to keep trees and shrubs free of insects and disease as required.

		4. Maintenance includes providing temporary protection fences as required.

		5. Provide the watering schedule to the ENGINEER.

		6. Guarantee workmanship and installed materials; provide for removal and replacement with new, like genus/species plants with those transplanted or newly planted plants found defective, dead, or not in a vigorous, thriving condition within the one ye...







		PART 2 PRODUCTS

		2.1 approved manufacturers

		A. Anchors:

		1. Duckbill 40 and 68

		2. Uni-Anchor





		2.2 MATERIALS

		A. Trees, Shrubs, and Groundcover:

		1. Provide the quantity, size, genus, species, and variety of trees and shrubs indicated on the plant list.  Grade and sizing shall be in accordance with ANSI Z60.1.

		2. Nomenclature (names of plants) shall be in accordance with Hortus Third.

		3. Quality and size:

		a. Nursery-grown, with the habit of growth normal for the species.

		b. Sound, healthy, vigorous, and free from insects, disease, and injury.

		c. Equal to or exceeding the measurements specified in the plant list.

		d. The root system of container-grown plants shall be well developed and well distributed throughout the container such that roots visibly extend to the inside face of the container.

		e. Pruning shall only occur upon approval of the ENGINEER.

		f. Size, canes, and spread in accordance with ANSI Z60.1 for the kind and type of plants required.

		g. B&B plants shall have a firm, intact ball of earth encompassing enough of the fibrous and feeding root system to enable full plant recovery.

		h. Meet the minimum spread height to ball requirements in accordance with ANSI Z60.1.

		i. Container-grown plants shall be self-established root systems sufficient to hold earth together after removal from the container.

		j. Stock shall be grown in delivery containers for 6 months to 2 years.



		4. Label each tree and shrub of a variety with a securely attached waterproof tag bearing the legible designation of the botanical and common names.



		B. Guying, Staking, and Wrapping:

		1. Steel T-posts:  Length as required.

		2. Guy wires:  12 gauge galvanized steel.

		3. Anchors:  As required.

		4. Tree tie strap:  Nylon strap with grommets.

		5. Tree wrapping material:  Approved paper tree wrap.

		6. Burlap:  Of first quality, a minimum 8 ounces in weight and between 6-inches and 10-inches in width.



		C. Planting Soil – Volumetric Mix:  1/2 excavated pit soil with 1/2 approved compost as specified in SECTION 32 91 00.

		D. Fertilizer:  Complete, granular, timed release, 18% N-7% P-10% K.





		PART 3 EXECUTION

		3.1 general

		A. Protect existing on-site materials above and below grade.  Locates for buried utilities and structures are required before excavation.  Temporary fencing shall be used to protect plant material in vulnerable locations.  Repair damage caused by the ...



		3.2 preparation

		A. Locate new plantings by staking positions as shown on the Drawings.

		B. Planting, except ground cover, shall not be located within 18 inches of pavements, pedestrian pathways, and structures.

		C. Notify the ENGINEER in writing if utility, drainage, or irrigation lines prohibit exact placement.  Adjust as required.

		D. Planting Soil:  Delay the mixing of amendments and fertilizer if planting will not follow within 2 days.  For pit backfill, mix compost with excavated soil at the required rate as specified in this Section and backfill immediately upon placement.

		E. Plants:  Place on undisturbed existing soil or well-compacted backfill.

		F. Trees and Shrubs:

		1. Pits, beds, and trenches:  Excavate with vertical and scarified sides.

		2. B&B trees:  16-inches plus root ball width, as shown on the Drawings.

		3. B&B shrubs:  12-inches plus root ball width, as shown on the Drawings.

		4. Container-grown stock:  Excavate as specified for B&B shrubs; adjust for size of container width and depth.

		5. Compact planting soil in the bottom of the pit before placing plant material.



		G. Planting:

		1. Plant trees before planting surrounding shrubs and ground covers.  Adjust plants with the most desirable side facing toward the prominent view (e.g., sidewalk, building, or street).

		2. B&B plants:  Place in the pit by lifting and carrying by the ball; do not lift the plant by its branches or trunk; remove plastic or wire basket in its entirety from the root ball; set straight and in the pit center with the top of the root ball 2 ...

		3. Container-grown plants:  Remove containers and slash the edges of root balls from top to bottom at least one inch deep.  For one gallon and 5 gallon containers, keep the top of the plant 1/2 inch above finish grade; larger containers shall be plant...



		H. Backfilling:  Use planting soil mix for B&B plants:

		1. Partially backfill the pit to support the plant; remove burlap and binding from the sides and tops; do not pull burlap from under the balls.

		2. Compact in 6-inch lifts and when excavation is approximately 2/3 full, water thoroughly before placing the remainder of the backfill to eliminate air pockets.

		3. Finish backfilling the pit sides.

		4. The top of the root ball shall not be covered with soil; form a saucer above existing grade completely around the outer rim of the plant pit.



		I. Guying, Staking, and Wrapping:

		1. Support trees immediately after planting to maintain plumb position.

		2. Support deciduous trees over one-inch in caliper and upright evergreen trees with 3 guys equally spaced.  Wires shall be tightened firmly.

		3. Install tree wrap between October 1 and May 1, then remove wrapping.

		4. Begin wrapping at the bottom of the trunk and spiral upwards to the first set of branches; fasten securely with staple or tape.



		J. Fertilizer:

		1. Spread timed release fertilizer on the soil around the base of trees, shrubs, and perennials.

		2. The rate of application shall be in accordance with the Manufacturer’s recommendation.



		K. Pruning and Repair:  After planting, prune in accordance with standard horticultural practice to preserve the natural character of the plant with the approval of the ENGINEER.  Remove dead wood, suckers, and broken or badly bruised branches.  Use c...

		L. Pest and Weed Control:  Integrated pest and weed management practices shall apply.  Submit pesticide/herbicide applications in writing to the ENGINEER for approval prior to use conforming to the OWNER’s water quality approved chemicals list.







		32 94 00 - Planting Accessories

		PART 1 GENERAL

		1.1 summary

		A. Section includes general information, products, and execution for planting accessories.



		1.2 SUBMITTALS

		A. Product Data:  Labels and data sheets.

		B. Samples:  Representative of specified material.

		C. Quality Control Submittals:  Products Supplier list.



		1.3 DELIVERY, STORAGE, AND HANDLING

		A. Deliver materials to the site in the Manufacturer's original, unopened containers and packaging with labels clearly identifying the product name and the Manufacturer.

		B. Store materials in a clean, dry area protected from weather in accordance with the Manufacturer's instructions.

		C. Protect materials during handling and installation to prevent damage.





		PART 2 PRODUCTS

		2.1 approved manufactures

		A. Steel Edging:

		1. Dura-Edge

		2. No substitutes





		2.2 materials

		A. Landscape Fabric:

		1. Fabric:  Fuzzy surface on one side.

		2. Material:  Black woven PP.

		3. Fabric weight:  4.7 oz/sy.

		4. Thickness:  28 mils.

		5. Burst:  275 psi.

		6. UV resistance:  70%.



		B. Steel Edging:

		1. Brown powder-coated steel, 12 gauge:  4-inch by 10-foot sections with stake slots.

		2. Steel stakes:  4 per piece.



		C. Ornamental Boulders:

		1. Utilize Colorado moss rock or granite boulders as shown on the Drawings.

		2. Boulders shall be the approximate length and width shown on the Drawings allowing a minimum of 2 feet of visible height after being set.







		PART 3 EXECUTION

		3.1 installation

		A. Landscape Fabric:

		1. Install material fuzzy side up.

		2. Fabric shall follow the contours of the area being covered; keep taut and pin.

		3. Planting soil shall not be allowed to contaminate the mulch on top of the landscape fabric.

		4. Fabric shall be cut to the outside perimeter of plant watering saucers.



		B. Steel Edging:

		1. The top of the mulch, the edging, and the finish grades shall be flush.

		2. Install in a smooth continuous line without bends or kinks.

		3. Anchor at slotted points, 4 per piece, and lock sections together.



		C. Ornamental Boulders:

		1. Consult with the ENGINEER for the orientation of boulders before placement.

		2. Excavate a 6-inch to 8-inch deep cut slightly larger than the boulder.  Ease boulders into place with the correct orientation; do not drop the boulder from a bucket and attempt to correct by rolling or spinning.

		3. Backfill and compact around the boulder to the grades shown on the Drawings.
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		32 80 00 - Irrigation Systems

		PART 1 GENERAL

		1.1 summary

		A. Section includes general information, products, and execution for irrigation systems.

		B. Related Sections:

		1. SECTION 31 23 24 – TRENCH BACKFILL





		1.2 REFERENCES

		A. ASTM International (ASTM):

		1. A 536 – Standard Specification for Ductile Iron Castings

		2. B 62 – Standard Specification for Composition Bronze or Ounce Metal Castings

		3. B 584 – Standard Specification for Copper Alloy Sand Castings for General Applications

		4. C 33 – Standard Specification for Concrete Aggregates.

		5. D 256 – Standard Test Methods for Determining the Izod Pendulum Impact Resistance of Plastics

		6. D 638 – Standard Test Method for Tensile Properties of Plastics

		7. D 648 – Standard Test Method for Deflection Temperature of Plastics Under Flexural Load in the Edgewise Position

		8. D 698 – Standard Test Methods for Laboratory Compaction Characteristics of Soil Using Standard Effort (12,400 ft-lbf/ft3 (600 kN-m/m3))

		9. D 790 – Standard Test Methods for Flexural Properties of Unreinforced and Reinforced Plastics and Electrical Insulating Materials

		10. D 792 – Standard Test Methods for Density and Specific Gravity (Relative Density) of Plastics by Displacement

		11. D 1784 – Standard Specification for Rigid Poly(Vinyl Chloride) (PVC) Compounds and Chlorinated Poly(Vinyl Chloride) (CPVC) Compounds

		12. D 2239 – Standard Specification for Polyethylene (PE) Plastic Pipe (SIDR-PR) Based on Controlled Inside Diameter

		13. D 2241 – Standard Specification for Poly(Vinyl Chloride) (PVC) Pressure-Rated Pipe (SDR Series)

		14. D 2464 – Standard Specification for Threaded Poly(Vinyl Chloride) (PVC) Plastic Pipe Fittings, Schedule 80

		15. D 2466 – Standard Specification for Poly(Vinyl Chloride) (PVC) Plastic Pipe Fittings, Schedule 40.

		16. D 2467 – Standard Specification for Poly(Vinyl Chloride) (PVC) Plastic Pipe Fittings, Schedule 80

		17. D 2564 – Standard Specification for Solvent Cements for Poly(Vinyl Chloride) (PVC) Plastic Piping Systems

		18. F 477 – Standard Specification for Elastomeric Seals (Gaskets) for Joining Plastic Pipe



		B. Colorado Department of Transportation (CDOT):

		1. Standard Specifications for Road and Bridge Construction



		C. Denver Water (DW):

		1. Engineering Standards, MS-16 – Magnetic Drive Displacement Type Water Meters 5/8 Through 2-Inch

		2. Engineering Standards, MS-18 – Magnetic Drive Turbine Type Water Meters 1 1/2 Through 16-Inch

		3. Engineering Standards, Sheet 61 – Outside Setting for 3” & Larger Reduced Pressure Principle Assembly N-Type, Above Ground

		4. Engineering Standards, Sheet 69 – Irrigation Outside Setting for 2” & Smaller Reduced Pressure Principle Assembly in Enclosure



		D. Manufacturers Standardization Society (MSS):

		1. SP-80 – Bronze Gate, Globe, Angle, and Check Valves



		E. National Fire Protection Association (NFPA):

		1. 70 – National Electrical Code (NEC)



		F. NSF International/American National Standards Institute (NSF/ANSI):

		1. 61 – Drinking Water System Components – Health Effects





		1.3 SUBMITTALS

		A. Product Data:  Include information on the meter, backflow preventer, controller, valves, flow sensor, pipes, and pipe fittings.

		B. Quality Control Submittals:  Qualifications of the systems Manufacturer and the systems installer.

		C. Warranty Documentation:

		1. Sample warranty.

		2. Warranty





		1.4 MATERIAL Submittals

		A. Provide, tag, and box the following special tools for shipment and storage:



		1.5 Quality Assurance

		A. Qualifications:

		1. CONTRACTOR:  Coordinate installation with other trades on the Work.

		2. Systems Supplier:  Regularly engaged in the distribution of irrigation systems.

		3. Systems Installer Qualifications:

		a. A minimum of 5 years of documented experience in the Work of this Section.

		b. Approved by the Manufacturer.



		4. Field superintendent:  On-site daily; provide at least one Maxicom certified installer during the installation of Maxicom related equipment.





		1.6 warranty

		A. Warranty for one year from the Substantial Completion date for the satisfactory performance and installation of the irrigation system and associated appurtenances.





		PART 2 PRODUCTS

		2.1 approved manufacturers

		A. Meters:

		1. Type A, 3-inches or larger:  In accordance with DW Engineering Standard MS-18

		2. Type B:  2-inches or smaller:  In accordance with DW Engineering Standard MS-16

		3. Reduced pressure backflow assemblies:

		a. Type A:  In accordance with DW Engineering Standards Sheet 61

		b. Type B:  In accordance with DW Engineering Standards Sheet 69





		B. Valves:

		1. Master valve:  Superior, 3200

		2. Isolation valves:

		a. Type A, Matco, 10RT

		b. Type B, Matco, 513



		3. Drain valves:  Matco, 513

		4. Drain Check Valves: Rain Bird, Seal-A-Matic (SAM)

		5. Quick-coupling valves:  Rain Bird, 44-RC

		6. Angle valve:  Buckner, VBM

		7. Ball valve:  Spears, PVC True Union

		8. Electric control valve:  Rain Bird PEB Series



		C. Dripline Filter:  Netafim Techfilter with Triflurex incorporated into the replaceable disk

		D. Pressure Regulator:  Netafim high flow series.

		1. Pipe:  Dripline – Netafim Techline CV

		E. Dripline Fittings:  Netafim 17mm

		F. Flow Sensing:

		1. Flow sensor:  Rain Bird, FS

		2. Flow monitor:  Rain Bird, Model PT-3002 Flow Transmitter



		G. Controllers:

		1. Rain Bird Maxicom Central Controller:

		a. Rain Bird, ESP-SITE SAT:  Up to 40 station demand

		b. Rain Bird, ESP-SAT:  Over 40 station demand

		c. Rain Bird, CCU-6:  Over 40 station demand

		d. Flow monitor:  Rain Bird, PT 3002



		2. Rain Bird, ESP-LXD Modular Series Controller



		H. Valve and Utility Boxes:

		1. Cluster control valve box:  Carson, Brooks Plastics, Model 2436-18 (without quick-coupler) or Model 3636-18 (with quick-coupler)

		2. Single control valve box:  Carson, Brooks Plastics, Model 1324-15

		3. Isolation valve box:  Carson, Brooks Plastics, Model 910

		4. Drain valve box:  Carson, Brooks Plastics, Model 910

		5. Splice box:  Carson, Brooks Plastics, Model 1017-12



		I. Wire Splice:  3M, DBY direct-bury splice kit

		J. Solvent Primer:  Weld-On



		2.2 materials

		A. Meter:

		1. Wiring shall be compatible with Itron ERT meter reading and run from the conduit to the single gang box at a height of 7 feet on the outside of the building.

		2. As specified in DW’s Engineering Standards.



		B. Backflow Preventer:  The reduced pressure backflow assembly shall be approved by the Foundation for Cross-Connection Control and Hydraulic Research at the University of Southern California.

		C. Pipe Zone:  As specified in SECTION 31 23 24.

		D. Valve Box Base:  3/4-inch crushed rock, Standard Specifications for Road and Bridge Construction Size No. 7, free from dirt, clay balls, and organic material.

		E. Valves:

		1. Master valve:

		a. Normally closed.

		b. Brass body.

		c. EPDM rubber parts.

		d. 24 VAC solenoid.



		2. Isolation valve:

		a. Type A:

		1) 200 psi CWP.

		2) Full port flow.

		3) Epoxy-coated CI, internal and external.

		4) Vulcanized encapsulated resilient wedge.

		5) Serviceable in-line.

		6) Wrench nut, 2-inch.

		7) Replaceable disc.



		b. Type B:

		1) 200 psi WOG.

		2) Non-rising stem.

		3) Full port flow.

		4) Solid wedge.

		5) Cross handle.

		6) In accordance with MSS SP-80 and ASTM B 62.





		3. Drain valves:

		a. 200 psi WOG.

		b. Non-rising stem.

		c. Full port flow.

		d. Solid wedge.

		e. Cross handle.

		f. In accordance with MSS SP-80 and ASTM B 62.



		4. Quick-coupling valves:

		a. The valve shall be a 2-piece type, constructed of heavy duty cast brass in accordance with ASTM B 584, 81-3-7-9 type.

		b. Self-closing, yellow thermoplastic cover with an optional locking cover.

		c. Corrosion-resistant stainless steel spring.

		d. Operating range:  10 gpm to 125 gpm, 5 psi to 125 psi.

		e. The valve design shall be compatible with the valve coupler key and hose swivels.

		f. Hose swivel, Rain Bird SH-1:  One-inch female pipe thread by 3/4-inch male hose thread.

		g. Valve key, Rain Bird 44-K:  One-inch.



		5. Angle valve:

		a. Heavy duty cast brass.

		b. Cross handle.

		c. Incorporate a free-rotating seat disc assembly and a rising flow control stem to minimize pressure loss through the valve.

		d. The valve seat disc shall use replaceable seat washers.

		e. The flow control stem and seat disc assembly shall be removable from the valve body without removing the body from the pipeline.



		6. Ball valve:

		a. PVC Type 1 Cell Classification 12454-B.

		b. Valves shall have a double stop PP handle.

		c. Union nuts shall have buttress threads.

		d. Valve components shall be replaceable.

		e. Full Schedule 80 bore opening.

		f. The seal carrier shall stop flow in either direction.



		7. Electric control valve:

		a. Durable glass-filled nylon construction.

		b. The valve shall have internal and external manual open/close (internal and external bleed) for manually opening and closing the valve without electrically energizing the solenoid.

		c. The valve shall house a fully encapsulated one-piece solenoid.  The solenoid shall have a captured plunger with a removable retainer and a leverage handle.  The 24 VAC 50/60 Hz solenoid shall open with 19.6 VAC minimum at 200 psi.  At 24 VAC, avera...

		d. The valve’s construction shall provide for internal parts to be removable from the top of the valve without disturbance to the valve installation.





		F. Pressure Regulator:

		1. Plastic sealed unit, field replaceable.

		2. Built-in indicator pops out when proper outlet pressure is achieved.



		G. Pipe:

		1. Mainline, Type A:

		a. Class 200RT PVC, SDR 21 semi-rigid, Type I, in accordance with ASTM D 1784, ASTM D 2241, and NSF/ANSI 61.

		b. Class 200RT with molded in place gasket in accordance with ASTM D 2564.



		2. Mainline, Type B:  Class 200BE PVC, SDR 21 semi-rigid, Type I, in accordance with ASTM D 1784, ASTM D 2241, and NSF/ANSI 61.

		3. Lateral lines – PE pipe:  100 psi, NSF/ANSI 61, PE 3408, in accordance with ASTM D 2239.

		4. Dripline –17mm dripline, 0.9 GPH emitter flow rate, 12 inch emitter spacing.



		H. Fittings:

		1. Mainline fittings, Type A:  Ductile iron, Grade 65-45-12 in accordance with ASTM A 536.  Fittings shall be Harco Deep Bell and have deep bell push-on joints with gaskets meeting ASTM F 477.

		2. Mainline fittings, Type B:  PVC Type 1, Schedule 80, in accordance with ASTM D 1784, ASTM D 2464, and ASTM D 2467.

		3. Valve and lateral fittings:

		a. PVC Type 1, Schedule 40 in accordance with ASTM D 1784 and ASTM D 2466.

		b. PVC Type 1, Schedule 80 in accordance with ASTM D 1784, ASTM D 2464, and ASTM D 2467.



		4. Dripline fittings:  17mm, high pressure rated, UV-resistant, barbed fittings.



		I. Sleeves:

		1. Sidewalks:  Schedule 40 PVC, in accordance with ASTM D 1784, semi-rigid, Type I, ASTM D 2466.

		2. Roadways:  Schedule 80 PVC, Type 1, in accordance with ASTM D 1784, ASTM D2464, and ASTM D 2467.



		J. Flow Sensing:

		1. Flow sensor:

		a. In-line PVC tee sensor with a non-magnetic, spinning impeller.

		b. Electronics housing:  Glass-filled PPS.

		c. Shaft:  Tungsten carbide.

		d. Electrical connections:  2 single conductor #18 AWG leads.



		2. Flow monitor:

		a. Wall mount.

		b. 12 VAC/VDC to 24 VAC/VDC power supply.





		K. Control Wiring:

		1. Type:  #14 gauge solid AWG and UL/UF approved.

		2. Control wiring color:  Red.

		3. Common wires:  White.

		4. Spare control wires:  Yellow, those left in valve boxes shall be located at zone x-x and clearly identified by a marking tag at the controller.



		L. Controller:

		1. Rain Bird Maxicom central controller:

		a. The packaged system enclosure shall be stainless steel and factory assembled and tested.

		b. Flow monitor:  Power supply mounted in the assembly.

		c. Surge protection with removable inserts; protects up to 6 low voltage input devices.

		d. Site rain gauge pole-mounted assembly:  Tipping rain gauge with bracket, 12-foot galvanized steel pole, and a Rain Bird pulse decoder pre-wired to the terminal strip.

		e. Ethernet communication.

		f. Lightning protection through the installation of a grounding grid.

		g. Input required:  120 VAC ±10%, 60 Hz.



		2. Rain Bird ESP-LXD modular series controller:

		a. Sensor inputs: 4 (one wired plus up to 3 decoder-managed), with an override switch.

		b. LXMM metal wall mount case:  8, 12, or 16 station requirement.

		c. LXMM-PED metal pedestal:  20 or more station requirement.

		d. Input required:  120 VAC ±10%, 60 Hz.





		M. Valve and Utility Boxes:

		1. Box:  Thermoplastic construction in accordance with ASTM D 256, ASTM D 638, ASTM D 648, ASTM D 790, and ASTM D 792.

		2. Cover:  HDPE, T-cover.



		N. Sprinklers:

		1. Gear-driven rotor:  As shown on the Drawings.  Pop-up with radius and arc adjustments, stainless steel riser, and a SAM drain check valve.

		2. Spray head:  As shown on the Drawings.  Pop-up with UV-resistant plastic construction SAM and a PRS.



		O. Accessories:  Stainless steel worm-gear clamps with a 3/8-inch wide stainless steel hex head screw.





		PART 3 EXECUTION

		3.1 INSTALLATION

		A. Excavation and Backfill:

		1. Trenching and installation of the irrigation system shall not occur until finish grades are attained and the ENGINEER’s approval received.

		2. Excavation:

		a. Unclassified.

		b. Minimum depth:

		1) Mainline, from finish grade to top of pipe:  24 inches.

		2) Laterals, from finish grade to top of pipe:  18 inches.

		3) Wiring:  Constant side next to mainline.



		c. Width:

		1) Mainline:  Excavate with a minimum of 4 inches on the sides of piping.

		2) Laterals:  Excavate to the narrowest practicable width to perform connections.



		d. Bottom:  Reasonably true to grade and free of protruding stones, roots, and other undesirable material.  Uniformly slope to low points at a minimum of 3 inches per 100 feet.

		e. Avoid existing interference and utilities by adjusting the grade of the mainline.  Provide the necessary fittings and excavation to make the adjustment.



		3. Backfill:

		a. Pipe base material:  Place and firmly compact squeegee sand, 10% passing at 3/8-inch sieve, 3% passing at No. 200 sieve, in accordance with ASTM C 33, to 3 inches in depth to provide a uniform, solid foundation for mainline pipe.  Maintain 3 inches...

		b. Place backfill in layers that do not exceed 6-inches and thoroughly compact each layer up to finished grade.

		c. Install poly marker tape and tracer wire as shown on the Drawings.

		d. Settling that occurs during the warranty period shall be repaired at the CONTRACTOR’s expense, including damage to other items affected by settling.

		e. Remove excess material and debris from areas disturbed on-site.





		B. Gasketed Pipe:

		1. Cut the pipe squarely; bevel the plain end.  The bevel shall be 15 degrees and 3/4-inch long.  Measure the bell depth; mark the pipe for reference.  In cold weather, allow 1/2 inch clearance between the end of pipe and the bell stop for future pipe...

		2. Clean debris from the bell area of the fitting.  Seat the gasket completely in the groove and ensure there are no raised areas.

		3. Lubricate the gasket and the plain end of the pipe with lubricant supplied by the pipe Manufacturer.

		4. Align the pipe with the fitting; push together by hand with pry bars on the end of the fitting or with 2 pry bars using the lugs on the fitting.  Insert until the reference line mark is even with the edge of the fitting bell.



		C. Plastic Pipe:

		1. Plastic pipe shall not be installed when temperatures are below 40 F.

		2. Use the Manufacturer’s recommended sealant for threaded pipe connections.

		3. Lay the pipe on the prepared base and snake it from one side of trench to the other to provide for subsequent thermal expansion and contraction.

		4. After the successful completion of hydrostatic pressure testing and with the approval of the ENGINEER, begin backfill activities.

		5. Pipe installed under hardscapes (walks, curbs, pavement) shall be inside PVC sleeves.



		D. Solvent Weld Cement and Primers:  Use the type recommended by the Manufacturer of the pipe and the fittings:

		E. Thrust Blocking:

		1. Provide thrust blocks at changes in size or direction.  Bends, reducers, plugs, and the opposite side of tee branches require thrust blocks.

		2. The working pressure, the size and type of fitting, and the soil conditions on-site will determine the size of the thrust block.

		3. Calculate the total thrust by selecting thrust/100 by size and type of fitting from Table 1.  Multiply thrust/100 by system pressure and divide by 100.

		4. Divide the total thrust by the bearing capacity of the soil in excavation from Table 2 to determine the area in square feet of thrust block required to be in contact with undisturbed soil.  Soil type determined by the ENGINEER.



		F. Irrigation Line Clearances:

		1. Same trench:  Minimum 6 inch horizontal clearance.

		2. Crossing lines:  Minimum 2 inch vertical clearance.

		3. Other utilities:  Minimum 24 inch clearance in any direction.



		G. Sleeves:

		1. Utilize the following sleeve sizes unless otherwise noted on the Drawings:

		2. Depth of sleeve:

		a. Mainline:  24 inches from finish grade to top of pipe; extend 2 feet past hardscape.

		b. Laterals:  18 inches from finish grade to top of pipe; extend 2 feet past hardscape.



		3. Sleeved pipe shall be installed on a compacted or non-disturbed subgrade.

		4. Wrap ends with a 3 foot length of Typar type landscape fabric.  Duct tape landscape fabric to the sleeve.

		5. Install mainline, lateral pipe, and control wires if applicable.  Snug fabric around piping; duct tape to prevent backfill material from entering the sleeve.

		6. Backfill and compact as outlined for trench excavations.



		H. Valves and Valve Boxes:

		1. Control valves:  Install in a single or clustered configuration as shown on the Drawings; verify with the ENGINEER prior to installation.

		2. Isolation valves:  Install with brick foundation and gravel sump as shown on the Drawings.

		3. Valve boxes:  Install on brick foundations and gravel sump as shown on the Drawings.

		a. Lawn areas:  Set cover flush with finish grade.

		b. Mulched areas:  Set flush with the top of the mulch.





		I. Drain Valves:

		1. Pit excavation and preparation:

		a. Install valves on brick foundation with gravel sump as shown on the Drawings.

		b. Excavate 3 feet below the mainline.

		c. Excavate the pit diameter to contain a minimum of 3 cubic feet of crushed rock.

		d. Place Typar type landscape fabric into the hole, and install rock on top of fabric.  The installed rock shall be completely covered with fabric to prevent the infiltration of fines.



		2. Install as shown on the Drawings.



		J. System Drainage:

		1. Drain valves:  Locate at the points shown on the Drawings.

		2. Slope lines to ensure the entire system is effectively drained to the drain valves.



		K. Sprinklers:

		1. Sprinkler heads shall be adjusted vertically to be flush with finish grade.

		2. Install heads on double swing joint or swing pipe assemblies.  Use Teflon type pipe compound or the Manufacturers recommended compound for the threaded sprinkler connection.

		3. The angle of the swing joints relative to lateral lines shall be between 15 degrees and 45 degrees.

		4. Install with the spacing shown on the Drawings.  Vary the arrangement of heads to avoid trees, shrubs, and other obstacles with the approval of the ENGINEER.

		5. Locate a minimum of 2 inches from walkways, drives, paths, curbs, and paved areas.

		6. Tighten nozzles on pop-up spray heads after installation.  Adjust sprinklers for proper coverage and discharge rate.



		L. Wiring:

		1. Low-voltage:

		a. The installation of the wiring bundle shall be to one side and as close as possible to the mainline.

		b. Leave a 24-inch coil of wire in each valve box and make connections with 3M DBY splice connectors.

		c. The connection between the controller and the control valves shall be #14 UL/UF wire.

		d. Direct-bury splices shall not be permitted unless contained in a splice box.

		e. Control wire color:  Red.

		f. Common wire:  White.

		g. Spare wires:  Yellow.

		h. Ground wires at the controller:  Green.



		2. High-voltage:  Electrical wiring shall be installed in accordance with the Manufacturer’s instructions and NFPA 70.



		M. Controller:

		1. Packaged wall-mounted controller assembly:  Make the necessary connections to control wiring, electrical supply, grounding, rain can, and network lines.

		2. Install in accordance with the Manufacturer’s instructions.

		3. Verify controller assembly with the ENGINEER; grounding shall provide a resistance of 10 ohms or less.



		N. Flushing:  Flush the mainline before the installation of control valves; flush laterals before the installation of nozzles.



		3.2 quality control

		A. Testing and Inspection:

		1. The mainline to be tested shall be backfilled as specified prior to testing.

		2. Close angle and ball valves at control valve locations.

		3. Isolate the mainline from the backflow preventer.

		4. Testing shall be performed after the mainline is properly filled, flushed, and purged of air.

		5. The hydrostatic pressure test shall not be performed on solvent welded pipeline and pipe joints for a minimum of 2 days after installation.

		6. Test the mainline pipe to 1.25 times the maximum working pressure.  Typically test at 100 psi, measured at the highest point of the section being tested, for a period of 2 hours.  Allowable pressure drop shall be a maximum of 5 psi as determined by:

		a. Gasketed pipe:  L =   SD (square root of P)



		148,000

		b. Solvent weld pipe:  L = 0



		7. Test lateral lines by zone under normal operating pressure until approved by the ENGINEER.

		8. Remove and replace defective piping; perform testing until pressure supply pipes are watertight.

		9. Adhere to the Manufacturer’s instructions.  Central control operation and grounding specifications shall be approved by the Manufacturer’s services technician and the ENGINEER before acceptance of the system.



		B. System Balancing:  Adjust flow controls and pressure reducing valves to the required sprinkler head pressure; adjust heads for alignment and coverage.  The approval of the ENGINEER is required prior to planting.
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SECTION 33 01 10 
ABANDONMENT OF EXISTING WATERLINES 


PART 1 GENERAL 
1.1 SUMMARY 


A. Section includes general information, products, and execution for the abandonment of existing waterlines. 
1.2 SUBMITTALS 


A. Product Data:  Specification and data sheets, including set times and strength characteristics for abandonment grout 
material. 


B. Special Procedure Submittals: 
1. Sequence and length of the waterlines to be abandoned. 
2. Methods and materials to isolate the waterlines to be abandoned. 
3. Means and method to demonstrate that the abandoned waterlines are filled with abandonment grout material. 
4. Grout volumes used. 


PART 2 PRODUCTS 
2.1 APPROVED MANUFACTURERS 


A. Low Density Cellular Concrete: 
1. Mearlcrete 


2.2 MATERIALS 
A. Abandonment Grout Material: 


1. Flowing characteristics that will fill, with no space at the crown for the defined limits, the waterline to be 
abandoned. 


2. Initial set time of less than one day. 
3. Compressive strength, 28 day:  100 psi, minimum. 
4. Shrinkage shall not exceed 1% of the abandoned waterline diameter.  Does not cause damage to the 


surroundings while filling the waterline, while setting, or after setting. 
5. Cement and sand type mixture with good flowing characteristics, a low-density cellular concrete, or a fly ash 


based mixture. 
PART 3 EXECUTION 
3.1 RESTORATION  


A. Promptly repair damage caused to adjacent facilities by the abandonment operation as directed by the ENGINEER 
and at no cost to the OWNER. 


B. Remove debris resulting from the abandonment operation.  Upon the Substantial Completion date, remove materials, 
equipment, waste, and debris of every sort and leave the site clean and orderly. 


C. Restore the surface area to a condition compatible with the adjacent areas and in accordance with the Contract 
Documents. 


D. Abandonment of Pipelines: 
1. Complete new waterline Work including the installation, testing, and transfer of services before beginning 


abandonment Work. 
2. Access the waterline through excavated access pits. 
3. Isolate the reaches to be abandoned by the installation of bulkheads; control and monitor the amount of 


abandonment grout or material installed. 
3.2 QUALITY CONTROL 


A. Provide test cylinders and testing to demonstrate the strength and set time for abandonment grout material. 
B. Additional testing may be provided by the OWNER. 
C. Site Safety: 


1. Execute the abandonment with means that will prevent damage and injury to adjacent structures and prevent 
interference with the use of and safe and free passage to and from adjacent areas or structures. 


2. The closing or obstructing of roadways, railways, sidewalks, or passageways adjacent to the Work by the 
abandonment operation is not permitted without the written permission of the ENGINEER.  Erect and maintain 
barriers and lights around the work area, as required.  Provide alternate routes around closed or obstructed traffic 
ways. 


END OF SECTION 
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SECTION 33 05 13 
PRECAST MANHOLES AND STRUCTURES 


PART 1 GENERAL 
1.1 SUMMARY 


A. Section includes general information, products, and execution for precast manholes and structures. 
1.2 REFERENCES  


A. American Association of State Highway and Transportation Officials (AASHTO): 
1. Standard Specifications for Highway Bridges 


B. American Concrete Institute (ACI): 
1. 318 – Building Code Requirements for Structural Concrete and Commentary 
2. 350 – Code Requirements for Environmental Engineering Concrete Structures and Commentary 


C. ASTM International (ASTM): 
1. A 48 – Standard Specification for Gray Iron Castings 
2. A 536 – Standard Specification for Ductile Iron Castings 
3. C 150 – Standard Specification for Portland Cement 
4. C 478 – Standard Specification for Precast Reinforced Concrete Manhole Sections 
5. C 497 – Standard Test Methods for Concrete Pipe, Manhole Sections, or Tile 
6. C 990 – Standard Specification for Joints for Concrete Pipe, Manholes, and Precast Box Sections Using 


Preformed Flexible Joint Sealants 
D. Denver Water (DW): 


1. Engineering Standards, MS-33 – Manhole Rings, Covers, and Risers 
1.3 SUBMITTALS 


A. Concrete mix design, base sections, riser sections, eccentric and concentric conical top sections, flat slab tops, 
subdecks, manhole platforms, grade rings, manhole frame and cover, sectional plans and elevations showing 
dimensions and reinforcing steel placement, lifting inserts, and joint; include the Manufacturer’s certification of 
compliance with this Section. 


B. Structural design calculations and drawings that are prepared, stamped, and signed by a Professional Engineer 
registered in the State of Colorado. 


C. Pipe connections to the manholes. 
D. Manhole steps including the method of installation and the Manufacturer’s certification of compliance with the pull-out 


resistance test as specified in this Section. 
E. The repair method for minor damage to precast concrete sections. 
F. Concrete test cylinder reports from an independent testing laboratory certifying conformance with this Section. 
G. Joint sealant data sheets. 


1.4 QUALITY ASSURANCE 
A. Materials shall be new and unused. 
B. The quality of materials, manufacturing process, and finished sections are subject to inspection and approval by the 


OWNER and the ENGINEER.  Inspections may be made at the place of manufacture or at the Work site following 
delivery. 


C. The materials will be examined for compliance with ASTM specifications, the Contract Documents, and the approved 
Manufacturer’s drawings.  Additional inspection criteria may include appearance, dimensions, blisters, cracks, and 
soundness. 


D. The OWNER or the ENGINEER will reject materials for failure to meet any specification requirement.  Rejection may 
occur at the place of manufacture, at the Work site, or following installation.  Mark and identify rejected materials and 
immediately remove them from the Work site; replace rejected materials at the CONTRACTOR’s sole expense. 


E. Repair minor damage to precast concrete sections by Manufacturer-approved methods, if the repair is approved by 
the OWNER or the ENGINEER. 


PART 2 PRODUCTS 
2.1 APPROVED MANUFACTURERS 


A. Precast Concrete Manhole: 
1. Colorado Precast Concrete 
2. Copeland Precast, Inc. 
3. Oldcastle Precast, Inc. 
4. Firebaugh Precast 
5. Rinker Materials 


B. Precast Concrete Structures: 
1. Colorado Precast Concrete  
2. Copeland Precast, Inc. 
3. Oldcastle Precast, Inc. 
4. Firebaugh Precast 
5. Rinker Materials 


C. Manhole Frame and Cover:  In accordance with DW Engineering Standard MS-33 
D. Manhole Steps or Rungs:  M.A. Industries, No. PS2-PFS 
E. Preformed Flexible Joint Sealant: 


1. Hamilton-Kent, Kent Seal No. 2 
2. Henry Company, Ram-Nek 
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F. Pipe Penetrations: 
1. Waterplug 
2. Embeco 
3. Flexible sleeve:  Press-Seal, PSX Gasket 
4. Compression seal assembly:  Link-Seal 
5. Compression gasket:  A-LOK 


2.2 MATERIALS 
A. General: 


1. Reference to a Manufacturer’s name and model or catalog number is for the purpose of establishing the standard 
of quality and the general configuration desired. 


2. Like items of materials or equipment shall be the end products of one Manufacturer to provide a standardization of 
appearance, operation, maintenance, spare parts, and the Manufacturer’s service. 


3. Provide lifting lugs or holes in each precast section for proper handling. 
B. Precast Concrete Manhole Sections: 


1. Precast concrete riser sections, transition top sections, flat slab tops, and grade rings shall be in accordance with 
ASTM C 478 and the following requirements: 
a. Flat top covers shall be used where shown on the Drawings or where the manhole rim to the top of the pipe is 


8 feet or less. 
b. Tongue and groove joints for riser sections, transition top sections, and flat slab tops. 
c. Adjustable grading rings. Concrete. 3-inch, 4-inch, or 6-inch. 
d. Sections shall be cured by an approved method. 
e. Design criteria shall be as follows: 


1) Minimum AASHTO H-20 and HL-93 loading plus the earth load. 
2) Calculate the earth load with a unit weight of 130 pcf. 
3) Lateral soil pressure based on saturated soil producing 100 pcf/ft acting on an empty manhole. 
4) Internal fluid pressure based on a unit weight of 63 pcf with the manhole filled from invert to cover with no 


balancing external soil pressure. 
5) Dead load of manhole sections fully supported by the base and transition. 
6) Provide additional reinforcing steel in walls and slabs to transfer stresses and openings. 
7) The minimum clear distance between the edges of any 2 wall penetrations shall be 12 inches or 1/2 the 


diameter of the smaller penetration, whichever is greater. 
f. Mark the date of manufacture, the Manufacturer’s name, and the Manufacture’s trademark on the inside and 


outside of each precast section. 
g. Ship precast concrete sections after concrete has attained 3,000 psi compressive strength. 


C. Precast Concrete Structures: 
1. Precast reinforced concrete structures include vault structures with integral base and top slabs. 
2. Notify the OWNER and the ENGINEER in writing at least 5 days prior to placing concrete during the 


manufacturing process.  The OWNER or the ENGINEER may inspect the reinforcing steel placement prior to 
placing concrete. 


3. Design criteria: 
a. Precast concrete: 


1) Minimum compressive strength:  5,000 psi. 
2) Maximum water content:  6 gallons per 94 pound sack of cement. 
3) Minimum cement content:  Six 94 pound sacks of cement per cubic yard of concrete. 
4) Cement:  Type I or II portland cement in accordance with ASTM C 150. 


b. Manufactured products: 
1) In accordance with ACI 318 and ACI 350. 
2) Analyze walls and slabs using accepted engineering principals. 
3) When fy exceeds 40,000 psi fs shall not exceed 50% of fy. 
4) Design products to support their own weight, weight of soil at 130 pcf, and a live load equal to AASHTO 


HS-20 and AASHTO HL-93 applied to top slab. 
5) Cast base slab and walls together to form a monolithic base section. 
6) Design structure walls for a water pressure assuming groundwater level at ground surface; originate the 


pressure diagram at finished ground surface; include lateral pressure from vehicles in accordance with 
AASHTO Standard Specifications for Highway Bridges. 


7) Consider discontinuities in the structure produced by openings and joints; provide additional reinforcing 
around openings; frame openings to carry full design loads to support walls. 


8) Locate horizontal wall joints at an 18 inch minimum distance from the horizontal centerline of wall 
openings. 


9) Design the structure with a minimum number of joints; the maximum number of structure sections 
including the top slab shall be 4. 


10) Provide lifting hooks for the top slab. 
2.3 ACCESSORIES 


A. Manhole Frame and Cover: 
1. In accordance with DW Engineering Standard MS-33. 
2. Good quality, strong, tough, even grained CI, smooth, free from scale, lumps, blisters, sand holes, and defects of 


any kind that render the product unsuitable for the service for which it is intended; machined to a true surface; 
thoroughly cleaned castings and subject to hammer inspection. 
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3. Ring:  CI in accordance with ASTM A 48, Class 35B or better. 
4. Cover:  Ductile iron, in accordance with ASTM A 536, Grade 60-40-18 or better. 
5. Designed for AASHTO H-20 and AASHTO HL-93 loading. 
6. Nominal size:  24-inch diameter; cover shall weigh approximately 165 pounds; frame (ring) shall weigh 


approximately 240 pounds. 
7. The cover shall contain the OWNER’s name, Denver Water, in 1 1/2-inch high lettering that is centered and 


recessed on the exposed face. 
8. Stamped with the Manufacturer’s name and model identification. 
9. Recycled piping manhole lids: 


a. Coated with fusion-bonded epoxy, 20 mils minimum, Pantone 2577U in color. 
b. Lids shall be labeled Recycled Water. 


B. Manhole Steps or Rungs: 
1. Comprised of 1/2-inch grade 60 steel reinforcement rod encased in PP co-polymer plastic with a tread width of 14-


inches. 
2. Furnish horizontal and vertical load test results in accordance with ASTM C 478 and ASTM C 497. 


PART 3 EXECUTION 
3.1 ERECTION 


A. Jointing Precast Manhole Sections and Structures: 
1. Seal tongue and groove joints with preformed flexible joint sealant. 
2. Completed joint shall withstand 15 psi internal water pressure without leakage or the displacement of sealant. 
3. In accordance with ASTM C 990. 
4. Joint sealant: 


a. Packaged in extruded preformed rope shapes of proper size to completely fill the joint when completely 
compressed. 


b. Protected by a suitable, renewable 2-piece wrapper that may be removed as the material is applied to the 
joint without disturbing the other wrapper. 


3.2 INSTALLATION 
A. Pipe Penetrations: 


1. Perform pipe penetrations shown on the Drawings through the manhole or the vault sections in the following 
manner: 
a. Modular mechanical seal:  Integrally cast the sleeve in the precast manhole or the vault section or install the 


sleeve in a form or cored opening.  Install pipe through the sleeve.  Wrap the assembly around the pipe and 
connect the first and the last links.  Slide the assembly into the space between the pipe and the sleeve.  
Tighten bolts to expand the links of the assembly to create a gas and water tight seal.  The seal shall be rated 
at 20 psig hydrostatic pressure. 


b. Grout in place:  The precast manhole or the vault section shall have a formed, tapered circular opening larger 
than the outside diameter of the pipe.  Plastic pipe shall have a waterstop gasket secured to the pipe with a 
stainless steel clamp.  Grout shall be nonshrink and waterproof. 


c. Flexible sleeve:  Integrally cast the sleeve in the precast manhole or the vault section or install the sleeve in a 
form or cored opening.  Fasten pipe in the sleeve with stainless steel clamps.  Coat stainless steel clamps 
with bituminous material to protect from corrosion.  The flexible sleeve shall be tested and approved by the 
PVC pipe Manufacturer. 


d. Compression gasket:  Integrally cast the compression gasket in the precast manhole or the vault section.  
Insert pipe into the compression gasket.  Compression gaskets shall be tested and approved by the PVC 
pipe Manufacturer. 


B. Manhole and Structure: 
1. Transport and handle precast concrete sections in accordance with the Manufacturer’s instructions.  Use lifting 


devices where provided in the precast sections.  Follow the Manufacturer’s instructions for lifting procedures when 
lifting devices are not provided. 


2. Assemble and place buried precast concrete structures in properly excavated and compacted soil foundations.  
Set precast concrete structures to grade and oriented to provide the required dimensions and clearances from 
pipes and other structures. 


3. Prevent flotation, with ground water level at finished ground surface, by dead weight of the structure and soil load 
above the structure; do not consider the skin friction, the soil friction, or the weight of equipment in the structure.  
Protect Work from flooding. 


4. Place the manhole base on a bed of 12-inches of screened gravel.  Set the manhole base grade so that a 
maximum grade adjustment of 12 inches is required to bring the manhole frame and cover to the final grade. 


5. Use precast concrete grade rings and nonshrink mortar to adjust the manhole frame and the cover to the final 
grade. 


6. Set precast concrete barrel sections and structures plumb within 1/4 inches.  Seal the joints of precast barrel 
sections with preformed flexible joint sealant in a sufficient quantity to fill 75% of the joint cavity.  Fill the inside 
joint with nonshrink grout and finish flush with adjoining surfaces.  Caulk the inside of any leaking barrel section 
joint with nonshrink grout to the satisfaction of the ENGINEER. 


7. Where required, core holes in precast sections to accommodate pipes prior to setting manhole sections in place 
and prevent loosening of the joints. 


8. Plug holes in the concrete barrel sections that are required for handling with a nonshrink grout or nonshrink grout 
in combination with concrete plugs; finish flush on the inside. 


9. Allow joints to set for 12 hours before backfilling unless a shorter period is approved by the ENGINEER. 
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C. Manhole Step: 
1. Preform holes for manhole steps during casting of the riser and cone sections using tapered form pins specifically 


made for preforming manhole rungs. 
2. Drive manhole steps into preformed holes after concrete has developed a compressive strength of 3,000 psi. 
3. Alternatively, cast manhole steps into riser and cone sections when concrete is placed. 
4. Drilling holes for manhole steps may be used to accommodate field conditions when approved by the ENGINEER.  


Drill holes shall be of the diameter, spacing, and depth required by the manhole step Manufacturer. 
5. Install steps at 12 inches on centers vertically, not more than 1/2 inch out of plumb.  The top step shall be 


18 inches to 24 inches below the manhole cover. 
D. Manhole Frame and Cover: 


1. Utilize precast concrete extension collars to ensure that the frame and the cover are set to the finished grade.  
Concrete extension collars shall make up the riser section providing the riser section does not exceed 12 inches 
vertically.  Set the manhole frame and the cover to final grade prior to placement of permanent paving or final 
backfill. 


2. Extension collars shall be securely attached to the manhole riser section with a nonshrink grout bed and plastic 
joint sealing compound in the pavement or with a concrete collar in unpaved areas. 


E. Manhole Pipe Connections:  Connect pipe to manholes and structures with the connectors shown on the Drawings.  
Close or seal pipes for future connections with a gasketed watertight plug. 


3.3 QUALITY CONTROL 
A. Manhole and Structure Testing:  The ENGINEER will visually inspect manholes and structures for potential leaks 


before backfilling is allowed.  Seal joints to the satisfaction of the ENGINEER. 
3.4 CLEANING 


A. Clean new manholes of silt, debris, and foreign matter of any kind prior to final inspections. 
END OF SECTION 
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SECTION 33 05 15 
REINFORCED CONCRETE STORM DRAINAGE PIPE 


PART 1 GENERAL 
1.1 SUMMARY 


A. Section includes general information, products, and execution for reinforced concrete storm drainage pipe. 
1.2 REFERENCES  


A. ASTM International (ASTM): 
1. C 76 – Standard Specification for Reinforced Concrete Culvert, Storm Drain, and Sewer Pipe 
2. C 443 – Standard Specification for Joints for Concrete Pipe and Manholes, Using Rubber Gaskets 


1.3 SUBMITTALS 
A. Product Data:  The Manufacturer’s literature for gaskets and ancillary items. 
B. Shop Drawings: 


1. Dimensional drawings of pipe, joints, and fittings. 
2. A pipe laying diagram corresponding to dimensional drawings. 


C. Quality Control Submittals:  Materials list for concrete and reinforcing steel. 
1.4 DELIVERY, STORAGE, AND HANDLING 


A. Prevent damage to materials during loading, transportation, and unloading. 
PART 2 PRODUCTS 
2.1 MATERIALS 


A. Concrete Pipe:  In accordance with ASTM C 76, Class IV, Wall B, Type R-4 joint with O-ring gasket. 
B. O-ring gasket shall be in accordance with ASTM C 443. 


PART 3 EXECUTION 
3.1 INSTALLATION  


A. General: 
1. Install pipe to the elevation, grade, and locations shown on the Drawings. 
2. Inspect pipe before installation; correct defects.  Mark defective materials with black paint and promptly remove 


them from the site. 
3. Lay pipe beginning at the low point of the system, true to the grades and alignment shown on the Drawings, with 


unbroken continuity of invert. 
a. Place bells facing upstream. 
b. Lay pipe to slope gradients shown on the Drawings with maximum variation from true slope of 1/8 inch in 10 


feet. 
c. Install pipe and fittings in accordance with the Manufacturer's instructions; seal joints watertight. 


B. Cleaning Pipe: 
1. Clear the pipe interior of dirt and other debris as Work progresses. 
2. Place plugs in the ends of uncompleted pipe at the end of the day or whenever work stops for more than one 


hour. 
3.2 QUALITY CONTROL 


A. Interior Inspection: 
1. Inspect piping to determine if line displacement or other damage has occurred. 
2. Make inspections after the lines between manholes or manhole locations are installed and approximately 2 feet of 


backfill is in place.  Re-inspect 5 days prior to the Substantial Completion date. 
3. If the inspection indicates poor alignment, debris, displaced pipe, infiltration, or other defects, correct such defects 


and re-inspect. 
B. Testing: 


1. Hydrostatic test for gravity piping: 
a. Testing equipment accuracy:  ±1/2 gallon of water leakage under specified conditions. 
b. Maximum allowable leakage:  0.16 gallon per hour per inch of diameter per 100 feet. 
c. Gravity storm sewer piping:  Test with 15 feet of water including the highest horizontal vent in the filled piping.  


Where vertical drain and vent systems exceed 15 feet in height, test systems in 15 foot vertical sections as 
the piping is installed. 


d. Exfiltration test: 
1) Hydrostatic head:  No less than 6 feet above the inside top of the highest section of pipe in the test 


section. 
2) Length of pipe tested:  Limit length such that pressure on the invert of the lower end of the section does 


not exceed 30 feet of WC. 
e. Piping with the groundwater infiltration rate greater than the allowable leakage rate for hydrostatic testing will 


be considered defective even if the pipe previously passed a pressure test. 
f. Defective piping sections:  Replace or test and seal individual joints; retest until joint passes. 


END OF SECTION 
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SECTION 33 05 23.15 
HORIZONTAL DIRECTIONAL DRILLING 


PART 1 GENERAL 
1.1 SUMMARY 


A. Section includes general information, products, and execution for HDD. 
B. Related Sections: 


1. SECTION 33 11 15 – PVC PIPE FOR HORIZONTAL DIRECTIONAL DRILLING 
1.2 REFERENCES 


A. ASTM International (ASTM): 
1. A 519 – Standard Specification for Seamless Carbon and Alloy Steel Mechanical Tubing 


1.3 DEFINITIONS 
A. HDD:  A trenchless methodology of installing pipe that consists of 3 main steps: piloting (drilling of a pilot hole), 


reaming (pilot hole enlargement), and pullback (installation of the carrier pipe). 
1.4 SUBMITTALS 


A. Product Data:  The Manufacturer’s literature on drilling and mud system equipment, bentonite slurry, and guidance 
system. 


B. Shop Drawings: 
1. Pilot bore plan: 


a. Horizontal scale:  One inch = 20 feet. 
b. Vertical scale:  One inch = 2 feet. 
c. Existing utilities and proposed clearances. 
d. Deflection and radius of pilot bore. 
e. Bore entry/exit points and angles. 
f. Confirm the alignment and elevation of critical utilities by potholing, using a vacuum excavator, or using other 


suitable excavation equipment. 
C. Quality Control Submittals: 


1. SDS of potentially hazardous substances to be used. 
2. Environmental protection and contingency plan for spilled material. 


D. As-Built Information: 
1. Daily drill log. 
2. As-Built profile of pipe bore on scaled drawing. 
3. Tabulations of the vertical and horizontal alignments of bore. 


1.5 QUALITY ASSURANCE: 
A. Qualifications: 


1. Drilling crew personnel shall have at least 2 years directional drilling experience with the rig and the guidance 
system being used. 


2. Guidance system operators shall have experience in its set-up, calibration, and use. 
PART 2 PRODUCTS 
2.1 MATERIALS 


A. Pipe:  As specified in SECTION 33 11 15. 
B. Tracer Wire: 


1. Using 2-inch wide PVC tape, attach #12 AWG solid copper with 0.03-inch blue PE insulation to pipe. 
2. Tracer wire shall be run to a test station.  The location of the test station shall be approved by the ENGINEER. 


C. Drilling Equipment: 
1. General requirements: 


a. Sufficient capacity to perform the bore and pullback the pipe. 
b. Good working order. 
c. The supplies, facilities, equipment, and materials to perform Work. 


2. Drill rig: 
a. Hydraulic powered system. 
b. Shall rotate and push hollow drilling pipe into the ground at a variable angle while delivering a pressurized 


fluid mixture to a guidable drill head. 
c. Anchored to withstand the pulling, pushing, and rotating pressure required to complete installation. 
d. Self-contained with sufficient pressure and volume to power the drilling operations. 
e. Leakage free. 
f. Monitors and records maximum pullback pressure during pullback operations. 
g. Detects electrical current from the drill string with an automatic, audible alarm. 


3. Drill head:  Steerable; containing cutting surfaces and drilling fluid jets. 
4. Mud motors:  Adequate power to turn required drilling tools. 
5. Drill pipe: 


a. High-quality Material Grade 4130 seamless tubing, in accordance with ASTM A 519. 
b. Threaded box and pins. 
c. Tools joints hardened from 32 RC to 36 RC (Rockwell C scale). 


D. Guidance System: 
1. General: 


a. Provides a continuous location of the drill head during the drilling operation. 
b. Tracks at depths up to 50 feet in any soil condition. 
c. Enables the driller to guide the drill head by providing information on the tool face, azimuth, and inclination. 
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d. Accurate to within 2 feet horizontally. 
2. Guidance options: 


a. Electronic walkover tracking system. 
b. MGS probe. 
c. Proven gyroscopic probe and interface. 


E. Drilling Fluid System: 
1. Mixing system: 


a. Self-contained. 
b. Mixes fluid thoroughly to avoid clumping. 
c. Continually agitates fluid during drill operations. 
d. Minimum 1,000 gallon reservoir. 


2. Drilling fluid: 
a. Bentonite drilling mud. 
b. Recommended minimum viscosities for soil types as measured by a marsh funnel: 


 


Soil Type Time 
(Seconds) 


Rocky clay 60 
Hard clay 40 
Soft clay 45 
Sandy clay 90 
Stable sand 80 
Loose sand 110 
Wet sand 110 


 
3. Delivery system: 


a. Minimum capacity of 35 gpm to 500 gpm. 
b. Delivers the drilling fluid at a constant minimum pressure of 1,200 psi. 
c. In-line filters to prevent solids from being pumped into the drill pipe. 


4. Recovery system:  Pumps or vacuum truck(s) of sufficient size to convey drilling fluid from containment areas to 
storage and recycling facilities or for disposal. 


PART 3 EXECUTION 
3.1 GENERAL 


A. Superintendent shall be present at the jobsite during the directional bore operation. 
3.2 PREPARATION 


A. Calibration of Guidance System: 
1. Demonstrate to the ENGINEER that the system has been calibrated in accordance with the Manufacturer’s 


instructions. 
2. Obtain an accuracy range within one inch of actual position. 
3. Consider geo-magnetic anomalies and their influence on the operation of the system. 


B. Fluid Containment: 
1. Construct a minimum 12-inch high berm around the drilling fluid mixing system, entry and exit pits, and drilling 


fluid recycling system. 
2. Install holding tanks or pits to contain drilling fluids and loose cuttings for recycling or disposal. 
3. Prevent drilling fluids from entering unapproved areas and waterways. 
4. Properly dispose of drilling fluid. 


C. Drill Path Survey: 
1. Survey the entire drill path. 
2. Place entry and exit stakes in the appropriate locations. 
3. If using a MGS, the drill path shall be surveyed for surface geo-magnetic variations or anomalies. 


3.3 INSTALLATION 
A. Operation: 


1. General: 
a. Maintain proper alignment and elevation of the bore hole throughout the directional drilling operation. 
b. Conform to the requirements of applicable permits. 
c. Determine drilling length and equipment pull strength for the type of soil encountered. 
d. Notify the ENGINEER in writing when forward motion is stopped by obstructions. 


2. Pilot bore: 
a. Angle the entry hole so that curvature of the pilot bore does not exceed the Manufacturer’s allowable bend 


radius for PVC pipe. 
b. Monitor the horizontal and vertical drilling head location. 
c. Record the location of the drill head after the advancement of each successive drill pipe at a maximum of 


10 foot intervals. 
d. Provide the ENGINEER with a plot of drill head locations on a scaled drawing and tabulations of horizontal 


and vertical alignments. 
e. Do not allow the deflection radius of the drill pipe to exceed the Manufacturer’s bend limits of PVC pipe. 
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f. Tolerances for pilot hole: 
1) Vertical alignment:  ±0.5 feet. 
2) Horizontal alignment:  ±1.0 feet. 


g. Submit a copy of As-Built pilot bore records to the ENGINEER. 
h. The location of the pilot hole shall be approved by the ENGINEER prior to reaming. 


3. Bentonite slurry: 
a. Maintain bentonite slurry to stabilize the open bore hole and reduce drag on the pipeline.  Pump through the 


inside diameter of the drill rod and through openings in the reamer. 
b. Drilling slurry shall be in a homogeneous/flowable state serving as an agent to carry the loose cuttings to the 


surface through the annulus of the borehole. 
c. Calculate the volume of bentonite mud required for each pullback based on soil conditions, pipe diameter, 


mud pump capacity, and pullback speed. 
d. Contain bentonite slurry at the entry or exit side of the directional bore in pits or in holding tanks. 
e. Recycle slurry as practicable. 
f. Drill fluid loss: 


1) Cease drilling. 
2) Wait at least 30 minutes. 
3) Inject a quantity of drilling fluid with a viscosity exceeding 120 seconds, as measured by a marsh funnel. 
4) Wait another 30 minutes; determine if loss continues. 
5) If loss continues, discuss additional options with the ENGINEER; proceed accordingly. 


4. Pipe: 
a. Provide swivel to the reaming assembly/pull section of the pipe to minimize torsional stress. 
b. Protect the pull section of the pipe during pullback so it moves freely. 
c. Pull the detection wire along with the pipe (PVC pipe only). 
d. Allow the pull section of the pipe to extend past the termination point. 
e. Extend tracer wire into locator stations at each end of the pipe.  Tracer wire shall be adequately secured to 


the pipe prior to the pullback operation (PVC pipe only). 
f. Reaming: 


1) Increase the size of the pilot hole diameter with a reamer. 
2) Select the reamer based on soil conditions. 
3) Ream the final opening no larger than 1 1/2 times the outside diameter of the pipe being installed. 


5. Connections: 
a. Allow the pipe to reach the soil temperature. 
b. Make tie-ins one day or more after pipe pullback. 


3.4 RESTORATION 
A. Dispose of drilling mud and cuttings at an approved disposal site. 
B. Remove construction-related debris. 
C. Restore site to original grade. 
D. Backfill bore pits. 


END OF SECTION 
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SECTION 33 05 23.16 
UTILITY PIPE TUNNELS 


PART 1 GENERAL 
1.1 SUMMARY 


A. Section includes general information, products, and execution for utility pipe tunnels. 
B. Related Sections: 


1. SECTION 01 33 00 – SUBMITTAL PROCEDURES 
2. SECTION 05 05 26 – WELDING  
3. SECTION 31 23 19 – DEWATERING 
4. SECTION 31 23 24 – TRENCH BACKFILL 
5. SECTION 31 73 00 – TUNNEL GROUTING 


1.2 REFERENCES 
A. American Society of Mechanical Engineers (ASME): 


1. Pressure Vessel Code 
B. American Water Works Association (AWWA): 


1. C206 – Standard for Field Welding of Steel Water Pipe 
C. American Welding Society (AWS): 


1. D1.1 – Structural Welding Code – Steel 
D. ASTM  International (ASTM): 


1. A 123 – Standard Specification for Zinc (Hot-Dip Galvanized) Coatings on Iron and Steel Products 
2. A 139 – Standard Specification for Electric-Fusion (Arc)-Welded Steel Pipe (NPS 4 and Over) 
3. A 153 – Standard Specification for Zinc Coating (Hot-Dip) on Iron and Steel Hardware 
4. A 307 – Standard Specification for Carbon Steel Bolts, Studs, and Threaded Rod 60,000 PSI Tensile Strength 
5. D 638 – Standard Test Method for Tensile Properties of Plastics 
6. D 648 – Standard Test Method for Deflection Temperature of Plastics Under Flexural Load in the Edgewise 


Position 
7. D 790 – Standard Test Methods for Flexural Properties of Unreinforced and Reinforced Plastics and Electrical 


Insulating Materials 
1.3 DEFINITIONS: 


A. Carrier Pipe:  Pipe, inserted within casing pipe, which acts as a conveyor of liquid. 
B. Casing Pipe:  An outer sleeve, installed by trenchless or open-cut methods. 
C. Receiving Pit:  The pit located at the end of casing pipe, remote from the launching pit, at the point where carrier pipe 


emerges from casing pipe. 
D. Launching Pit:  The pit where tunneling equipment is installed, and where casing pipe and carrier pipe are launched. 


1.4 SUBMITTALS 
A. Product Data:  The Manufacturer’s literature on casing pipe, casing spacers, carrier pipe, casing end seals, and 


related appurtenances. 
B. Shop Drawings:  Casing pipe, liner plate, skid system casing spacers, carrier pipe, casing end seals, and related 


appurtenances. 
C. Quality Control Submittals: 


1. Submit a lay schedule showing stationing, elevation, casing pipe lengths, and wall thickness.  Submit proposed 
methods for steel casing pipe, including the CONTRACTOR’s proposed method for continuously monitoring the 
line and grade of casing pipe.  The proposed method shall provide the capability to control the line and grade of 
casing pipe during the operation to ensure the installation remains within the tolerances specified. 


2. Five recent references and similar casing installations of casing pipes 18-inches in diameter or greater with a 
minimum length of 100 feet.  Reference Submittals shall include detailed information on the types of soils 
encountered within the bore pit, the bore itself, and the specific boring equipment utilized; include a list of boring 
equipment and materials available for the Work. 


1.5 QUALITY ASSURANCE 
A. System Description:  The completed installation shall be suitable for transporting water without affecting the stability 


and integrity of the overlying roadway, railway, runway, or waterway. 
B. Steel casing pipe shall be the product of a single domestic Manufacturer; it shall be tested and inspected at the 


Manufacturer’s site as required by the manufactured material specifications.  Submit sworn certificates of tests, 
results, and satisfactory approvals as specified in SECTION 01 33 00. 


C. Pipe may be inspected by an independent laboratory selected by the OWNER; the Manufacturer’s cooperation is 
required.  The cost of any inspection of approved pipe requested by the OWNER will be borne by the OWNER.  The 
cost of inspection of any disapproved pipe shall be borne by the CONTRACTOR. 


D. Welders shall be certified in accordance with AWS.  Submit current certifications prior to the start of field work as 
specified in SECTION 05 05 26. 


E. Project Requirements: 
1. Discharge from dewatering operations shall be directed into approved receiving basins as specified in SECTION 


31 23 19. 
2. Provide maintenance of traffic; establish and maintain safety procedures in road, railway, and ditch right-of-ways 


during the operation. 
3. Inspect locations where operations are to be conducted and casing pipe is to be installed.  Verify conditions under 


which Work shall be performed.  Provide necessary details for the orderly installation of Work whether or not 
shown or specified in the Contract Documents.  Verify the number, type, and location of existing utilities prior to 
beginning Work. 
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4. Work nights and weekends, if required, to complete Work.  Request and obtain written authorization in 
accordance with the General Conditions prior to working nights and weekends. 


5. The method of installation used shall not result in measurable settlement, movement, or cracking of existing 
structures, buried facilities, irrigation channels, or adjacent roadways and railways.  If movement or settlement 
occurs that causes or may cause damage to these structures over, along, or adjacent to Work, operations shall 
stop immediately except for activities that assist in making Work secure.  Operations may resume only after 
necessary precautions are taken to prevent further movement, settlement, or damage. 


6. Existing structures, buried facilities, irrigation channels, railways, and roadways damaged by operations shall be 
repaired or replaced as necessary to restore them to a proper condition, at the CONTRACTOR’s expense. 


F. The use of a Manufacturer’s name and model or catalog number is for the purpose of establishing the standard of 
quality and general configuration desired. 


1.6 DELIVERY, STORAGE, AND HANDLING 
A. Care shall be taken in loading, transporting, and unloading to prevent damage to pipe or coatings.  Pipe shall not be 


dropped.  Repair any damage to pipe coatings. 
B. Pipe and materials shall be carefully handled to protect against damage to lining and coating and interior and exterior 


surfaces, impact shocks, and free fall.  Pipe handling equipment shall be acceptable to the ENGINEER.  Pipe shall not 
be placed directly on rough ground but shall be supported in a manner that protects it from damage.  Damaged pipe 
shall be repaired in a manner acceptable to the ENGINEER or new undamaged pipe shall be furnished and installed. 


C. Inspect each pipe to ensure there are no damaged portions.  Remove or smooth out burrs, gouges, weld splatter, or 
other small defects prior to laying. 


1.7 SITE CONDITIONS 
A. The anticipated geologic conditions are described in the GBR.  Methods may include, but are not limited to, tunnel 


boring machine, microtunneling, auger boring, or open face manual excavation. 
PART 2 PRODUCTS 
2.1 APPROVED MANUFACTURERS 


A. Casing Spacers (Skids) and Insulators: 
1. Advanced Products & Systems, Inc. 
2. CCI Pipeline Systems 
3. Pipeline Seal and Insulator, Inc. 


B. Casing Joints: 
1. Permlok Corporation, Permlok interlocking pipe system 


C. End Seals: 
1. Pipeline seal and Insulator Company, Model C 


2.2 MATERIALS 
A. Steel Casing Pipe: 


1. Steel casings shall be leak-proof and in accordance with ASTM A 139, Grade B.  Steel casing pipe shall have a 
minimum yield strength of 35,000 psi and shall be designed to withstand Cooper E-80 live loading with diesel 
impact. 


2. The inside diameter of casing pipe shall be large enough to allow carrier pipe to be installed with casing skids and 
joint restraint without disturbing casing pipe, adjacent subgrade, or adjacent facilities and structures. 


3. Casing pipe shall have the minimum nominal diameter and wall thickness shown on the Drawings and listed 
below: 


 
Casing Pipe Inside 
Diameter (Inches) 


Casing Pipe Wall 
Thickness (Inches) 


6 to 12 0.250 
16 to 20 0.312 
22 to 24 0.375 
26 to 28 0.437 
30 to 34 0.500 
36 to 38 0.562 
40 to 50 0.625 
52 to 58 0.750 
60 to 78 0.813 
84 to 90 0.875 


96 to 102 0.937 
108 to 114 1.000 


120 1.125 
 


4. Joints: 
a. Butt-welded. 
b. Permalok. 


5. Grout ports:  2-inch standard pipe IP threaded half couplings welded to the casing pipe, and fitted with threaded 
galvanized iron plugs. 


B. Casing Spacers (Skids) and Insulators: 
1. Band:  14 gauge hot-rolled and pickled mild steel coated with a 10 to 16 mil fusion-bonded PVC coating. 
2. Non-conductive PVC liner: 


a. Thickness:  0.090-inches minimum. 
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b. Hardness: Shore durometer A 85 to A 90. 
c. Dielectric strength:  60 kV minimum. 
d. Surge test, 1/8-inch:  58 kV minimum, step-by-step test. 
e. Water absorption:  1% maximum. 


3. Risers:  10 gauge steel MIG welded to band. 
4. Ultra-high molecular weight polymer glass-reinforced runners with high abrasion resistance and low coefficient of 


friction meeting the following properties: 
a. Tensile strength in accordance with ASTM D 638:  17,600 psi, minimum. 
b. Flexural strength in accordance with ASTM D 790:  25,300 psi, minimum. 
c. Compression strength in accordance with ASTM D 648, 10% deformation:  18,000 psi, minimum. 
d. Deflection temperature at 264 psi in accordance with ASTM D 648:  405°F. 


5. Studs, nuts, and washers: 
a. Studs:  5/16-inch, 18-inch by 2 1/2-inch 18-8 stainless steel. 
b. Hex nuts:  5/16-inch stainless steel. 
c. Washers:  5/16-inch SAE 2330 stainless steel. 


6. Width: 12-inch. 
C. End Closure:  Custom pull-on casing seals. 
D. Liner Plate: 


1. Plates:  Accurately curved to comply with tunnel cross-section and all dimensions of such size and accuracy so 
that plates of similar curvature will be interchangeable. 


2. Connections:  Bolts on both the longitudinal and circumferential joints.  Bolts and nuts shall not be less than 
5/8-inch diameter and in accordance with ASTM A 307, Grade A, and hot-dip galvanized in accordance with 
ASTM A 153. 


3. Zinc coating:  Minimum of 2 ounces per sf foot surface material on all sides in accordance with ASTM A 123. 
4. Grout ports:  2 standard pipe IP threaded half couplings welded into a hole in the center corrugation and fitted with 


threaded plugs.  Locate grout ports at a minimum of every 4 feet along pipeline alternating top of pipe and pipe 
springline. 


5. Loading:  Soil and HS-20 traffic loading or Cooper E-80 as applicable. 
PART 3 EXECUTION 
3.1 GENERAL 


A. Furnish labor, materials, equipment, and incidentals required to install casing pipe and carrier pipe at the locations 
shown on the Drawings. 


B. Work shall include, but not be limited to, steel casing pipe, liner plate, casing spacers, carrier pipe, casing seals, 
coatings, location markers, and miscellaneous appurtenances as required. 


C. Sending and receiving shaft shoring designs and liner plate designs, if liner plate is used, shall be prepared, stamped, 
and signed by a Professional Engineer registered in the State of Colorado. 


D. Provide special insurance, traffic control, flaggers, and any other requirements imposed by the owner of the right(s)-of-
way over Work. 


3.2 PREPARATION 
A. Subgrades shall be kept continuously free from ground and surface waters during casing and carrier pipe installation.  


Additional groundwater controls may be ordered on short notice; implement as directed.  Observed water levels prior 
to the Work shall be below the invert level of the jacking pits and pipe subgrade.  Groundwater control along and at 
the face of the tunneling operation shall include chemical grout stabilization as required. 


B. Earthwork operations including, but not limited to, trench excavation, pit excavation, pipe bedding, trench backfill, and 
compaction required for the installation of casing pipe shall be performed as specified in SECTION 31 23 24.  Pipe 
shall be laid directly on imported bedding material.  Blocking is not permitted.  The bedding shall form a continuous, 
solid bearing for the full length of the pipe.  Excavations shall be made as needed to facilitate the removal of handling 
devices after the pipe is laid.  Excavation shall be made outside the normal trench section, as needed and at field 
joints to permit adequate access to the joints for field welding operations. 


3.3 INSTALLATION 
A. Trenchless Methods: 


1. Excavate the launching pit; furnish excavation supports as required.  Excavation support shall extend a sufficient 
depth below the invert of the steel casing pipe to resist any pressure developed by the soil outside the launching 
pit. 


2. Provide a level concrete slab or level stable gravel surface at the bottom of the launching pit.  Steel rails or beams 
may be embedded in the concrete slab to aid in the placement and alignment of casing pipe or carrier pipe during 
installation operations. 


3. Furnish, install, and remove thrust blocks or similar features as may be required in driving casing pipe or carrier 
pipe forward. 


4. Pothole utility crossings in advance of the installation of casing pipe to determine their exact locations; verify there 
are no conflicts with the boring and jacking operation.  Damages and costs that may be realized by the failure to 
locate and protect utilities are the responsibility of the CONTRACTOR. 


5. Maintain proper alignment and elevation of the casing pipe consistently throughout the tunneling operation.  The 
proposed method shall provide the capability to control the line and grade of the casing pipe during the operation 
to ensure installation remains within the tolerances provided herein. 


6. Tolerances for the installation of casing pipe: 
a. Vertical alignment:  ±3 inches; select casing pipe diameter that is sufficiently large to compensate for off 


grade installation. 
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b. Horizontal alignment:  ±3 inches. 
7. Installation of the casing pipe shall be continuous; take precautions to avoid interruptions that may cause the pipe 


to freeze in place. 
8. Dewatering through the casing pipe during construction is not permitted. 
9. Steel casing pipe sections shall have one end square and one end beveled with a single v-groove and full 


penetration butt-welded on the outside of the casing.  Prior to butt-welding, the pipe and the pipe joint shall be 
properly positioned using line up clamps.  In the finished joint, the abutting pipe sections shall not be misaligned 
by more than 1/16 inch.  Welding procedures used to install casing pipe shall be prequalified in accordance with 
AWS D1.1 or Section IX of the ASME Pressure Vessel Code.  ASME certification is required for butt-welded 
joints.  Joints of steel casing shall be butt-welded prior to being subjected to the jacking operation. 


10. Jacking shall be performed in a manner that prevents voids from developing outside the jacking sleeve. A jacking 
shield shall be used to minimize the amount of voids produced during excavation in the forward end of the jacking 
sleeve.  If the jacking operation causes an excessive loss of soil, pressure grout the jacked section to fill external 
voids outside of the jacked casing. 


11. Install in such a manner as to ensure exterior voids are filled after completion.  Provide grout holes and fill voids 
with pressure grout as specified in SECTION 31 73 00. 


12. After casing pipe is installed, thoroughly clean its interior; remove excess material leaving a smooth interior 
throughout. 


13. The exit pit shall be excavated to the casing pipe.  Provide excavation support as required.  Provide sufficient 
room to continue installation of the carrier pipe. 


B. Open-Cut: 
1. Each pipe section shall be installed to the set line and grade, within approximately ±1/2 inch. 
2. After the casing pipe is properly positioned in the trench, the casing pipe shall be backfilled as specified in 


SECTION 31 23 24. 
3. Pipe shall not be installed upon a foundation penetrated by frost or at any time when there is a danger of ice 


formation or frost penetration at the bottom of the excavation.  Pipe shall not be laid unless the trench is 
scheduled to be backfilled before the formation of ice and frost. 


4. Dewatering through the casing pipe during construction is not permitted. 
5. After the casing pipe is completely installed, thoroughly clean its interior; remove excess material leaving a 


smooth interior throughout. 
6. Field weld joints in accordance with AWWA C206.  Adequate space shall be provided for welding and the 


inspection of joints. 
7. Prior to butt-welding, the pipe and the pipe joint shall be properly positioned in the trench using line up clamps.  In 


the finished joint, the abutting pipe sections shall not be misaligned by more than 1/16 inch.  Welding procedures 
used to install pipe shall be prequalified in accordance with AWS D1.1 or Section IX of the ASME Pressure Vessel 
Code.  ASME certification shall be required for butt-welded joints. 


8. Field butt-welds shall be inspected as soon as practicable after the welding of the field joint is complete.  Repair 
defective welds. 


C. Carrier Pipe: 
1. Support the carrier pipe within the casing pipe so that the pipe bells do not rest directly on the casing.  Distribute 


the load of the carrier pipe along the casing pipe by using the casing spacers. 
2. Install within the casing using the casing spacers.  Install from the jacking pit end of the casing.  Each joint within 


the casing pipe shall be of the restrained push-on type if ductile iron or PVC pipe is utilized, and thoroughly 
checked prior to being installed into the casing.  Steel pipe joints located within a steel casing shall be double 
welded lap or buttstrap joints as shown on the Drawings. 


3. For carrier pipe 24-inches and larger, fill the annular space between the tunnel and the carrier pipe with sand 
throughout the casing of tunnel. 


4. Install a rubber end closure seal after the carrier pipe is installed. 
3.4 RESTORATION 


A. Remove excavation support systems for jacking pits.  If withdrawal could damage or disturb the roadway, railroad, or 
ditch subgrade, leave supports in place and cut them off 36 inches below finished grade. 


B. Following the casing and pipe installation and backfill operations, restore the Work area to its original grade and 
condition.  Replace or construct miscellaneous small structures and fencing, if applicable, to match existing. 


C. Remove equipment, supplies, excess excavation materials, and miscellaneous items associated with the casing 
installation operation.  Leave the site in a clean and neat condition. 


D. If required by the right-of-way owner, coordinate and schedule a final inspection of the Work. 
END OF SECTION 
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SECTION 33 11 01 
PIPING – GENERAL 


PART 1 GENERAL 
1.1 SUMMARY 


A. Section includes general information, products, and execution for piping – general. 
B. Related Sections: 


1. SECTION 26 42 00 – COMMON WORK RESULTS FOR CATHODIC PROTECTION 
2. SECTION 26 42 16 – FLANGE ELECTRICAL ISOLATION AND JOINT CONTINUITY BONDING FOR 


CATHODICALLY PROTECTED METALLIC PIPING SYSTEMS AND BOLTED SLEEVE TYPE COUPLINGS 
3. SECTION 26 42 19 – PASSIVE CATHODIC PROTECTION FOR BURIED AND SUBMERGED PIPING, 


STRUCTURES, AND APPURTENANCES 
1.2 REFERENCES 


A. American Water Works Association (AWWA): 
1. C111 – Rubber Gasket Joints for Ductile-Iron Pressure Pipe and Fittings 
2. C200 – Steel Water Pipe, 6 In. (150 mm) and Larger 
3. C210 – Liquid Epoxy Coating Systems for the Interior and Exterior of Steel Water Pipelines 
4. C213 – Fusion-Bonded Epoxy Coating for the Interior and Exterior Steel Water Pipelines 
5. C219 – Bolted, Sleeve-Type Couplings for Plain-End Pipe 
6. C227 – Bolted, Split-Sleeve Restrained and Nonrestrained Couplings for Plain-End Pipe 


B. ASTM International (ASTM): 
1. A 193 – Standard Specification for Alloy-Steel and Stainless Steel Bolting for High Temperature or High Pressure 


Service and Other Special Purpose Applications 
2. A 194 – Standard Specification for Carbon and Alloy Steel Nuts for Bolts for High Pressure or High Temperature 


Service, or Both 
3. D 2000 – Standard Classification System for Rubber Products in Automotive Applications 
4. F 436 – Standard Specification for Hardened Steel Washers 


C. City and County of Denver Wastewater Management Division: 
1. Standard Detail S350 


D. Denver Water (DW): 
1. Engineering Standards, Chapter 11 – Recycled Water System 
2. Engineering Standards, Sheet 15 – Storm and Sanitary Sewer Crossing 


1.3 SUBMITTALS 
A. Shop Drawings: 


1. General: 
a. Pipe design information, including calculations and Drawings. 
b. Check, correct, and sign Shop Drawings and data prior to submission.  Unchecked submittals will be 


rejected. 
c. Indicate the Project name and the contract number. 
d. Pipe segment mark numbers. 
e. Laying schedule corresponding to mark number. 


2. Certified drawings of valves and appurtenances:  Provide certified dimensional drawings of valves, fittings, and 
appurtenances. 


1.4 QUALITY ASSURANCE 
A. Pipe Design Criteria:  The pipe, fittings, and specials shall be designed and manufactured to meet the strength 


requirements given and shall conform when laid with line and grades including outlets, connections, test bulkheads, 
and appurtenances as shown on the Drawings. 


B. Do not manufacture pipe until required Shop Drawings and design calculations have been approved by the 
ENGINEER.  No changes are permitted from the initial approved design unless unforeseen field conditions arise that 
make such changes necessary as determined by the ENGINEER. 


C. Pipe materials shall meet the requirements of DW’s Engineering Standards. 
D. Certifications: 


1. Provide certified test reports covering each material utilized in the Work sufficient to determine conformance with 
standard specifications for the particular pipe alternative including: 
a. Mill certification of analyses and tests of steel. 
b. Certified hydrostatic test reports. 
c. Certification of compliance of materials with applicable AWWA Standards, ASTM Specifications, and DW’s 


Engineering Standards. 
d. Certification of application of linings and coatings. 
e. Certification of rubber gaskets. 


2. Expenses incurred in making samples for certification of tests shall be borne by the Manufacturer. 
1.5 DELIVERY, STORAGE, AND HANDLING 


A. Handling: 
1. Pipes, fittings, and appurtenances shall be carefully handled and protected against damage to the lining and 


coating, impact shocks, and free fall as specified in this Section.  Pipe handling equipment shall be approved by 
the ENGINEER. 
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2. Inspect each pipe and fitting for damage.  Pipe damaged while in the custody of the CONTRACTOR shall be 
repaired or replaced, as determined by the ENGINEER, by the CONTRACTOR at no additional expense to the 
OWNER.  No pipe shall be installed where the coating or lining shows cracks that may be harmful as determined 
by the ENGINEER. 


3. Joint gaskets shall be stored in a cool location out of direct sunlight. 
4. Support stockpiled pipe on sand bags placed under the pipe.  Provide sand bags of sufficient size to prevent the 


pipe from contacting the ground or any obstruction and allow for the proper use of slings.  Securely cover pipe 
ends to prevent the entry of animals, water, dirt, mud, or any undesirable substance and prevent the drying out of 
the interior of the pipe. 


PART 2 PRODUCTS 
2.1 APPROVED MANUFACTURERS 


A. BSTC: 
1. Baker 
2. Dresser 
3. Rockwell 
4. Romac 


B. BSSTC: 
1. Victaulic 


2.2 ACCESSORIES 
A. Standard Pipe Joints: 


1. Standard pipe joints shall be suitable for at least 250 psi water service and, regardless of type, designed to be 
self-centering. 


2. Bells and spigots shall have a smooth, close sliding fit at the self-centering surface.  The joint shall be capable of 
symmetrical or asymmetrical joint closure and shall remain watertight under all conditions of water service. 


3. Joint assemblies shall be formed and accurately manufactured so that when the pipes are drawn together in the 
trench, they form a continuous watertight conduit with a smooth and uniform interior surface and provide for a 
slight movement of any pipe in the pipeline due to contraction, settlement, or lateral displacement. 


4. Maximum tolerances permitted in the construction of the joint shall be that stated in the pipe Manufacturer's 
design as approved; however, in no case shall the tolerances exceed those required in AWWA C111 and AWWA 
C200. 


5. If the CONTRACTOR proposes to use a joint which has not been approved by the ENGINEER on a previous 
project, provide a detail drawing of joints to be used, for approval, one week prior to the submittal of the Bid or 
Proposal.  The detail drawing shall show pertinent details, dimensions, and tolerances.  Joints may be furnished 
only by a Manufacturer who has furnished pipe with joints of similar design for comparable working pressure that 
have been in successful service for a period of at least 5 years.  Provide a list of installations on which a similar 
joint has been successfully used showing pipe diameter, wall thickness, and working pressure or field test 
pressure. 


6. Furnish joint materials, gaskets, and lubricants. 
B. Flanges: 


1. Flange details shall be submitted with the Shop Drawings. 
2. Bolt holes in flanges shall straddle field vertical centerline. 
3. Insulated flanges shall have bolt holes 1/4 inch diameter greater than the bolt diameter. 


C. Gaskets for Flanges:  1/8-inch ring type, Garlock No. 3200, compressed non-asbestos sheet packing, one-piece. 
D. Flange Bolts and Washers: 


1. All-threaded studs shall be in accordance with ASTM A 193, Grade B7 with heavy hex nuts in accordance with 
ASTM A 194, Grade 2H. 


2. Studs and bolts shall extend through the nut a minimum of 1/4-inch. 
3. Hardened steel washers shall be in accordance with ASTM F 436. 


E. BSTCs: 
1. Plain ends for use with couplings shall be prepared in accordance with AWWA C219 for a distance of 12 inches 


from the ends of the pipe, with outside diameter not more than 1/64 inch smaller than the nominal outside 
diameter of the pipe. 


2. The center sleeve shall be made of steel and fabricated and tested by cold expansion in accordance with 
AWWA C219 to meet minimum design pressure of 150 psi.  The weld of the center ring shall be air tested for 
porosity.  End rings and the center sleeve shall be coated in accordance with AWWA C210 or AWWA C213 with 
a minimum DFT of 12 mils. 


3. End rings shall be contoured milled steel and fabricated and tested by cold expansion in accordance with 
AWWA C219. 


4. Gaskets shall be rubber compound material that will not deteriorate from age or exposure to air under normal 
storage or use conditions and shall be immune to attack by impurities normally found in water.  Gaskets shall be 
in accordance with AWWA C219 and ASTM D 2000, except that the durometer hardness shall be 74±5, the 
minimum elongation shall be 175%, and the tensile strength shall be 1,000 psi. 


5. Bolts and nuts shall be in accordance with AWWA C219. 
6. Where insulating couplings are required, both ends of the coupling shall have a wedge-shaped gasket which 


assembles over an insulating compound rubber sleeve to obtain insulation of coupling metal parts from the pipe. 
F. BSSTC (Non-Restrained): 


1. Ends of pipe, including a distance from the end of the pipe to no less than the overall width of the coupling, shall 
be prepared in accordance with AWWA C227. 
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2. The body shall be fabricated from steel in accordance with AWWA C227 to meet a minimum design pressure of 
150 psi.  The interior and exterior of the body shall be coated in accordance with AWWA C210 or AWWA C213 
with a minimum DFT of 12 mils. 


3. Closure and sealing mechanisms shall be fabricated in accordance with AWWA C227. 
4. Gasket composition and physical requirements shall be in accordance with AWWA C227 and ASTM D 2000. 
5. Studs, nuts, and washers shall be in accordance with AWWA C227. 
6. BSSTC shall not be used when electrical isolation is required. 


G. Specials and Fittings for Access Manholes: 
1. Access manholes with covers shall be 20-inches in diameter for pipelines 42-inches in diameter and smaller and 


24-inches in diameter for pipelines greater than 42-inches in diameter. 
2. Access manholes, in addition to those shown on the Drawings that are needed by the CONTRACTOR to complete 


the installation of the pipe including the lining of joints, shall be provided at the CONTRACTOR’s expense. 
3. Additional manholes needed by the CONTRACTOR shall be provided with precast manholes for future access to 


the pipe. 
H. Protection of Pipe Lining:  The Manufacturer shall provide PE material or other suitable bulkheads on the ends of the 


pipe and on special openings to keep the pipe clean and prevent the drying out of the lining.  Bulkheads shall be 
substantial enough to remain intact during shipping and until the pipe is installed. 


I. Joint Restraint: 
1. Restrained joints shall be provided for the lengths shown on the Drawings for horizontal bends, line valves, and 


bulkheads. 
2. Joints that fall within 10 feet of vertical angle points that have a deflection greater than 6 degrees shall be 


restrained. 
J. Underground Utility Warning Tape for Recycled Pipe:  In accordance with DW Engineering Standards Chapter 11. 


PART 3 EXECUTION  
3.1 PREPARATION 


A. Remove or smooth out any burrs, gouges, weld splatter, or other small defects prior to laying pipe and fittings. 
B. Before the placement of pipe in the trench, each pipe or fitting shall be thoroughly cleaned, with special attention to 


the joint area.  The openings of pipes and fittings in the trench shall be closed during any interruption to the Work. 
3.2 INSTALLATION 


A. Existing Pipe: 
1. Anticipate the need to provide materials and Work effort to fit new pipe to existing pipe. 
2. Information provided on existing pipe, including inside and outside diameters, are design dimensions based on 


available data and may not represent exact diameters once pipe is exposed. 
3. Existing pipe may be found to be out of round once excavated. 


B. Pipe Laying: 
1. General: 


a. Pipe shall be laid directly on specified imported bedding material.  Blocking of the pipe is not permitted. 
b. Each section of pipe shall be laid in the order and position shown on the laying schedule. 
c. Bell holes shall be formed at the ends of the pipe to prevent point loading at the bells or couplings.  


Excavations shall be made as needed to facilitate the removal of slings after the pipe is laid. 
2. Pipe cleaning:  Keep the pipe interior free of debris. 
3. Frozen foundation:  No pipe shall be installed upon frozen material or when the ENGINEER determines there is a 


danger of the material freezing.  Do not lay pipe unless the trench will be backfilled before freezing occurs. 
4. Tolerance:  Pipe shall be laid to the set line and grade within approximately ±1 inch.  On grades of zero slope, the 


intent is to lay to grade. 
5. Raising or lowering pipe:  Where necessary to raise or lower pipe, the ENGINEER may change the alignment or 


the grades by the deflection of joints, by the use of bevel adapters, or by the use of additional fittings.  The 
deflection of the joint shall not exceed the maximum deflection recommended by the pipe MANUFACTURER.  No 
joint shall be deflected any amount which, in the opinion of the ENGINEER, will be detrimental to its strength and 
water tightness. 


6. Laying on grades:  Pipes shall generally be laid uphill on grades exceeding 10%.  Pipe which is laid on a downhill 
grade shall be blocked and held in place until sufficient support is furnished by the following pipe to prevent 
movement. 


7. Pipe protection: 
a. When pipe installation is not in progress, protect the ends of the installed pipeline and special openings with 


temporary, watertight fittings or appropriately sized pneumatic plugs designed for the type of joint and 
installed with Manufacturer guidelines. 


b. Clean temporary fittings and pneumatic plugs prior to installation. 
c. Protect installed capped and plugged pipe against buoyant forces by pipe bedding, backfill, or other 


temporary means. 
C. Valves: 


1. Operate each valve subsequent to installation to ensure proper operation. 
2. Valve stems shall be installed plumb and in the location shown on the Drawings. 
3. Buried valves shall be coated with wax tape in accordance with the Contract Documents. 
4. Adjustable supports shall be placed under buried valve flanges. 


D. Buried Flanged Joints: 
1. Flange faces shall be thoroughly cleaned of foreign material with a power wire brush. 
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2. Gaskets shall be centered and the connecting flanges drawn up watertight without unnecessarily stressing the 
flanges. 


3. Bolts shall be tightened in a progressive diametrically opposite sequence and torqued with a suitable, approved, 
and calibrated torque wrench. 


4. Clamping torque shall be applied to the nuts only. 
E. Insulated Joints: 


1. Insulated joints and appurtenant features shall be provided by the CONTRACTOR where shown on the Drawings. 
2. Prevent electrical conductivity across the joint with insulators. 
3. After assembly, an electrical resistance test will be performed by the ENGINEER.  Should the resistance test 


indicate a short circuit, remove the insulating units to inspect for damage.  Replace damaged portions and 
reassemble the insulating joint at no extra cost to the OWNER.  Retest the insulated joint to ensure proper 
insulation. 


F. Flexible Coupled Joints: 
1. General (BSTC and BSSTC): 


a. Connecting pipe ends, couplings, and gaskets shall be clean and free of dirt and foreign matter with special 
attention being given to the contact surfaces of the pipe, gaskets, and couplings.  The couplings shall be 
assembled and installed in conformance with the Manufacturer’s instructions. 


b. Wrenches used in bolting couplings shall be of a type and size recommended by the Manufacturer.  Coupling 
bolts shall be tightened to secure a uniform annular space between the follower rings and the body of the 
pipe with bolts tightened approximately the same amount.  Clamping torque shall be applied to the nut only. 


c. Upon completion of the coupled joint on metallic pipe, the coupling and bare metal of the pipe shall be 
cleaned, primed, and protected as specified in this Section. 


2. BSTC: 
a. Diametrically opposite bolts shall be tightened progressively and evenly.  Final tightening shall be done with a 


suitable, approved, and calibrated torque wrench set for the torque recommended by the coupling 
Manufacturer. 


b. For non-insulated mechanical couplings on metallic pipe, the middle ring and one follower ring shall be 
bonded for electrical conductivity to both ends of the connecting pipes. 


c. For insulated mechanical couplings, the middle ring and one follower ring shall be bonded to the connecting 
pipe end opposite the insulating rubber sleeve. 


G. Joint Bonding: 
1. Except where otherwise shown on the Drawings, joints shall be bonded for electrical conductivity in accordance 


with the Contract Documents.  The pipe shall be cleaned to bare bright metal at the point where the bond is 
installed. 


2. Damage to the pipe or pipe lining caused by the joint bonding shall be repaired at the CONTRACTOR’s expense. 
H. Cathodic Protection:  As specified in SECTION 26 42 00, SECTION 26 42 16, and SECTION 26 42 19. 
I. Underground Utility Warning Tape for Recycled Pipe:  Install 12 inches above non-potable water pipelines and 


appurtenances. 
J. Painting: 


1. General:  Metal exposed to the atmosphere or buried in the ground, except aluminum, brass, bronze, or copper 
shall be painted. 


2. Miscellaneous appurtenances: 
a. Black steel vent pipe that is to be buried shall be given 2 coats of cold-applied 1200 mastic manufactured by 


Protecto Wrap Company except for metal with shop-applied coating approved by the ENGINEER. 
b. Applicable metal exposed to the atmosphere shall be painted with one coat of synthetic red-lead priming 


paint and 2 coats of aluminum paint, unless otherwise directed by the ENGINEER. 
K. Sanitary Sewer Crossings: 


1. In accordance with DW Engineering Standards Sheet 15. 
2. Sanitary sewer crossings in the City and County of Denver shall be encased in accordance with Standard Detail 


S350. 
3. Sanitary sewer crossings outside of the City and County of Denver shall be encased in accordance with the 


applicable detail for the jurisdiction. 
L. Raising or Lowering Distribution Mains: 


1. As specified in this Section and DW’s Engineering Standards. 
2. Reuse of existing material is not allowed. 
3. Pipeline replacement material shall be of the same type as existing pipeline with the following exceptions: 


a. Use PVC or DI pipe and fittings for raising or lowering CI pipe. 
b. Use PVC pipe and DI fittings for raising or lowering asbestos-cement pipe. 


M. Water Service Lines:  Replace and repair in accordance with DW’s Engineering Standards. 
3.3 QUALITY CONTROL 


A. Hydrostatic Test of Water Pipes: 
1. Preparation: 


a. Pipe shall be cleaned of debris and foreign materials to the satisfaction of the ENGINEER. 
b. No hydrostatic test shall be made on any portion of the pipeline until field-placed concrete has cured for 


7 days. 
c. Testing shall not begin until field-placed linings have cured as recommended by the Manufacturer. 
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2. Testing responsibilities: 
a. The OWNER will furnish the water, pump, and calibrated meter for testing, operate the testing equipment, run 


the test, maintain the required test pressures, and blow off the pipeline after testing. 
b. The CONTRACTOR shall assist the OWNER with testing and investigate all possible leaks. 
c. Furnish labor, necessary bulkheads, and miscellaneous materials to facilitate the filling and testing of the 


pipelines. 
3. Test procedures: 


a. Pipe shall be tested at 150 psi as measured at the lowest point in the test section. 
b. The test will be made from appropriate taps alongside the pipeline and the gauge pressure read at this point. 
c. The pipeline will be filled by the OWNER at a rate which will not cause any surges or exceed the rate at which 


the air can be released through the air valves at a reasonable velocity.  The air within the pipe shall be 
properly purged. 


d. The test duration will be designated by the ENGINEER. 
e. The rate at which the pipeline is blown off shall be under the control of the OWNER. 


4. Allowable leakage rates:  The amount of leakage in all sections of the pipeline, including appurtenant parts, shall 
not exceed 10 gallons per inch of diameter per mile of pipe per day. 


5. Repair of leaks:  Locate and repair leaks or other defects which may develop under test.  Any section of the pipe 
which indicates defective material furnished by the OWNER shall be repaired by the CONTRACTOR at the 
expense of the OWNER.  Joints made in the field are the responsibility of the CONTRACTOR. 


B. Inspection of the Fabrication: 
1. No less than 14 days prior to the start of any phase of the pipe manufacture, notify the ENGINEER in writing of 


the manufacturing start date. 
2. During the manufacturing of the pipe, the ENGINEER shall be given access to all areas where it is in process and 


shall be permitted to make inspections necessary to confirm compliance with the Contract Documents. 
3. The manufacturing of the pipe will be inspected by the OWNER at the OWNER's expense. 


C. Materials Testing: 
1. Ensure that the required material tests are performed.  Coordinate the testing such that the ENGINEER may 


witness the tests, providing that the ENGINEER does not cause delays to the CONTRACTOR’s schedule. 
2. The ENGINEER may request samples of any material, including lining and coating samples, for testing by the 


OWNER.  Samples shall be furnished at no additional cost to the OWNER. 
D. CCTV Inspection: 


1. Employ the use of CCTV to record the quality of the interior of the pipe and ensure the pipe is clear of debris. 
2. If the video shows debris or damage, the CONTRACTOR is responsible for removing the debris and making 


repairs to the pipe. 
3. Potable pipelines:  Equipment that will be in contact with the pipe shall be steam cleaned, rinsed with a 220 ppm 


hypochlorite solution, and rinsed with tap water prior to insertion. 
4. The video shall become part of the OWNER’s records of the Work upon the Substantial Completion date. 


END OF SECTION 
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SECTION 33 11 01.01 
STEEL PIPING  


PART 1 GENERAL 
1.1 GENERAL 


A. Section includes general information, products, and execution for steel piping. 
B. Related Sections: 


1. SECTION 05 05 26 – WELDING 
2. SECTION 09 90 00 – PAINTING AND COATING 
3. SECTION 09 97 13 – TAPE COATINGS FOR THE EXTERIOR OF STEEL WATER PIPELINES 
4. SECTION 09 97 13.01 – POLYURETHANE LININGS AND COATINGS FOR THE INTERIOR AND EXTERIOR OF 


STEEL WATER PIPELINES AND FITTINGS 
5. SECTION 09 97 13.02 – EPOXY LININGS AND COATINGS FOR STEEL WATER PIPELINES AND FITTINGS 
6. SECTION 09 97 13.03 – CEMENT MORTAR LININGS AND COATINGS FOR STEEL WATER PIPELINES AND 


FITTINGS 
1.2 REFERENCES 


A. American Society of Mechanical Engineers (ASME): 
1. B 16.11 – Forged Fittings, Socket-Welding and Threaded 


B. American Water Works Association (AWWA): 
1. C200 – Steel Water Pipe - 6 Inch and Larger 
2. C206 – Standard for Field Welding of Steel Water Pipe 
3. C207 – Steel Pipe Flanges for Waterworks Service – Sizes 4 Inch Through 144 Inch 
4. C208 – Dimensions for Fabricated Steel Water Pipe Fittings 
5. Manual M11 – Steel Water Pipe:  A Guide for Design and Installation 


C. ASTM International (ASTM): 
1. A 36 – Standard Specification for Carbon Structural Steel 
2. A 139 – Standard Specification for Electric-Fusion (Arc)-Welded Steel Pipe (NPS 4 and Over) 
3. A 283 – Standard Specification for Low and Intermediate Tensile Strength Carbon Steel Plates 
4. A 572 – Standard Specification for High-Strength Low-Alloy Columbium-Vanadium Structural Steel 
5. A 1011 – Standard Specification for Steel, Sheet and Strip, Hot-Rolled, Carbon, Structural, High-Strength Low-


Alloy, High-Strength Low-Alloy with Improved Formability, and Ultra-High Strength 
6. A 1018 – Standard Specification for Steel, Sheet and Strip, Heavy-Thickness Coils, Hot-Rolled, Carbon, 


Commercial, Drawing, Structural, High-Strength Low-Alloy, High-Strength Low-Alloy with Improved Formability, 
and Ultra-High Strength 


D. National Association of Corrosion Engineers (NACE): 
1. SP0188 – Discontinuity (Holiday) Testing of New Protective Coatings on Conductive Substrates 


E. NSF International/American National Standards Institute (NSF/ANSI):  
1. 61 – Drinking Water System Components – Health Effects 


1.3 SUBMITTALS 
A. Shop Drawings: 


1. Joint and pipe wall construction details indicating the type and thickness of cylinder, manufacturing tolerances, 
and other pertinent information required for the manufacture of the product.  Joint details shall be submitted where 
deep bell or buttstrap joints are required for control of temperature stresses. 


2. Shop Drawings of fittings and specials such as elbows, wyes, tees, outlets, and nozzles or other specials where 
shown on the Drawings indicating the amount and position of reinforcement.  Fabricate fittings and specials as 
stipulated herein and in accordance with the Manufacturer's specifications and drawings as approved by the 
ENGINEER. 


3. Design calculations that comprise the complete stress analysis of each critical section of pipe wall, girth joints, 
harness system, specials, and openings sufficient to ascertain conformance of pipe and fittings with the Contract 
Documents. 


4. Material lists including all materials to be utilized.  Use of materials other than those permitted within the scope of 
the Contract Documents is prohibited. 


5. Line layout and marking diagrams indicating the specific number of each pipe and fitting and the location of each 
pipe and the direction of each fitting in the completed line.  In addition, the line layouts shall include: 
a. The station and top of pipe elevation at all changes in grade or horizontal alignment. 
b. The station and top of pipe elevation to which the bell end of each pipe will be laid. 
c. Elements of curves and bends in horizontal and vertical alignment. 
d. The limits of each reach of restrained or welded joints. 


1.4 QUALITY ASSURANCE 
A. Pipe Design Criteria:  The pipe diameter specified is the minimum finished inside diameter in inches after lining. 
B. General Requirements: 


1. Maximum laying length shall be 50 feet. 
2. Pipe shall be designed, manufactured, tested, inspected, and marked in accordance with AWWA C200 and as 


specified in this Section. 
3. Pipe shall be fabricated from coil in accordance with ASTM A 139 (Grade B or C) or ASTM A 1011 SS (Grades 36 


or 40) or ASTM A 1018 SS (Grades 36 or 40), from plate in accordance with ASTM A 36, ASTM A 283 (Grades C 
or D), ASTM A 572 (Grade 42).  Longitudinal and girth seams, whether straight or spiral, shall be butt-welded 
using an approved electric-fusion-weld process. 
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4. Steel used for the fabrication of pipe shall have a maximum carbon content of 0.25% and shall have a minimum 
elongation of 22% in a 2-inch gauge length. 


5. After the joint configuration is completed and prior to lining, each length of pipe of each diameter and pressure 
class shall be shop-tested and certified to a pressure of at least 75% of the specified yield strength of the pipe 
steel. 


C. Steel Cylinder Thickness: 
1. Cylinder thickness for internal pressure: 


a. For resistance to internal pressure, the thickness of the steel cylinder shall be determined using the following 
formula:  t = (PD/2)/(Y/S) 
Where: t = Steel Cylinder thickness in inches 
D = Outside diameter of steel cylinder in inches 
P = Working pressure in psi 
Y = Specified minimum yield point of steel in psi 
S = Safety factor of 2.0 


b. In no case shall the design stress (Y/S) exceed 21,000 psi.  The steel shell thickness shall not be less than 
the minimum thickness shown below nor shall the calculated stress exceed 28,000 psi when the internal 
pressure is equal to working pressure plus water hammer pressure: 


 
Nominal Pipe Diameter 


(Inches) 
Minimum Steel Cylinder 


Thickness (Inch) 
<24 0.135 
24 0.165 
30 0.165 
36 0.188 
42 0.207 
48 0.250 
54 0.271 
60 0.280 
66 0.312 
72 0.375 
84 0.406 
90 0.438 
96 0.468 


108 0.500 
 


2. Cylinder thickness for external load: 
a. Upon determination of cylinder thickness for internal pressure, deflection of the pipe shall be checked by the 


following formula:  Dx =  DKWr3   
    EI + 0.0614E'r3 


Where:  
Dx = Vertical deflection of pipe in inches, not to exceed the allowable deflection as specified in this Section 
D = Deflection lag factor = 1.15 
K = Bedding constant = 0.1 
W(1) = Vertical load on pipe in lb/in 
r = Mean radius of pipe shell in inches 
EI = Flexural rigidity of pipe wall in lb-in 
E' = Modulus of soil reaction for use of bedding sand in lb/in2 = 1200  


Modulus of soil reaction for use of CLSM in lb/in2 = 3000 
b. If the calculated deflection Dx exceeds allowable, use improved bedding and pipe zone material to increase E' 


so that the calculated deflection becomes less than allowable. 
3. Welding of joint rings to resist thrust:  Where steel pipe with field welded Carnegie joint rings are used for thrust 


restraint, the joint rings shall be welded to the cylinder with double fillet welds. 
D. Joint Design and Fabrication: 


1. O-ring joints: 
a. Bell and spigot O-ring type joints shall consist of a bell and spigot end formed integrally on the pipe by 


swaging, expanding, or by welding on an approved Carnegie Section.  The gasket shall be retained on the 
spigot end by a groove formed by rolling with dies.  At no point on the spigot end shall the clear inside 
diameter of the pipe be less that the nominal inside diameter of the pipe barrel.  The inside of the bell end 
and the outside of the spigot end shall be smoothed by grinding as necessary and shall be free of raised 
bumps and scratches. 


                                                             
1 For design earth cover of more than 10 feet, the vertical load on the pipe shall be the weight of the earth directly over the 


pipe.  For pipe design when the design earth cover is 10 feet or less, the vertical load on the pipe shall also include the 
AASHTO HS-20 design live load.  For design earth cover less than 3 feet, impact shall also be included. 
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b. The gasket for the joint shall be a continuous O-ring made of a special rubber composition of such size and 
cross-section as to provide a watertight joint for a pressure of at least 250 psi.  The material requirements of 
the gasket shall be in accordance with AWWA C200.  Each gasket shall be checked for diameter, cut length, 
soundness, curing, and splices; certification of such tests shall be furnished to the OWNER as specified in 
this Section. 


c. The joint shall provide for a 3/4 inch pull-out from normal joint closure.  The Manufacturer shall furnish joint 
materials including rubber gaskets and lubricant.  Joint lubricant shall be in accordance with NSF/ANSI 61. 


2. Welded joints: 
a. Pipe and fittings for field welded joints shall be buttstrap joints, lap joints, or rubber gasket joints prepared for 


field welding and shall be in accordance with AWWA C200.  Attachment of joint rings to the pipe cylinder 
shall be accomplished with full thickness fillet welds on both the inside and the outside of the cylinder. 


b. The method used to form, shape, and size bell ends shall be such that the physical properties of the steel are 
not substantially altered.  Bell ends shall be formed by expanding with segmental dies.  If approved by the 
ENGINEER, bell ends formed by a rolling process shall be accomplished in no more than 6 passes 
(revolutions) over the bell surface and any resulting radius shall not be less than 15 times the thickness of the 
material being formed. 


c. Shop-applied linings and coatings shall be held back a minimum of 2 1/2 inches from the point at which the 
weld is to be made. 


d. Bell and spigot ends shall be sized to provide a difference in circumferential measurement between the 
outside circumference of the spigot and the inside circumference of the bell of no less than 0.09-inch and no 
more than 0.49-inch for pipe diameters 24-inch through 54-inch, and no less than 0.09-inch and no more than 
0.39-inch for pipe diameters larger than 54-inch. 


E. Offset Tolerances:  For pipe wall thicknesses of 3/8-inch or less, the maximum radial offset (misalignment) for 
submerged arc and gas metal arc welded steel pipe shall be 0.1875 times the pipe wall thickness or 1/16-inch, 
whichever is larger.  For pipe wall thicknesses greater than 3/8-inch, the maximum radial offset shall be 0.1875 times 
the pipe wall thickness or 5/32-inch, whichever is smaller. 


F. Welding:  As specified in SECTION 05 05 26. 
PART 2 PRODUCTS 
2.1 APPROVED MANUFACTURERS 


A. Shop-Applied Polyurethane Lining: 
1. American SpiraWeld Pipe  
2. Ameron Water Transmission Group 
3. Hanson Pipe 
4. Northwest Pipe 


2.2 ACCESSORIES 
A. Flanges: 


1. Flanges shall be ring type, flat faced, and serrated in accordance with AWWA C207. 
2. Blind flanges shall be in accordance with AWWA C207.  Above 24-inch nominal diameter consider ring flanged 


and dished heads. 
3. Shop coat machined faces of flanges with a rust-preventative compound, Houghton International’s Rust Veto 344. 
4. Shop coat edges and back faces of attached flanges with polyurethane as specified in SECTION 09 97 13.01 or 


epoxy as specified in SECTION 09 97 13.02. 
5. Shop coat edges, back faces, non-threaded surfaces, and the inside of blind flanges with polyurethane as 


specified in SECTION 09 97 13.01 or epoxy as specified in SECTION 09 97 13.02. 
B. Specials and Fittings: 


1. Design: 
a. Steel specials and fittings shall be in accordance with AWWA C208.  Pipe material used in fittings shall be of 


the same material and minimum thickness as the pipe. 
b. The minimum radius of steel elbows shall be 2 1/2 times the pipe diameter and the maximum miter cut angle 


on each section of the elbow shall not exceed 11.25 degrees. 
c. Fittings shall be equal in design strength of the pipe and shall have the same lining and coating as the 


abutting pipe. 
d. With approval of the ENGINEER, outlets may be spaced differently than shown on the Drawings to meet the 


pipe Manufacturer’s fabrication limitations.  The effect of this change, such as increased concrete manhole 
size, shall be at the CONTRACTOR’s expense. 


e. Steel specials and fittings shall be made of segmentally welded sections from hydrostatically tested pipe with 
ends to mate with the type of joint or coupling specified for the pipe. 


2. Linings and coatings:  Specials and fittings that cannot be mechanically lined and coated shall be lined and 
coated by hand-application using the same materials used for the pipe.  Lining and coating applied in this manner 
shall provide protection equal to that specified for the pipe. 


3. Threaded outlets:  Forged steel Class 3000 in accordance with ASME B 16.11. 
4. Deflections and long radius curves: 


a. Moderate deflections and long radius curves may be made by means of beveled joint rings, by pulling 
standard joints, by using short lengths of pipe, or a combination of these methods. 


b. The maximum total allowable angle for beveled joints shall be 5 degrees per pipe joint. 
c. The maximum allowable angle for pulled joints shall be in accordance with the Manufacturer's instructions or 


the angle that results from a 3/4 inch pull-out from normal joint closure, whichever is less. 
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d. Deflections or fabricated angles shall fall on the alignment.  The chord produced by deflecting the pipe shall 
be no further than 6 inches from the alignment shown on the Drawings. 


5. Angle points: 
a. Laying schedule angle points shall meet the horizontal angle points as shown on the Drawings. 
b. Laying schedule vertical angle points shall meet the vertical angle points as shown on the Drawings where 


interference is critical. 
C. Closures and Correction Pieces:  Closures and correction pieces shall be provided as required so that closures may 


be made due to different headings in the pipe laying operation and so that correction may be made to adjust the pipe 
laying to conform to pipe stationing shown on the Drawings.  Correction pieces shall be placed at approximate 
intervals of 2,000 feet, prior to bends greater than 25 degrees, and prior to outlets and valves that have critical 
stationing.  The location and number of closure or correction pieces shall be presented on the laying schedule for 
approval by the ENGINEER. 


D. Markings: 
1. Mark pipes and specials in accordance with the laying schedule and marking diagram. 
2. Number in sequence; this number shall appear on the laying schedule and marking diagram in its proper location 


for installation. 
3. Special pipe sections and fittings shall be marked at each end with top field centerline. 
4. The word TOP shall be painted or marked on the outside top spigot end of the sections. 
5. Minimum size of lettering:  4-inches. 
6. Non-toxic. 
7. Recycled water pipe: 


a. Include a stamp warning: 
1) Labeled:  CAUTION:  RECYCLED WATER – DO NOT DRINK. 
2) Installed along springline on both sides of pipe. 
3) In contrast with coating color. 
4) Compatible with the exterior coating. 
5) The warning shall be continuous and shall be spaced a distance no greater than one foot between the 


end of one warning message and the beginning of the next. 
E. Strutting: 


1. Adequate strutting shall be provided on specials, fittings, and straight pipe, to avoid handling, storage, hauling, 
and installation damage to the pipe coating and lining. 


2. The strutting shall be placed as soon as practicable after the lining has been applied and shall remain in place 
while each pipe is loaded, transported, unloaded, installed, and backfilled at the jobsite. 


F. Allowable Deflection: 
 


 


        Where ID = finished inside pipe diameter in inches 


G. Specials and Fittings: 
1. Reinforcement for wyes, tees, outlets, and nozzles shall be designed in accordance with AWWA Manual M11. 
2. Reinforcement shall be designed for the working pressure as specified in this Section. 
3. Design calculations shall be submitted to the ENGINEER. 


PART 3 EXECUTION  
3.1 GENERAL  


A. Check the deflection of the pipe and relocate the struts or provide additional struts to keep the deflections as specified 
in this Section and to maintain the pipe in a round condition. 


B. Handle the pipe by use of wide slings and padded cradles or of other suitable material designed and constructed to 
prevent damage to the pipe coating.  Use of chains, hooks, or other equipment that may injure the pipe coating will not 
be permitted.  Other pipe handling equipment and methods shall be approved by the ENGINEER. 


C. Stockpiled pipe shall be supported on sand or earth berms free of rock exceeding 3-inches in diameter; it shall not be 
placed directly on the ground.  The pipe shall not be rolled and shall be secured to prevent accidental rolling. 


D. Pipe shall not be rolled or skidded at any point when in contact with the ground. 
E. Workers will be permitted to walk on tape coatings only when necessary and shall wear shoes with rubber soles. 
F. For dielectric coated steel pipe perform holiday inspection in accordance with NACE SP0188 just prior to the pipe 


being lowered into the trench.  Make necessary repairs to the coating. 
3.2 INSTALLATION 


A. Jointing: 
1. General:  Field openings shall not be permitted on the pipe without the written consent of the ENGINEER. 
2. Rubber gasket joints: 


a. Pipe shall be laid with bell ends facing in the direction of laying.  Clearance shall be provided at the sides and 
bottom of pipe to facilitate the checking of the joint for proper gasket placement and for placement of the joint 
coating material. 


b. Prior to placing the rubber gasket in the groove on the spigot end of the pipe, both bell and spigot ends shall 
be thoroughly cleaned, and the inside of the bell and the rubber gasket lubricated. 


c. The spigot end shall be aligned with the bell end and carefully centered so that the pipe is supported in a 
manner to ensure the gasket will not drag as it enters the bell. 


Type of Pipe Allowable Deflection 
Cement-Mortar Coated Steel Pipe 0.02 x ID 
Flexible Coated Steel Pipe 0.03 x ID 
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d. Pipes shall be pulled together by an approved method such as bands or come-alongs or band and hydraulic 
jacking heads, as recommended by the pipe Manufacturer.  In all cases, the joint shall be assembled with the 
axis of the adjoining pipes in a straight line.  Any required deflection shall be accomplished by swinging the 
pipe end after the joint has been assembled.  Care shall be taken to assure that the gasket is not twisted or 
pulled when the pipe is jointed. 


e. The pull-out in the rubber gasket joints shall not exceed the maximum pull-out recommended by the pipe 
Manufacturer. 


f. After the joint has been pulled completely together as indicated by the stab marks, the gasket shall be 
checked using a feeler gauge.  Check around the complete circumference of the joint to assure that the 
gasket has not rolled out.  If a gasket has rolled out, the joint shall be pulled apart, the gasket inspected, and 
if damaged, as determined by the ENGINEER, shall be discarded and a new gasket installed. 


3. Welded joints: 
a. General: 


1) Field welded joints shall be in accordance with AWWA C206. 
2) Where exterior welds are called for, adequate space shall be provided for the welding and inspection of 


the joint. 
3) In laying welded steel pipe with buttstrap or lap joints, pipe deflection shall be limited to that which will 


produce a minimum lap of 1 1/2 inches and which will not cause a weld to be closer than 3/4 inch to the 
nearest tangent of a bell radius. 


4) Buttstraps, where required, shall be a minimum of 6-inches wide, the same thickness and material type 
as the pipe wall, and shall provide for a minimum of 3/4 inch lap at each pipe joint. 


5) Prior to the beginning of the welding procedure, any tack welds used to position the pipe during laying 
shall be removed.  Any annular space between the faying surfaces of the bell and spigot shall be equally 
distributed around the circumference of the joint by shimming, jacking, or other suitable means. 


6) Immediately following pipe laying, the joints shall be finish-welded, tested if required, and the exterior 
joint spaces coated in accordance with the Contract Documents.  The pipe shall then be backfilled to at 
least one foot above the top of the previously laid pipe except for the last 100 feet, the joints of which 
shall be left open for subsequent field welding and coating. 


7) After completion of the welding of the joint, the joint will be visually inspected.  Double welded joints shall 
be air tested in accordance with AWWA C206.  Defects shall be removed, rewelded, and retested. 


8) Where more than one pass is required, each pass except the first one and the final one, shall be peened 
to relieve shrinkage stresses; dirt, slag, and flux shall be removed before the succeeding bead is applied. 


9) In laying welded lap joints, spigots shall be laid ahead. 
b. Jointing: 


1) Pipe ends shall be cut straight on joints where buttstraps are used for realignment, adjustment, or 
deflection and fillet welds shall be made as shown on the Drawings. 


2) Field welded single lap joints may be made on the inside or the outside of the pipe at the 
CONTRACTOR's option. 


4. Field joint lining: 
a. General: 


1) Field joint lining material shall be the same material as the main pipeline lining. 
2) Polyurethane shall be as specified in SECTION 09 97 13.01. 
3) Epoxy shall be as specified in SECTION 09 97 13.02. 
4) Cement mortar shall be as specified in SECTION 09 97 13.03. 


5. Field joint coating: 
a. General: 


1) Field joint coating for cement-mortar coated pipe shall be as specified in SECTION 09 97 13.03. 
2) Field joint coating for tape, polyurethane, and epoxy-coated steel pipe shall be a heat-shrinkable sleeve 


as specified in SECTION 09 97 13. 
B. Backfill and Strut Removal: 


1. Remove pipe struts after backfill has been placed. 
2. Following the removal of struts, the ENGINEER will check the pipe for deflection.  Where excessive deflection 


occurs, remove the earth cover and side fill material, re-round the pipe by strutting, and replace the pipe zone and 
backfill material to limit deflection to that specified herein. 


3.3 PROTECTION 
A. Damage to Steel Pipe: 


1. Notify the ENGINEER of damage. 
2. The ENGINEER will determine whether the pipe can be field repaired. 
3. Where feasible, damaged pipe shall be placed so that the damaged portions will be on top. 
4. Buried pipe shall be excavated to expose the entire damaged section. 
5. No attempt shall be made to re-round the pipe. 
6. Repair the damaged area as directed by the ENGINEER. 
7. Weld patches shall have rounded edges and shall extend a minimum of one inch past the damage. 


B. Protection of Appurtenances:  Buried steel pipe appurtenances such as nozzles shall be coated with the same system 
as the pipe. 


C. Coating of Exposed Metal:  Exposed metal surfaces except flanges shall be coated with the same system as the pipe. 
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D. Linings: 
1. General: 


a. Apply linings in accordance with the Manufacturer’s instructions, including surface cleaning and preparation. 
b. Hold back lining 2 1/2 inches from the point at which the field weld is to be made. 
c. Leave ends of lining square and uniform. 
d. Allow lining to cure completely prior to shipping. 


2. Acceptable steel pipe linings: 
a. Polyurethane shall be as specified in SECTION 09 97 13.01. 
b. Epoxy shall be as specified in SECTION 09 97 13.02. 
c. Cement mortar shall be as specified in SECTION 09 97 13.03. 


E. Coatings: 
1. General: 


a. Apply in accordance with the Manufacturer’s instructions, including surface cleaning and preparation. 
b. Hold back coating 2 1/2 inches from the point at which the field weld is to be made. 
c. Leave ends of coating square and uniform. 
d. Allow lining to cure completely prior to shipping. 


2. Acceptable steel pipe coatings: 
a. Polyurethane as specified in SECTION 09 97 13.01. 
b. Epoxy shall be as specified in SECTION 09 97 13.02. 
c. Cement mortar shall be as specified in SECTION 09 97 13.03. 
d. Paint on piping within vaults shall be as specified in SECTION 09 90 00. 
e. Tape shall be as specified in SECTION 09 97 13. 


END OF SECTION 
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SECTION 33 11 01.02 
DUCTILE IRON PIPING 


PART 1 GENERAL 
1.1 SUMMARY 


A. Section includes general information, products, and execution for DI piping. 
B. Related Sections: 


1. SECTION 09 90 00 – PAINTING AND COATING 
2. SECTION 09 97 13.04 – WAX TAPE COATINGS FOR THE EXTERIOR OF METALLIC PIPING SYSTEMS 


1.2 REFERENCES 
A. American Water Works Association (AWWA): 


1. C 104 – Standard for Cement Mortar Lining for Ductile Iron Pipe and Fittings for Water 
2. C110 – Standard for Ductile-Iron and Gray-Iron Fittings, 3 In. Through 48 In. for Water 
3. C115 – Standard for Flanged Ductile-Iron Pipe with Ductile-Iron or Gray-Iron Threaded Flanges 
4. C150 – Standard for Thickness Design of Ductile Iron Pipe 
5. C151 – Standard for Ductile-Iron Pipe, Centrifugally Cast, for Water 
6. C153 – Standard for Ductile-Compact Fittings for Water Service 
7. C600 – Standard for Installation of Ductile-Iron Water Mains and Their Appurtenances 
8. Manual M41 – Ductile Iron and Pipe Fittings 


B. American Welding Society (AWS): 
1. D11.2 – Guide for Welding Iron Castings 


C. Denver Water (DW): 
1. Engineering Standards, MS-1 – Ductile Iron Pipe 
2. Engineering Standards, MS-14 – Polyethylene Encasement Material 
3. Engineering Standards, MS-29 – Mechanical Joint Restraint 


D. NSF INTERNATIONAL/AMERICAN NATIONAL STANDARDS INSTITUTE (NSF/ANSI): 
1. 61 – Drinking Water System Components – Health Effects 


1.3 QUALITY ASSURANCE 
A. Pipe Design Criteria:  The pipe diameter specified is the nominal pipe diameter for DI pipe. 
B. General Requirement: 


1. Maximum laying length shall be 20 feet. 
2. Pipe shall be designed, manufactured, tested, inspected, and marked in accordance with AWWA C150, AWWA 


C151, and Manual M41. 
3. Allowable pipe deflection is 0.025 x ID.  If the calculated deflection exceeds allowable, used improved bedding 


and pipe zone material to increase E’ so that the calculated deflection becomes less than allowable. 
1.4 SUBMITTALS 


A. Shop Drawings: 
1. The class and wall thickness for pipe and pressure rating and wall thickness of fittings. 
2. Standard and restrained joints details indicating pertinent dimensions and manufacturing tolerances. 
3. Materials list indicating the anticipated number of straight lengths of pipe to be used and fittings and specials with 


corresponding stations. 
4. Pipe laying schedule showing line layout and marking diagram for all areas.  The schedule shall indicate pipe 


number and length, the station of appurtenances, and the station and invert elevation of bell ends. 
1.5 DELIVERY, STORAGE, AND HANDLING 


A. DI pipe shall be stacked no higher than the height listed in AWWA C600.  Bell ends shall be alternated with spigot 
ends. 


B. The DI Manufacturer shall provide durable coverings to be placed over pipe ends. 
PART 2 PRODUCTS 
2.1 APPROVED MANUFACTURERS 


A. DI Pipe:  In accordance with DW Engineering Standard MS-1 
B. Push-On Joint Design and Fabrication: 


1. American Cast Iron Pipe, Fastite 
2. US Pipe, Tyton 


C. Push-On Joint Restraint: 
1. American Cast Iron Pipe Company, flex-ring joint 


D. Mechanical Joint Restraint:  In accordance with DW Engineering Standard MS-29 
E. Ceramic Epoxy: 


1. Novolac, amine cured epoxy 
2. Protecto 401 


F. Tapping Saddles: 
1. JCM 412 
2. Romac FTS 420 
3. Smith Blair 622 


2.2 MATERIALS 
A. DI Pipe: 


1. General:  Designed, manufactured, tested, inspected, and marked as specified in this Section and in accordance 
with AWWA C151, Manual M41, NSF/ANSI 61, and DW Engineering Standard MS-1; manufactured in the US. 


2. Fittings: 
a. Fittings shall be DI in accordance with AWWA C110 or AWWA C153. 
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b. Lined with the same lining as the mainline pipe. 
c. Branch outlets 12-inches and smaller may be in the form of tapping saddles and DI tee fittings.  Welded 


outlets may be used when they are up to 70% of the main pipe diameter.  Welded outlet main pipe and outlet 
pipe shall be Special Thickness Class 53 and shall be fabricated by the Manufacturer of the pipe at their 
facility.  Welding shall be in accordance with AWS D11.2.  Welded outlets shall be rated for at least the 
pressure rating required for the main pipe or 250 psi, whichever is greater, with a minimum of 2.0 sf.  Outlet 
joints shall be flanged for exposed applications and flexible, push-on restrained joint bell and spigot for buried 
applications.  Mechanical joint bells with restraining devices are not acceptable for buried applications. 


3. Flanges:  In accordance with AWWA C115 suitable for the pressure specified. 
4. Pipe class: 


a. Pipe: The minimum thickness class shall be Special Thickness Class 50. 
b. At threaded flanges:  The minimum thickness class shall be Special Thickness Class 53. 


5. Linings: 
a. Potable water piping:  Cement mortar in accordance with AWWA C104. 
b. Ceramic epoxy:  Recycled piping. 


6. Exterior coating: 
a. One mil thick asphaltic coating; the finished coating shall be continuous, smooth, neither brittle when cold nor 


sticky when exposed to the sun and shall be strongly adherent to the pipe. 
b. Piping within vaults:  Shop-applied primer compatible with the coating system as specified in SECTION 


09 90 00. 
7. Joint design and fabrication: 


a. Standard joint shall be a single rubber gasket joint designed to be assembled by the positioning of a 
continuous, molded rubber ring gasket in an annular recess in the pipe or fitting socket and the forcing of the 
plain end of the entering pipe into the socket, thereby compressing the gasket radially to the pipe to form a 
watertight seal. 


b. Mechanical joints, flanges, or other restrained joints shall be located where shown on the Drawings or as 
approved by the ENGINEER. 


8. Joint restraint: 
a. General: 


1) Designed to resist thrusts resulting from internal pressure acting at bulkheads, bends, valves, and 
extending over the distances shown on the Drawings. 


2) Designed for the working pressure plus water hammer. 
3) Alter the laying schedule in restrained areas to avoid deflected joints.  Work out alterations and bear 


expense for such alterations. 
4) Do not use rods or clamps. 


b. Acceptable products: 
1) Compatible field flex ring allowable for closure joints only as necessary. 
2) Mechanical joint restraint or bell-spigot restraint in accordance with DW Engineering Standard MS-29. 


9. PE encasement material: 
a. In accordance with DW Engineering Standard MS-14. 
b. PE material color shall be: 


1) Recycle piping:  Pantone 2577U. 
2) Other:  Clear (natural color). 


c. PE material shall be stored out of direct sunlight. 
d. Labeling for recycled piping: 


1) Labeled:  CAUTION: RECYCLED WATER – DO NOT DRINK. 
2) Height:  1 1/2-inches minimum. 
3) Every 2 feet along the length of the PE encasement. 


PART 3 EXECUTION  
3.1 APPLICATION 


A. Linings: 
1. Ceramic epoxy, 40 mils DFT: 


a. Application: 
1) Apply in accordance with the Manufacturer's instructions. 
2) Interior pipe surface shall be free from mud, oil, grease, and other foreign contaminants prior to 


application of lining. 
3) Abrasive blast interior pipe surface using sand or grit abrasive media prior to application of lining. 
4) Only slight stains and tightly adhered oxide may be left on the interior pipe surface. 
5) Minimum pipe and ambient air temperature:  40°F. 
6) Line the joint surface in accordance with the Manufacturer's instructions. 


b. CML is not allowed for recycled or reuse water. 
3.2 INSTALLATION 


A. Field Pipe Wrapping: 
1. A pre-cut length of tubing approximately 20-feet long shall be used per 18-foot length of pipe.  Before lowering into 


the trench, tubing shall be slid over the bell end of the pipe and bunched behind the bell. 
2. Excess PE material shall be drawn up around the pipe barrel, folded neatly into an overlap on top of the pipe, and 


held in place by pressure-sensitive tape at 3 foot to 5 foot intervals. 
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3. In the trench, the bell end of the pipe shall be raised clear of the trench bottom and the tubing stretched out along 
the length of pipe.  One foot surplus shall be provided at each end of a length of pipe.  This surplus shall be 
bunched behind each end of the length of pipe. 


4. After each joint is made, tubing shall be pulled over the bell end of the pipe, folded around the adjacent spigot 
end, and wrapped circumferentially with pressure-sensitive tape. 


5. At flanges, cut the PE material to be within 1/4 inch of the back face of the flange.  Secure with slightly 
overlapping circumferential wraps of pressure-sensitive tape for a distance of 4 inches from the back of the flange.  


6. Use the following flat width tubing: 
 


Nominal Pipe Diameter 
(Inches) 


Flat Tubing Width 
(Inches) 


6 20 
8 24 
12 30 
16 37 
20 45 
24 54 
30 67 
36 81 
42 81 


 
7. Clean material prior to wrapping operations. 
8. During installation, soil or embedment material shall not be trapped between the PE material and the item to be 


protected. 
9. PE encasement shall be secured at ends, seams, overlaps, and folds by adhesive tape or plastic tie straps 


approved for such purpose. 
10. Sufficient slack shall be provided in contouring the encasement around buried items to prevent stretching the 


material where it bridges irregularities and to prevent damage by backfilling operations. 
11. Installation of the PE tubing shall be such that the non-potable water warning is at or above springline on each 


side of the pipe. 
12. Cuts, tears, punctures, and other damage to the PE material shall be repaired with adhesive tape and a short 


length of additional PE material.  The ENGINEER will inspect repairs prior to backfilling activities. 
B. Buried Flanged Joints:  Flanges shall be wrapped in wax tape as specified in SECTION 09 97 13.04. 
C. Jointing: 


1. Push-on joint: 
a. For the push-on joint, the inside of the bell and the outside of the spigot end shall be thoroughly cleaned to 


remove oil, grit, excess coating, and other foreign matter. 
b. The rubber gasket shall be flexed inward and inserted in the gasket recess of the bell socket.  In cold weather 


it may be necessary to warm the gasket to facilitate insertion. 
c. A thin film of non-toxic, water soluble, NSF/ANSI 61 approved gasket lubricant shall be applied to the inside 


surface of the gasket and the spigot end of the pipe. 
d. The spigot end of the pipe shall be pushed into the socket with care keeping the joint from contacting the 


ground.  The joint shall then be completed by forcing the plain end to the bottom of the socket in a manner 
approved by the ENGINEER. 


e. Each joint shall be checked with a feeler gauge to ensure the proper installation of the gasket. 
f. Pipe that is not furnished with a depth mark shall be marked before assembly to assure the spigot end is 


inserted to the full depth of the joint. 
g. Field cut pipe joint ends shall be filed or ground to resemble a spigot end as recommended by the 


Manufacturer. 
h. Field cut end repairs shall be done in accordance with the pipe Manufacturer’s instructions. 
i. Deflection of the joint shall not exceed the Manufacturer’s recommended maximum deflection. 


2. Mechanical joint: 
a. For the mechanical joint, the last 8 inches outside of the spigot and the inside of the bell shall be thoroughly 


cleaned to remove oil, grit, excess coating, and other foreign matter from the joint and then painted with a thin 
film of non-toxic, water soluble NSF/ANSI 61 approved gasket lubricant. 


b. The gland shall then be slipped on the spigot end of the pipe with the lip extension of the gland toward the 
plain end. 


c. The rubber gasket shall be painted with the gasket lubricant and placed on the spigot end with the thick edge 
toward the gland. 


d. The entire section of the pipe shall be pushed forward to seat the spigot end in the bell.  The gasket shall 
then be pressed into place within the bell.  Care shall be taken to locate the gasket evenly around the entire 
joint. 


e. The gland shall be moved toward the bell and centered with the gland lip against the gasket.  The bolts shall 
be inserted and the nuts screwed tightly with fingers.  Nuts shall be tightened with a torque limiting wrench, 
the range of torque in accordance with AWWA C600.  Bolts spaced 180 degrees apart shall be tightened 
alternately to produce an equal pressure on all parts of the gland. 


f. Deflection of the joint shall occur after joint assembly but before tightening the bolts.  The deflection for 
mechanical joints shall not exceed the Manufacturers recommended maximum deflection. 
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3. Joint restraint: 
a. Complete the joint restraint as recommended by the Manufacturer. 
b. No joint deflection is allowed. 


4. Mechanical joint restraints: 
a. Complete the mechanical joint as described above. 
b. Complete the mechanical joint restraint as recommended by the Manufacturer. 
c. No joint deflection is allowed. 


D. Cutting and Fitting:  Make pipe cuts required to conform to location, line, and grade.  Cuts on pipe shall be made by 
the use of pipe cutters or pipe saws recommended by the Manufacturer and approved by the ENGINEER.  Cuts shall 
be straight and true.  Cut ends and rough edges shall be ground smooth.  For push-on joint connections, the cut end 
shall be beveled. 


3.3 PROTECTION 
A. Protection of Fittings:  Buried DI pipe fittings shall be PE wrapped in accordance with AWWA C600. 


END OF SECTION 
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SECTION 33 11 08 
PIPE INTERNAL JOINT SEALS 


PART 1 GENERAL 
1.1 SUMMARY 


A. Section includes general information, products, and execution for pipe internal joint seals. 
1.2 REFERENCES 


A. ASTM International (ASTM): 
1. A 240 – Standard Specification for Chromium and Chromium-Nickel Stainless Steel Plate, Sheet, and Strip for 


Pressure Vessels and for General Applications 
2. D 2000 – Standard Classification System for Rubber Products in Automotive Applications 


B. Code of Federal Regulations (CFR): 
1. Title 21 – Food and Drugs Section 177.2600 


C. NSF International/American National Standards Institute (NSF/ANSI): 
1. 61 – Standard for Drinking Water System Components – Health Effects 


PART 2 PRODUCTS 
2.1 APPROVED MANUFACTURERS 


A. Internal Joint Seals: 
1. Miller Pipeline Corporation, Weko-Seal  
2. Victaulic Company, InnerSeal 


2.2 COMPONENTS 
A. Components of the internal joint seals shall be NSF/ANSI 61 approved. 
B. Joint Liner:  EPDM rubber derivative membrane, manufactured in accordance with ASTM D 2000: 


1. Material shall be an EPDM polymer where ingredients are listed in CFR Title 21 with the final material not 
supporting microbiological growth when used in potable, seawater, or in humid aerobic conditions. 


2. Volume change of the rubber shall not exceed 3% after immersion in fresh or seawater at 212°F for 70 hours. 
3. Stress relaxation shall not exceed 12% when tested for 30 minutes to one day. 


C. Joint Liner Splicing: 
1. Seal splice shall be made using a transfer-molding method with virgin rubber of the same compound from which 


the seal is manufactured with a 1/4-inch minimum width at the interface. 
2. Vulcanization shall occur at 330°F with 2,000 psi pressure. 
3. No adhesive or glue shall be used. 
4. Test:  The seal shall be gripped at a point 6 inches on each side of the splice and shall be bent in both directions 


as sharply as possible; splice shall be capable of passing this bend test without visible separation. 
5. No voids or cracks are allowed. 


D. Bands, Shims, and Set Screws: 
1. Bands, spacers, shims, and set screws for securing rubber membrane across piping joints shall be Type 304 or 


Type 316 stainless steel manufactured in accordance with ASTM A 240. 
2. Typical mechanical properties: 


a. Yield strength greater than or equal to 30,000 psi. 
b. Tensile strength greater than or equal to 75,000 psi. 
c. Elongation in 2 inches equal to 40%. 
d. Hardness Rockwell B value of 92. 
e. Finish and condition is annealed. 


E. Stainless Steel Bands Manufacturing: 
1. Bands shall be rolled to the radius of the pipe being renewed. 
2. Bands shall have minimum dimensions of 3/16-inch thick by 2-inches wide for pipe sizes 36-inches to 60-inches in 


diameter. 
3. Each band shall be checked on fixed radius gauge. 


F. Cleated End: 
1. Manufactured from the same Manufacturer lot number as the band. 
2. Shop welds and field welds shall be made by certified welders with a minimum of 2 years of experience on this 


alloy; welds shall be made with stick or wire of material compatible with the bands; shop welds shall be 
accomplished in an A-1025-Helium/C02 gas atmosphere when using wire. 


3. Field welding shall be made with a coated electrode of material that is compatible with the bands with a tensile 
strength of 86,000 psi and yield strength of 65,000 psi. 


4. Provide certified materials. 
G. Radiused Shims: 


1. ASTM A 240 Type 304 or Type 316 stainless steel, 16 gauge to 22 gauge by 2-inches by 6-inches. 
2. Manufactured by rolling to the radius of the pipe. 
3. Edges to be deburred. 


H. Liquid Joint Lubrication: 
1. Liquid joint lubricant used to assist in the installation of the rubber membrane and the bands shall be a non-toxic, 


NSF/ANSI 61 certified vegetable based lubricating gel. 
2. Required properties: 


a. Does not deteriorate or decompose while in storage for a minimum of 2 years. 
b. Soft, pasty consistency suitable for the use intended from 0°F to 120°F. 
c. Does not have any deteriorating effect on natural or synthetic rubber gaskets. 
d. Will not impart taste or odor to the water. 
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e. No objectionable odor. 
f. Non-toxic and does not support the growth of bacteria. 
g. pH:  9.6 minimum to 11 maximum. 
h. No petroleum based oils or grease. 


I. Thread Sealing Compound: 
1. Non-toxic paste type with Teflon. 
2. Teflon components required properties: 


a. Flash point:  410°F, closed cup. 
b. Density:  1.4 to 1.42. 
c. Viscosity:  200,000 cps to 275,000 cps. 
d. Temperature range:  -50°F to 500°F. 
e. Pressure application:  Maximum 10,000 psi. 


J. Hydraulic expander for the installation of steel and stainless steel expansion bands shall be capable of hydraulic 
expansion pressures of 6,000 psi. 


PART 3 EXECUTION 
3.1 PREPARATION 


A. Joint Preparation: 
1. The area of pipe on either side of the joint where the actual lip seals make contact with the pipe shall be prepared 


to a finish that will allow the lip seals to interface consistently and provide a permanent seal. 
2. High and low surface imperfections running axially through or part way through the sealing surface shall be 


removed by scraping or grinding.  Deep imperfections that grinding will not remove shall be properly filled with 
approved non-toxic joint filler.  This material shall be rendered smooth and ground, if necessary, to suit the 
prepared surface of the joint area. 


3. Joints are to be filled to the full depth of the gap and rendered flush with the internal surface of the pipe: 
a. The filling material shall be a quick-setting or cement mortar that is mixed as required in the pipe. 
b. Surplus material spillage should be removed from the joint work area prior to the surface preparation of the 


seal area. 
4. The extent of the ground area on either side of the joint shall be compatible with the lip seals and at least one inch 


extra grinding is recommended on either side of the ribbed section of the seal. 
5. Pipe shall be pre-marked with grease chalk to allow the preparation areas and the seal position to be clearly 


defined. 
6. When the pipe is concrete or reinforced concrete, apply a thin layer of a quick-setting cement mortar to the 


preparation area where the seal will be placed. 
B. Surface Preparation: 


1. Immediately prior to fitting the seal, the area shall be cleaned with a dry brush and coated with lubricant. 
2. The lubricant shall be hand-applied using a brush over the prepared area. 
3. Care shall be taken not to pick up dust deposits from the unprepared surface into the lubricant and thereby onto 


the prepared surface. 
3.2 INSTALLATION  


A. Internal joint seals shall be installed in accordance with the Manufacturer’s instructions and the Contract Documents. 
B. Prior to fitting, seals shall be given a thorough visual examination by the operator, paying particular attention to the 


ribbed (lip seals) sections of the seal.  If the quality of material construction or condition is in doubt, do not use the 
seals. 


C. Thoroughly clean the areas in which the joints are to be repaired and sealed of grease, dust, debris, roots, and solid or 
semi-solid matter prior to the start of sealing procedures: 
1. Remove and dispose of loose material. 
2. Properly dispose of these materials at a sanitary landfill or other approved location. 


D. Damage to Pipeline: 
1. Protect the pipeline from damage during cleaning and removal operations. 
2. Repair damage, which may occur, at no additional cost to the OWNER using methods approved by the 


ENGINEER. 
E. Positioning the Seal: 


1. The seal shall be checked to ensure it is not damaged and the test unit is tight before fitting the seal in place.  
Caulk mark the proper location of the seal. 


2. Place the seal in position to bridge the joint gap, guided by the chalk marks indicating the seal position. 
3. Position the seal accurately on the prepared areas. 
4. Locate the test unit in the seal at the 9 o’clock or 3 o'clock position. 
5. Position the seal parallel to the joint gap. 


F. Positioning Retaining Bands: 
1. Before the stainless steel bands are placed in the grooves provided in the seal, 2 stainless steel radiused shims, 


6-inches long by 18 gauge to 22 gauge, are placed underneath the wedge area in the grooves.  This provides a 
bridge that will transmit the radial load evenly to the seal as the bands are expanded. 


2. When 2-piece or 3-piece bands are used, bands are temporarily locked in position by means of a special 
mechanical locking device over the wedge area. 


G. Expanding the Seal into Position: 
1. Use a hydraulic expander to apply a set pressure to the retaining bands of the seal. 
2. When positioning the expander in line with the retaining band, ensure the band remains in the groove of the seal 


and does not become moved or dislodged. 
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3. The set pressure shall be held for a minimum of 2 minutes. 
4. Fit a radiused locking piece called a wedge between the exposed gaps of the expanded band ends: 


a. Select a size of wedge that has a slight frictional fit between the band ends. 
b. The radius of the wedge shall be equal to the radius of the pipe. 


5. Tap the wedge leading edge first into position, locking in the compression of the seal. 
6. Release the pressure from the expander by peening the board for 360 degrees. 
7. Repeat the procedure on the second retaining band of the seal. 
8. Repeat this entire operation after 30 minutes have elapsed after the first expansion.  Install new wedges as 


necessary. 
9. Once the expanding procedure is complete for bands requiring securing bolts, remove each bolt one at a time, 


coat with a NSF/ANSI 61 certified threadlocker, and reinstall and torque as recommended by the Manufacturer.  
The wedge shall be tightened down to a torque of 15 inch-pounds. 


3.3 QUALITY CONTROL 
A. Pressure Testing: 


1. Internally sealed areas shall be individually pressure tested, by Test 1 and Test 2, prior to the Substantial 
Completion date. 


2. Test 1: 
a. To be applied after each section has been completed and after 30 minutes have elapsed after the final fitting 


of the seal. 
b. A pressure of 10 psig is applied to the seal through the test valve and is maintained with a regulated air 


supply while a soap and water solution is applied to the outer edge and entire body of the seal to detect 
leaks. 


c. A restraining device shall be locked in its expanding position during testing to prevent excessive ballooning to 
the center membrane of the seal. 


3. Test 2:  A pressure of 5 psig is applied to the seal through the test valve and maintained with a regulated air 
supply while a soap and water solution is applied to the outer edge and entire body of the seal to detect leakage. 


4. Test valve assembly:  Following Test 2, the test valve of the seal is sealed with a countersunk hex head 
completion plug using a non-toxic thread sealing compound on the threads. 


END OF SECTION 
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SECTION 33 11 15 
POLYVINYL CHLORIDE PIPE FOR HORIZONTAL DIRECTIONAL DRILLING 


PART 1 GENERAL 
1.1 SUMMARY 


A. Section includes general information, products, and execution for PVC pipe for HDD. 
B. Related Sections: 


1. SECTION 33 11 01 – PIPING – GENERAL  
1.2 REFERENCES 


A. Denver Water (DW): 
1. Engineering Standards, MS-2 – Polyvinyl Chloride Pressure Pipe 
2. Engineering Standards, MS-34 – Tunneling Materials 


B. NSF International/American National Standards Institute (NSF/ANSI):  
1. 61 – Drinking Water System Components – Health Effects 


1.3 DEFINITIONS 
A. DR:  Pipe diameter divided by pipe wall thickness; a design parameter. 
B. SDR:  Ratio of average specified outside diameter to the minimum specified wall thickness for outside diameter 


controlled plastic pipe.  Standard intervals exist for this system. 
1.4 SUBMITTALS 


A. Product Data: 
1. Pipe. 
2. Adapters. 
3. Fusion machine. 


B. Quality Assurance Submittals: 
1. Training:  Weld training or certification. 
2. Fusion weld field report: 


a. Heating element temperature. 
b. Fusion pressure. 
c. Weld pressure. 
d. Results of bent strap test. 


C. Manufacturer Instructions: 
1. Butt-welding procedures from the pipe Manufacturer. 
2. Butt-welding procedures from the fusion machine. 


1.5 QUALITY ASSURANCE 
A. Design Requirements – Working Pressure:  150 psi. 
B. Welder Qualifications: 


1. A minimum of 3 years of documented experience in the Work of this Section. 
2. Approved by the Manufacturer. 


C. Pipe Manufacturer:  Pipe and materials certified to meet the standards listed herein. 
1.6 DELIVERY, STORAGE, AND HANDLING  


A. Handling:  Use slings to move pipe. 
B. Storage: 


1. As recommended by the Manufacturer. 
2. Do not cross over individual pipes. 
3. Keep the inside of pipe free of debris. 


PART 2 PRODUCTS 
2.1 APPROVED MANUFACTURERS 


A. Pipe: 
1. CertainTeed, Certa-Lok 
2. Underground Solutions, Fusible PVC 


2.2 MATERIALS 
A. Pipe:  In accordance with DW Engineering Standard MS-2, DW Engineering Standard MS-34, and NSF/ANSI 61. 
B. Joints:  Nonmetallic couplings with high-strength, flexible thermoplastic splines inserted into machined grooves in the 


pipe to provide full 360 degree restraint; fusion welded. 
PART 3 EXECUTION 
3.1 INSTALLATION 


A. Fusion Welding: 
1. Butt-weld pipe. 
2. Use temporary shelter over fusion operations during inclement weather; protect operations from precipitation and 


cold winds. 
3. Follow the pipe Manufacturer’s and the fusion machine Manufacturer’s recommended procedures. 
4. Fusion steps: 


a. Secure components to be joined. 
b. Face the pipe ends to establish clean, parallel mating surfaces. 
c. Align the pipe profiles; tighten the high side only in the event of uneven alignment. 
d. Use a pyrometer to measure the surface temperature of the heating tool.  Do not exceed the Manufacturer’s 


heat differentials for same side and opposite side temperatures. 
e. Heat the pipe ends, without pressure, for the time or to the bead size recommended by the Manufacturer. 
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f. Remove the heating tool and bring molten pipe ends together within 6 seconds or within the time period 
recommended by the Manufacturer. 


g. Apply the Manufacturer’s recommended pressure to form a homogenous joint. 
h. Hold the molten joint immobile under pressure until it has cooled adequately to develop strength.  Follow the 


Manufacturer’s recommendations. 
i. Record temperature, pressure, and time information. 


5. Fusion welds are to be approved by the ENGINEER. 
6. Do not remove internal or external beads. 
7. Butt fusion weld misalignment may not exceed 10% of the minimum wall thickness. 
8. Do not pull pipe through the bore until the joint has cooled for at least 45 minutes. 


B. CertainTeed, Certa-Lok: 
1. Clean exposed pipe and coupling/bell end surfaces to remove debris and contaminants. 
2. Apply a light coating of lubricant to the O-ring gasket as well as the tapered front bevel edge of the spigot. 
3. Do not lubricate nylon splines before inserting them. 
4. Check to make sure that the O-ring gasket is properly seated in its groove, inside coupling or bell end. 
5. Insert the spigot into the coupling/bell end as far in as it will go. 
6. Fully insert the locking splines as far in as they will go.  An alpine insertion tool is available to ease this task. 
7. Once the spline is fully inserted, any portion that projects beyond the spline hole may be cut off.  After pipe pull-in 


is complete, apply push force to relieve any stretch that may remain in the pipe string. 
3.2 QUALITY CONTROL 


A. Inspect pipe upon delivery and prior to installation: 
1. Kinked pipe shall not be installed. 
2. Smooth dress all sharp notches and cuts less than 5% or pipe wall thickness. 
3. Deep cuts (greater than 5% of pipe wall thickness) shall be cut out and rejoined. 


B. Manufacturer Testing: 
1. Test each product lot of pipe for: 


a. Melt index. 
b. Density. 
c. Percent carbon. 
d. DR. 
e. Quick burst or ring tensile strength. 


C. Testing: 
1. Weld inspection: 


a. Trial fusion test, bent strap test: 
1) The first fusion of the day shall be a trial butt fusion weld. 
2) Perform the trial butt fusion in the presence of the ENGINEER. 
3) After the test specimen has cooled to ambient temperature, cut out test straps at least 6 inches or 15 


pipe wall thicknesses long on each side of the fusion and 1 1/2 wall thicknesses, minimum of one-inch 
wide, out of the trial fusion pipe. 


4) Perform bend strap test. 
5) Any disbondment at the fusion is not acceptable. 
6) If the bent strap test fails, change the fusion procedures or machine setup and perform a new trial butt 


fusion weld. 
7) Field fusion shall not proceed until a test joint has passed the bent strap test. 


b. Fusion welding shall be visually inspected and approved by the ENGINEER: 
1) Faced ends shall be smooth and clean prior to heating. 
2) Faced pipe ends shall remain clean and untouched. 
3) Melted pipe ends prior to jointing shall not have concave ends. 
4) Double bead width shall be 2 times to 2 1/2 times the height from the pipe surface. 
5) Both beads shall be uniform in size and shape all around the joint. 
6) Depth of the v-groove between the beads shall not be more than half the bead height. 
7) Failed fusion welds shall not be repaired but the joint shall be removed and the new pipe ends re-fusion 


welded. 
2. Leakage testing: 


a. The OWNER will provide water for testing from a no charge hydrant permit. 
b. Preparation: 


1) Completely install and tighten mechanical connections including those on ductile iron pipe. 
2) Concrete kickblocks shall be a minimum of 4 days old. 


c. Test pressure:  As specified in SECTION 33 11 01. 
d. Do not exceed 8 hours prior to filling and testing the pipe. 
e. Test procedure: 


1) Filling phase: 
a) Fill the restrained pipe section completely with water. 
b) Ensure entrapped air is released. 


2) Initial expansion phase: 
a) Gradually pressurize the test section to the test pressure. 
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b) Add additional water as necessary to maintain pressure each hour for 3 hours as pipe is allowed to 
expand. 


3) Test phase: 
a) Immediately following the initial expansion phase, monitor the amount of makeup water required to 


maintain test pressure for the following 3 hours. 
b) No leakage equals less than 3.4 gallons of makeup water/100 feet of pipe. 


4) Depressurizing:  Drain and depressurize pipe. 
f. Pipe shall relax for 8 hours prior to pressurizing again. 


3.3 CLEANING 
A. Use Manufacturer-approved products. 


END OF SECTION 
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SECTION 33 11 17 
SCHEDULE 80 POLYVINYL CHLORIDE PIPE 


PART 1 GENERAL 
1.1 SUMMARY 


A. Section includes general information, products, and execution for Schedule 80 PVC pipe. 
B. Related Sections: 


1. SECTION 03 21 55 – ANCHORING TO CONCRETE 
1.2 REFERENCES 


A. ASTM International (ASTM): 
1. D 1784 – Standard Specification for Rigid Poly(Vinyl Chloride) (PVC) Compounds and Chlorinated Poly(Vinyl 


Chloride) (CPVC) Compounds 
2. D 1785 – Standard Specification for Poly(Vinyl Chloride) (PVC) Plastic Pipe, Schedules 40, 80, and 120 
3. D 2467 – Standard Specification for Poly(Vinyl Chloride) (PVC) Plastic Pipe Fittings, Schedule 80 


B. NSF International/American National Standards Institute (NSF/ANSI): 
1. 61 – Drinking Water System Components – Health Effects 


1.3 SUBMITTALS 
A. Product Data:  The Manufacturer’s literature on PVC pipe and fittings, plastic pipe cement, primers, applicators, and 


pipe supports. 
B. Shop Drawings. 
C. Joining Procedures. 


1.4 QUALITY ASSURANCE 
A. Pipe and fittings shall bear the NSF hallmark indicating they have been tested and approved for the conveyance of 


potable water. 
B. System piping components shall be the products of one Manufacturer. 


PART 2 PRODUCTS 
2.1 APPROVED MANUFACTURERS 


A. Solvent Cements  
1. IPS Corporation  


B. Primers: 
1. IPS Corporation, P68, P70, or P75  


C. Vertical Pipe Supports for Exposed Pipe Conditions: 
1. Grinnell Power-Strut, PS 200 EH stainless steel 
2. Pipe clamps:  Grinnell Power-Strut, PS 1100SS Universal Pipe Clamp (stainless steel) 
3. Stainless steel expansion anchors:  As specified in SECTION 03 21 55 


D. Horizontal Pipe Supports: 
1. Grinnell Power-Strut PS 200 EH (stainless steel) 
2. Pipe clamps:  Grinnell Power-Strut, PS 1100SS Universal Pipe Clamp (stainless steel) 
3. Stainless steel expansion anchors:  As specified in SECTION 03 21 55 


2.2 MATERIALS 
A. PVC Pipe and Fittings: 


1. PVC pipe and fittings shall be made from virgin compounds in accordance with ASTM D 1784. 
2. Pipe shall be manufactured from PVC Schedule 80, Type 1 (normal impact), Grade 1 (high chemical resistance), 


in accordance with ASTM D 1785. 
3. Pipe and fittings shall be listed by the PPI as having a hydrostatic design stress rating of 2,000 psi at 73°F.  


Materials from which pipe is fabricated shall be certified in accordance with NSF/ANSI 61. 
4. Permissible variations in length, diameter, weight, wall thickness, and straightness of pipe shall be in accordance 


with ASTM D 1785. 
5. Nominal pipe lengths shall be 20 feet, with shorter lengths as required. 
6. Fittings shall be Schedule 80 socket type in accordance with ASTM D 2467. 
7. Spigot ends of pipe shall have a factory-made 3/32-inch, 10 degree to 15 degree bevel. 


B. Solvent Cements:  See Table 1. 
C. Pipe Supports for Exposed Pipe Conditions: 


1. Vertical pipe supports:  2 stainless steel wedge anchors shall be furnished for each section of channel framing. 
2. Horizontal pipe supports:  In accordance with the dimensions shown on the Drawings. 


 
Table 1 


PVC Solvent Cement 
 Regular Body Medium Body Heavy 


Body 
Extra Heavy 


Body 
Pipe Size 
(Inches) 


700 
2700 702 710 704 


2704 
705 


2705 
721 


2721 
711 


2711 
719 


2719 
2 x x x x x x x x 


2 1/2 x x -- x x x x x 
3 x x -- x x x x x 
4 x x -- x x x x x 
6 -- -- -- -- -- -- x x 
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PART 3 EXECUTION 
3.1 GENERAL 


A. Furnish and install labor, materials, tools, and equipment. 
B. Perform Work and services necessary for the installation of Schedule 80 PVC pipe as shown on the Drawings and as 


specified in the Contract Documents. 
C. Coordinate with the Work of other trades. 
D. Although such Work is not specifically shown on the Drawings or specified, furnish and install supplementary or 


miscellaneous items, appurtenances, and devices incidental to or necessary for a sound, secure, and complete 
installation, such as fittings. 


3.2 INSTALLATION 
A. PVC Pipe and Fitting Joints: 


1. For PVC pipe and fitting joints, assemble materials for the job including primer, cement, cleaner, and applicator 
for the size of pipe and fittings to be assembled. 


2. Pipe shall be cut square using a mitre box saw or power saw.  If pipe is not square, it shall be re-cut until square.  
Cuts on a diagonal are not acceptable. 


3. Remove burrs or raised beads on the inside of pipe with an internal deburring tool.  On the outside of pipe, 
remove with a file or external deburring tool. 


4. With a clean, dry rag, remove dirt, grease, shavings, and moisture from the inside and the outside of the joints to 
be joined. 


5. Check the joint for dry fit prior to cementing.  For a proper joint, the fitting or the pipe joint shall go over the end of 
the joining pipe easily but become tight about 1/3 to 2/3 of the way.  An acceptable joint shall fully bottom the pipe 
in the socket during assembly. 


6. Use the properly sized applicator for the size of pipe or fittings being jointed.  An acceptable applicator size shall 
be approximately 1/2 the pipe diameter. 


7. Prime pipe to penetrate and soften joint surfaces: 
a. Apply the primer into the fitting socket, keeping the surface and applicator wet until the surface has softened.  


More applications may be needed for hard surfaces and cold weather conditions.  Re-dip the applicator as 
required.  When the surface is primed, remove puddles of primer from the socket. 


b. Thoroughly apply primer to the end of pipe to a point 1/2 inch beyond the depth of the socket. 
c. Apply a second application of primer to the fitting socket.  Do not permit the primer to run down the inside of 


the fitting or pipe. 
8. Using the proper size and type of applicator, apply the appropriate solvent cement while surfaces are wet. 
9. Cementing: 


a. Stir or shake cement prior to using. 
b. Apply a full, even layer of cement to the pipe end equal to the depth of the fitting socket. 
c. Apply a medium layer of cement into the fitting socket; avoid puddling cement in the socket.  On the bell end, 


do not coat beyond the socket depth or permit cement to run into the pipe beyond the bell. 
d. Apply a second full, even layer of cement on the pipe. 


B. Joint Assembly: 
1. Assemble the pipe and the fitting while cement is wet.  If it is not completely wet, recoat the parts before 


assembly.  If the cement coatings have hardened, cut pipe, dispose of the fitting, and start over.  While inserting, 
twist 1/8 to 1/4 until reaching the pipe stop.  Do not rotate after the pipe has reached the socket bottom. 


2. Maintain pressure on the joint for a minimum of 30 seconds to eliminate movement or push-out. 
3. After assembly, a joint shall have a ring or bead of cement completely around the juncture of the pipe and the 


fitting.  If voids are present, the cement was not sufficiently applied; redo the joint. 
4. Using a rag, remove excess cement from the pipe and the fitting including the ring or bead around the socket 


entrance. 
5. Avoid disturbing or moving the joint. 
6. Handle newly assembled joints carefully until the initial set has taken place, see Table 2.  Follow estimated set 


and cure times before handling pipe or pressure testing the system, see Table 3. 
 


Table 2 
Average Initial Set Schedule of IPS Solvent Cements (Minutes) (Hours) 


Temperature  
°F Range  


Pipe Sizes (Inches) 
1/2 to 1 1/4 1 1/2 to 2 2 1/2 to 8 10 to 15 15+ 


60 to 100 2 5 30 2 hrs 4 hrs 
40 to 60 5 10 2 hrs 8 hrs 16 hrs 
0 to 40 10 15 12 hrs 1 day 2 days 
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Table 3 
Average Joint Cure Schedule for IPS Solvent Cements (Minutes) (Hours) 


 Pipe Sizes (Inches) 
RH ≤ 60% 1/2 to 1 1/4 1 1/2 to 2 2 1/2 to 8 10 to 15 15+ 


°F range during 
cure 


Up to 160 psi Up to 100 psi 


60 to 100 15  30 1 1/2 hrs 2 days 3 days 
40 to 60 20 45 4 hrs 4 days 5 days 
0 to 40 30 60 3 days 8 days 14 days 


 
3.3 QUALITY CONTROL 


A. Pressure Testing: 
1. Furnish testing equipment, materials, tools, and labor. 
2. Conduct pressure testing of each line.  The ENGINEER will be present during pressure testing.  Test each line at 


2 times the working pressure or 50 psi, whichever is greater. 
3. Plug or cap ends and openings and disconnect fixtures and other accessories that may interfere or be damaged 


by the pressure test, as required. 
4. Conduct the pressure test for 60 minutes.  After that time, if the test pressure equals the starting pressure the test 


shall be acceptable.  If a loss of pressure occurs, determine and repair the point(s) of pressure loss and leakage 
by methods acceptable to the ENGINEER. 


5. Leaking in joints shall be repaired by the CONTRACTOR.  Lines shall be retested until an acceptable test is 
obtained. 


6. Regardless of a passing test, any visible signs of leakage shall be repaired. 
END OF SECTION 
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SECTION 33 11 55 
EXCAVATION AND FILL OF ACCESS OPENINGS 


PART 1 GENERAL 
1.1 SUMMARY 


A. Section includes general information and execution for excavation and fill of access openings.  
B. Related Sections: 


1. SECTION 03 30 00 – CAST-IN-PLACE CONCRETE 
2. SECTION 31 23 16 – EXCAVATION 
3. SECTION 31 23 24 – TRENCH BACKFILL 
4. SECTION 32 12 16 – ASPHALT PAVING 
5. SECTION 32 16 13 – CURB AND GUTTER 


1.2 REFERENCES 
A. Colorado Department of Transportation (CDOT): 


1. Standard Specifications for Road and Bridge Construction 
1.3 DEFINITIONS 


A. Access Openings:  Excavations from grade to below the invert of pipelines used exclusively for access to the pipe for 
cleaning and lining. 


1.4 SUBMITTALS 
A. Quality Control Submittals: 


1. CLSM:  Certified mix design and test results; include material types and weight per cubic yard for each component 
of mix. 


1.5 QUALITY ASSURANCE 
A. Notify the ENGINEER when: 


1. The access opening is ready for backfilling. 
2. Whenever backfilling operations are resumed after a period of inactivity. 
3. Fill material appears to be deviating from the Contract Documents. 


B. Description: 
1. Saw cut and remove asphalt paving and concrete for the access opening.  Excavate and remove material down to 


the water main or service line.  Such material shall be hauled off-site and disposed of properly.  Shore up and 
maintain the access opening as necessary to complete the Work. The access opening shall be filled with CLSM as 
specified in SECTION 31 23 24. 


2. The locations of the access opening are shown on the Drawings.  Any additional access openings necessary shall 
be approved by the ENGINEER. 


C. Subsurface Investigation:  There were no subsurface investigations performed by the OWNER. Conduct investigations 
to determine whether any additional access pits are necessary due to vertical or horizontal bends or deflections in pipe. 


D. Curb, Gutter, Driveways, and Sidewalks:  Repair or replace existing curb, gutter, driveways, and sidewalks removed or 
damaged as a result of the Work as specified in SECTION 32 16 13.  Limits of payment for curb, gutter, driveways, and 
sidewalks as shown on the Drawings.  Any damage to these items outside these pay limits shall be replaced at the 
CONTRACTOR’s expense. 


PART 2 PRODUCTS (NOT USED) 
PART 3 EXECUTION 
3.1 GENERAL 


A. Excavation requirements for open cut pipeline installation are specified in SECTION 31 23 16. 
B. Excavation and fill requirements for valves and fire hydrants shall be the same as those for access openings. 
C. Excavate at each access opening as shown on the Drawings and as necessary to complete the Work.  Allow for forms, 


temporary supports, working space, shoring, fill material, and similar items, wherever applicable. 
3.2 INSTALLATION 


A. Cutting Asphalt Pavement: 
1. Asphalt surfacing shall be cut vertically through the pavement layer.  In order to provide a straight edge, cut 


pavement by wheel cutting, saw cutting, abrasive water jet, or an approved method that assures a straight edge for 
the required depth of the cut. 


2. Surfacing adjacent to the cut shall not be lifted or otherwise disbonded from the support base. 
3. Prior to paving, saw cut asphalt a distance of 6 inches on either side of the trench cut. 
4. Street cuts shall be in straight lines and shall not be located in a wheel path. 
5. The minimum size of a street cut shall be 2 feet by 2 feet wide in asphalt pavement.  This includes the trench width 


for service connections across asphalt pavement, which shall be a minimum of 2 feet wide. 
6. Where the cut is 2 feet or less from a curb, gutter, or the edge of the roadway, the remaining street surface shall 


be removed and replaced to the curb, gutter, or edge of the roadway as part of the patch. 
7. Street surfaces shall be neatly cut, rectangular or trapezoidal in shape, and edges shall be parallel and 


perpendicular or skewed up to 45 degrees from perpendicular to the traffic flow. 
B. Concrete Removal: 


1. Drawings, showing the existing concrete joints, existing joint details, limits of concrete removals, new concrete 
joints, new concrete joint details, new expansion joint details, design thickness of concrete patch, and such other 
information as required for the specific design shall be submitted to the authority having jurisdiction for approval. 


2. Concrete pads shall be removed in their entirety.  Interior cuts are not acceptable.  This requirement is for flatwork 
concrete including pavement, driveways, and sidewalks. 
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3. Where the removal is to the longitudinal joint, tie bars should be left in place to extend into the patch.  If any bars 
are removed or destroyed, deformed bars of the same dimension and essentially the same interval shall be used. 


4. The portion of existing pavement to be removed shall be outlined by sawing to a minimum depth of 3 inches.  In no 
case shall the depth of saw cut be less than 1/3 of the existing pavement thickness. 


5. Worn out saw blades, which cause raveling of concrete edges, shall not be used and could be the cause for the 
removal of a larger portion of pavement to correct this situation. 


6. No saw cut shall be made less than 12 inches from any edge of an existing or proposed pole.  The width of 
pavement removed for trenches shall be a minimum of 12 inches wider than the width of the trench, with a 
minimum of 6 inches required to be removed on each side.  The shape of the slab to be removed shall be 
rectangular or square. 


7. Jackhammer practices resulting in chipping or in any way damaging the surface or edges of the concrete 
pavement outside the limits of the service cut are not permitted. 


8. Any existing contraction joint dowels, expansion joint material, expansion joint dowels, or caps shall be protected 
from damage during the removal operation.  Dowels shall be straight and contraction joint dowels shall be greased 
or painted prior to the placement of any concrete. 


9. Poles are to be wrapped for full-depth of concrete pavement with 3/8-inch premolded asphaltic joint material. 
10. Concrete spalls and chips shall be removed from the subgrade. 
11. The use of street plates on concrete pavements is not allowed from September 30 through April 15.  Use is 


allowed during other times only with the written permission of the authority having jurisdiction.  When used on 
concrete pavements, cold-mix asphalt shall be ramped a minimum of 2 feet in the travel direction.  Certify in writing 
the suitability for use and specify additional methods to be used to secure the plates from movement. 


C. Access Openings: 
1. Saw cut asphalt and concrete as specified in this Section. 
2. Excavate down to an elevation below the pipe and provide adequate OSHA approved shoring in all openings to 


prevent sloughing or caving of the sides.  The access opening shall be shored immediately after excavation. 
3. Remove surplus material from the jobsite. Locations for the disposal of all surplus material shall be approved by 


the ENGINEER. 
4. Obtain written permission before disposal of any material on private property; furnish a copy of said permission to 


the ENGINEER.  The OWNER relinquishes all right and title to the surplus material. 
5. Supply steel plates to cover access openings that are not being used. 


a. Design to support HS-20 traffic loads in accordance with the Standard Specifications for Road and Bridge 
Construction. 


b. Install plates such that all 4 edges overlap the access opening by at least 6 inches. 
c. Should more than one plate be required, a steel beam may be required to support the plate edges, spanning 


the opening.   
d. Recess plate edges into the pavement. If a concrete road surface is encountered, a transition of cold-mix 


asphalt from the plate to the street may be used in lieu of recessing the plate edges. 
e. Pin or fasten steel plates to the street to prevent excessive bouncing or movement as traffic passes over 


them.  Take responsibility for damage that may occur to automobiles, property, and people while steel plates 
are in use. 


6. Additional requirements regarding the use of steel plates shall be as specified in this Section. 
D. Trench Width for Buried By-Pass Piping: 


1. Minimum trench width: 
a. Cut and excavations: No minimum. 
b. Backfill and restoration: 24 inches. 


E. CLSM:  As specified in SECTION 31 23 24. 
F. Site Restoration: 


1. Additional cast-in-place concrete requirements shall be as specified in SECTION 03 30 00. 
2. Asphalt paving requirements within roadways shall be as specified in SECTION 32 12 16. 
3. Concrete walks, curbs, and miscellaneous flatwork repair and replacement requirements shall be as specified in 


SECTION 32 16 13. 
END OF SECTION 
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SECTION 33 11 56 
CLEANING IN-PLACE CAST IRON PIPE 


PART 1 GENERAL 
1.1 SUMMARY 


A. Section includes general information, products, and execution for cleaning in-place CI pipe. 
B. Related Sections: 


1. SECTION 31 23 24 – TRENCH BACKFILL 
2. SECTION 33 11 55 – EXCAVATION AND FILL OF ACCESS OPENINGS 
3. SECTION 33 11 57 – CEMENT-MORTAR LINING IN-PLACE CAST IRON PIPE 


1.2 SUBMITTALS 
A. Product Data:  Cleaning equipment 
B. Quality Control Submittals: 


1. Statement of Qualification:  Equipment Operator 
1.3 QUALITY ASSURANCE 


A. Qualifications: 
1. A minimum of 2 years of documented experience in the Work of this Section. 
2. Approved by the Manufacturer. 


B. Take every precaution during pipe cleaning operations to safeguard individuals from injury and property from damage.  
Immediately notify the ENGINEER in the event of injury or damage. 


PART 2 PRODUCTS 
2.1 MATERIALS 


A. The equipment used for pipe cleaning shall be designed and manufactured to prevent damage to existing pipe, joints, 
fittings, and valves. 


PART 3 EXECUTION 
3.1 GENERAL 


A. Furnish labor, trucks, equipment, cleaners, and squeegees to mechanically clean pipelines. 
B. Operate cleaning equipment and be responsible for any damage to pipe that occurs during cleaning. 
C. Protect pipe ends from damage due to cable or rod abrasion.  Install steel rollers or guards on pipe ends whenever 


steel cable is being pulled through the pipe. 
D. Mechanically clean the interior of pipe.  Remove corrosion and chemical deposits, loose and deteriorated remains of 


old coating materials, oil, and grease.  Ensure there are no remaining accumulations of water, dirt, and debris.  Clean 
pipe to a degree suitable for the proper application of CML as specified in SECTION 33 11 57. 


E. Clean pipeline using the cable attached drag cleaning method.  Cleaning equipment provided by the CONTRACTOR 
shall be dedicated to potable water main use only; it shall not have been previously used for other purposes. 


F. Provide video inspection of the cleaned pipe. 
G. Reclean pipe found to be inadequately cleaned.  An ENGINEER-determined second video inspection may be required 


prior to lining to verify the effectiveness of cleaning. 
3.2 PREPARATION 


A. Excavations shall be as specified in SECTION 33 11 55. 
B. Accessing the Pipeline: 


1. Access the pipeline by saw cutting the pipe perpendicular to the axis of the pipe.  Remove a 3-foot to 5-foot long 
piece of the pipe, preferably with a joint in the middle of the section.  When removing a section of pipe for access, 
do not cut the pipe within 2 feet of any joint that is to remain. 


2. Any removed piece of pipe, fitting, or appurtenance shall be replaced with new material unless it is specifically 
authorized by the ENGINEER to be reinstalled. 


3. During construction, cover open pipe with plastic caps.  Add plywood and wedge tight to prevent unauthorized 
access into the pipeline. 


C. Dewatering the Pipeline: 
1. Cut the pipe and remove the remaining water after the OWNER has taken the pipeline out of service. 
2. If there is water flowing in the pipeline of sufficient quantity as to prevent installation of the lining, locate and 


identify the source of the leak(s) and notify the ENGINEER. 
3. Stop leaks coming from service taps.  Leaks coming from sideline valves will be stopped by the OWNER by 


reworking the valve(s).  If this does not stop the leak, replace the sideline valve as directed. 
D. Obstructions: 


1. Obstructions to the passage of the cleaning tool due to bends, reducers, stays, or other fittings not shown on the 
Drawings may require additional openings.  A fitting with a different inside dimension from the main water main is 
not considered an obstruction.  Excavate, fill, and patch as specified in SECTION 31 23 24. 


2. Costs resulting from obstructions shall be paid in accordance with the General Conditions. 
END OF SECTION 
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SECTION 33 11 57 
CEMENT-MORTAR LINING IN-PLACE CAST IRON PIPE 


PART 1 GENERAL 
1.1 SUMMARY 


A. Section includes general information, products, and execution for CML of in-place CI pipe. 
B. Related Sections: 


1. SECTION 33 11 56 – CLEANING IN-PLACE CAST IRON PIPE 
1.2 REFERENCES 


A. American Water Works Association (AWWA): 
1. C602 – Standard for Cement-Mortar Lining of Water Pipelines in Place – 4 In. (100mm) and Larger 


B. ASTM International (ASTM): 
1. C 40 – Standard Test Method for Organic Impurities in Fine Aggregates for Concrete 
2. C 143 – Standard Test Method for Slump of Hydraulic-Cement Concrete 
3. C 150 – Standard Specification for Portland Cement 
4. C 494 – Standard Specification for Chemical Admixtures for Concrete 
5. C 618 – Standard Specification for Coal Fly Ash and Raw or Calcined Natural Pozzolan for Use in Concrete 
6. E 11 – Standard Specification for Woven Wire Test Sieve Cloth and Test Sieves 


C. NSF International/American National Standards Institute (NSF/ANSI): 
1. 61 – Drinking Water System Components – Health Effects 


1.3 SEQUENCING AND SCHEDULING 
A. Clean the pipelines as specified in SECTION 33 11 56. 
B. CML after the pipe has been cleaned and its condition approved by the ENGINEER. 


1.4 SUBMITTALS 
A. Product Data: 


1. CML equipment. 
2. Admixtures. 
3. Cement-mortar mix NSF/ANSI 61 approval. 


B. Quality Control Submittals: 
1. Mix design:  Submit prior to CML pipe. 
2. Statement of Qualification:  Cement-mortar equipment operator. 


1.5 QUALITY ASSURANCE 
A. CI Pipe: 


 
Main Size (Inches) CML Thickness (Inches) 


6 3/16 
8 3/16 
10 3/16 


12 to 23 1/4 
24 and larger 5/16 


 
B. Tolerances:  +1/8 inch, -1/16 inch. 
C. Guarantee the minimum Hazen-Williams C-value based on the nominal diameter of the pipeline; the OWNER will 


perform tests. 
 
Main Size (Inches) C-Value 


6 100 
8 110 


10 115 
12 120 


14 to 20 125 
Larger than 20 130 


 
PART 2 PRODUCTS 
2.1 MATERIALS 


A. Cement-Mortar Design: 
1. Composition:  Cement, sand, and water that are well-mixed and of such consistency as to produce a dense, 


homogeneous lining that will adhere firmly to the pipe surface. 
2. Proportions: 


a. One part of portland cement to 1 to 1 1/2 parts of sand by volume. 
b. Determine exact proportions by the characteristics of the sand used. 
c. Pozzolanic material, if used, shall be substituted for a part of the portland cement in a proportion of one part 


pozzolanic material to 5 parts portland cement by volume. 
d. Admixtures, if used, shall be in accordance with the Manufacturer's recommendations. 


3. Water content:  The minimum quantity that produces a workable mixture with full allowance made for moisture 
collecting on the interior of pipe surfaces. 


4. Mixing:  Long enough to obtain maximum plasticity.  Use mortar before initial set. 
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B. Portland Cement:  ASTM C 150, Type I or II. 
C. Pozzolanic Material and Admixtures: 


1. May be used only upon prior approval of the ENGINEER in accordance with ASTM C 618, Type C, F, or N. 
2. Admixtures in accordance with ASTM C 494 may be used, at the option of the CONTRACTOR, provided the ratio 


of admixture to portland cement does not exceed that used in the ASTM C 494 qualification tests. 
3. No admixtures shall be used that would have a deleterious effect on potable water flowing in the pipe after the 


CML has been placed. 
D. Sand: 


1. Inert granular material. 
2. Grains shall be strong, durable, and uncoated. 
3. Well-graded; pass a No. 16 mesh screen with no more than 5% passing the No. 100 sieve; sieve sizes shall be in 


accordance with ASTM E 11. 
4. Free from injurious amounts of dust, clay, lumps, shale, soft or flaky particles, mica, loam, oil, alkali, or other 


deleterious substances. 
5. The total weight of such substances shall not exceed 3% of the combined weight of the substances and the sand 


that contains them. 
6. In addition, limitations shall apply to specific substances as follows: 


 


Substance Maximum Allowable 
% By Weight 


Shale 1 
Clay Lumps 1 
Mica and deleterious substances 
(other than shale and clay lumps) 2 


 
7. Shall not show a color value darker than the referenced standard color solution prepared in accordance with ASTM 


C 40. 
E. Water shall be clean and free from injurious amounts of mud, oil, organic material, or other deleterious substances. 


PART 3 EXECUTION 
3.1 GENERAL 


A. Furnish and apply CML for CI mains designated on Drawings.  Remove debris prior to lining; ensure the pipeline is 
clean and dry enough to apply CML effectively. 


3.2 INSTALLATION  
A. Equipment: 


1. Produce a smooth surface. 
2. Only machines that have successfully placed CML similar to that herein specified, have been in service, and have 


proved satisfactory for the diameters specified, in the opinion of the ENGINEER, will be acceptable.  Equipment 
used shall be in good operating condition and shall be subject to the approval of the ENGINEER. 


3. Provide personnel trained in the use of the equipment for its operation; on-the-job trainees are not be acceptable. 
4. Equipment used shall be dedicated to potable water service only; it shall not have been previously used for other 


purposes. 
B. Machine Application: 


1. Preparation:  Clean pipe as specified in SECTION 33 11 56. 
2. Application: 


a. One course application of the cement-mortar shall be placed in an uninterrupted continuity by a centrifugal 
machine that projects the mortar against the wall of the pipe, with minimum rebound and with sufficient 
velocity to cause the mortar to be densely packed and adhere in place. 


b. Sand pockets or lack of homogeneity will not be permitted.  Compressed air shall not be used in the mixing or 
transportation of cement-mortar; it will only be allowed to power the equipment being used. 


c. Mechanically control the rate of travel of the machine and the rate of discharge of the mortar against the wall 
of the pipe to produce a smooth surface with uniform thickness without material segregation. 


d. The machine shall be equipped with attachments for mechanically troweling the mortar, with the machine 
traveling ahead of the lining and troweling operation.  The trowel arrangement shall be such that the pressure 
applied to the CML is kept uniform, producing a CML of uniform thickness with a smooth, finished surface free 
of spiral shoulders. 


e. Where accessible and necessary, pack open joints with mortar before lining to provide a smooth surface 
across the joint.  Moisten and clean mortared areas before machine lining. 


C. Hand-Application: 
1. General: 


a. In areas where machine placing of the CML is impracticable, such as sharp bends, specials, through large 
diameter crosses, and areas close to valves, place the CML by hand upon approval of the ENGINEER. 


b. Cement-mortar for hand-work shall be of the same materials as the mortar for machine placed CML. 
c. The surface shall be uniform with smooth transitions to adjacent machine placed CMLs and applied to the 


limits shown on the Drawings for fittings, outlets, and connecting piping.  The ENGINEER may order the 
correction of any defect. 


2. Special requirements: 
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a. Areas to receive hand-applied CML shall be moistened with water immediately prior to placing the hand-
applied mortar. 


b. Steel finishing trowels shall be used for the hand-application of cement-mortar, except at bends. 
c. The outer edges of hand-troweled areas may be brushed to reduce the abutting offset. 
d. Complete hand-finishing work within one day after completion of the machine application of CML to that 


section.  If necessary, delay or stop the application of CML by machine to assure compliance with this 
schedule. 


D. Surface Finish: 
1. Mechanically troweled except for places where hand-troweling or the placement of unfinished CML has been 


approved by the ENGINEER. 
2. Produce uniform thickness, smooth and free of spiral shoulders on troweled CML. 
3. Unfinished CML shall be smooth and regular although slightly dimpled; ridges or uneven buildup caused by an 


irregular travel rate of the machine will not be accepted; areas to be lined without being mechanically troweled 
shall be approved in writing by the ENGINEER. 


E. Curing: 
1. After completion of the CML and hand-finishing of a section of pipe or at the end of a day's run of the machine, the 


pipe shall be tightly closed by an approved means at both ends and a moist atmosphere maintained to keep the 
CML damp and prevent the evaporation of water from the CML. 


2. Introduce water into the closed section to maintain a moist atmosphere and keep the CML damp as soon as 
practicable after placing the CML. 


3. Cure CML until the section of pipe is filled with water by the OWNER; do not exceed 7 days. 
3.3 PROTECTION  


A. Do not leave laterals or connections obstructing the pipe from being lined. 
B. Flush openings that are 3 inches or less that may be plugged or filled with debris by CML or cleaning operations with 


air or water: 
1. The manner of flushing shall not cause damage to the freshly applied CML. 
2. Any damage to the CML during the clearing of openings shall be repaired to the satisfaction of the ENGINEER. 
3. If any taps, laterals, or service connections cannot be cleared by backflushing following the CML operation, clear 


the opening and provide water to the tap, lateral, or service connection in a manner approved by the ENGINEER. 
C. The OWNER will flush sidelines and 3-inch and larger services prior to and after the CML operation. 


3.4 QUALITY CONTROL 
A. General Inspection: 


1. The ENGINEER will inspect construction, workmanship, and materials covered.  Provide such materials and give 
such assistance as may be required to provide for safe inspection and testing. 


2. The quality of the unlined pipe shall be agreed upon prior to lining. 
3. The ENGINEER will inspect mains after lining utilizing CCTV inspection equipment. 
4. Repair damage to the CML caused by the ENGINEER during the removal of a portion of the CML to inspect its 


thickness. 
B. Defective CMLs: 


1. Defects in CML include, but are not limited to, sand pockets, voids, over-sanded areas, excessively cracked and 
drummy areas, areas of CML that are thinner than specified, and areas of unsatisfactory surface finish. 


2. Temperature and shrinkage cracks in the CML less than 1/16-inch in width do not need to be repaired.  Cracks 
wider than 1/16-inch in width shall be repaired.  Cracks smaller than 1/16 inch in width do not need to be repaired 
if it can be demonstrated to the satisfaction of the ENGINEER that the cracks will heal autogenously under 
continuous soaking in water.  The autogenous healing process may be demonstrated by any procedure that keeps 
the CML of the pipe continuously wet or moist. 


3. CML not applied as specified in this Section is subject to rejection by the OWNER.  Remove and replace rejected 
CML. 


4. Replace defective areas encompassing the full diameter of the pipe by machine wherever practicable. 
5. Any depressions (craters) greater than 3 inches in the CML material that are a result of the service line blowback 


process, as determined by CCTV inspection, shall be excavated and replaced at the CONTRACTOR’s expense. 
C. The ENGINEER will take samples, at random, of the mortar used in the CML to verify the mix proportions and 


determine mix strength. 
D. Slump tests will be taken on freshly mixed mortar in accordance with ASTM C 143; results shall be within the limits of 


AWWA C602. 
END OF SECTION 
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SECTION 33 12 16 
WATER UTILITY DISTRIBUTION VALVES 


PART 1 GENERAL 
1.1 SUMMARY 


A. Section includes general information, products, and execution for water utility distribution valves. 
B. Related Sections: 


1. SECTION 01 44 33 – MANUFACTURERS’ SERVICES 
2. SECTION 09 97 13.04 – WAX TAPE COATINGS FOR THE EXTERIOR OF METALLIC PIPING SYSTEMS 
3. SECTION 40 27 95 – ELECTRIC VALVE ACTUATORS 


1.2 REFERENCES 
A. American National Standards Institute (ANSI): 


1. B16.1 – Gray Iron Pipe Flanges and Flanged Fittings 
B. American Water Works Association (AWWA): 


1. C111 – Rubber Gasket Joints for Ductile-Iron Pressure Pipe and Fittings 
2. C207 – Standard for Steel Pipe Flanges for Waterworks Service Sizes 4 Inch Through 144 Inch (100mm Through 


3.600mm) 
3. C508 – Standard for Swing-Check Valves for Waterworks Service, 2 inch Through 24 inch (50mm Through 


600mm) NPS 
4. C509 – Standard for Resilient-Seated Gate Valves for Water Supply Service 
5. C512 – Standard for Air Release, Air/Vacuum and Combination Air Valves for Waterworks Service 
6. C515 – Standard for Reduced-Wall, Resilient-Seated Gate Valves for Water Supply Service 
7. C517 – Standard for Resilient-Seated Cast Iron Eccentric Plug Valves 
8. C550 – Standard for Protective Interior Coatings for Valves and Hydrants 
9. C800 – Standard for Underground Service Line Valves and Fittings 


C. ASTM International (ASTM): 
1. A 27 – Standard Specification for Steel Castings, Carbon, for General Application 
2. A 48 – Standard Specification for Gray Iron Castings 
3. A 536 – Standard Specification for Ductile Iron Castings 
4. B 61 – Standard Specification for Steam or Valve Bronze Castings 
5. B 62 – Standard Specification for Composition Bronze or Ounce Metal Castings 
6. B 98 – Standard Specification for Copper-Silicon Alloy Rod, Bar and Shapes 
7. B 127 – Standard Specification for Nickel-Copper Alloy (UNS N04400) Plate, Sheet, and Strip 
8. B 139 – Standard Specification for Phosphor Bronze Rod, Bar, and Shapes 
9. B 164 – Standard Specification for Nickel-Copper Alloy Rod, Bar, and Wire 
10. B 194 – Standard Specification for Copper-Beryllium Alloy Plate, Sheet, Strip, and Rolled Bar 
11. B 584 – Standard Specification for Copper Alloy Sand Castings for General Applications 
12. B 763 – Standard Specification for Copper Alloy Sand Castings for Valve Applications 


D. Denver Water (DW): 
1. Engineering Standards, MS-5 – Resilient Seated Gate Valves 
2. Engineering Standards, MS-7 – Swing Check Valves 
3. Engineering Standards, MS-11 – Combination Air-Release and Vacuum Valves 1 through 4-Inch 
4. Engineering Standards, MS-12 – Cast Iron Valve Boxes 


E. NSF International/American National Standards Institute (NSF/ANSI): 
1. 61 – Drinking Water System Components – Health Effects 
2. 61, Annex G – Weighted Average Lead Evaluation Procedure to a 0.25% Lead Requirement 
3. 372 – Drinking water system components - Lead content 


F. The Society for Protective Coatings (SSPC): 
1. SP 6 – Commercial Blast Cleaning 


1.3 SUBMITTALS 
A. Shop Drawings: 


1. Product data sheets for the make and model. 
2. Complete catalog information, descriptive literature, specifications, and identification of the materials of 


construction. 
3. Factory mechanical drawings of the complete actuator assembly including the electric motor, pedestal, and rod 


extensions. 
4. Open/close and throttling sizing calculations. 
5. Maximum torque capabilities of the operator mechanism and the operating torque requirement for each valve 


under the specified operation condition. 
6. Factory electrical drawings showing the schematic representation of the complete power and control circuitry and 


wiring diagrams showing interconnections, wire designations, and terminal numbers for remote operation and 
position indication by the OWNER. 


7. Factory installation and services information giving full installation and adjustment instructions and part listings for 
field replaceable parts. 


8. Listings of normal starting and running currents and full nameplate data from the motor. 
9. Provide drawings in .dwg or .dxf electronic format. 
10. Shop and field painting systems proposed. 
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B. Quality Control Submittals: 
1. Certificate of compliance for: 


a. Gate valves in accordance with AWWA C509 or C515. 
b. Eccentric plug valves in accordance with AWWA C517. 
c. Combination air valves in accordance with AWWA C512. 


2. Tests and inspection data. 
3. Manufacturer's certificate of proper installation. 
4. Installation O&M manuals. 


1.4 QUALITY ASSURANCE 
A. Valves: 


1. Include actuators, handwheels, chain wheels, extension stems, floor stands, worm gear actuators, operating nuts, 
chains, and accessories for a complete installation in accordance with the Contract Documents. 


2. Shall be suitable for intended service; renewable parts shall not be of a lower quality than specified. 
3. Shall be the same size as adjoining pipe. 
4. Ends shall suit adjacent piping. 
5. Size actuators to operate valves for the full range of pressures and velocities. 
6. Open by turning: 


a. Clockwise to open. 
b. Recycled system valves:  Counter-clockwise to open with a pentagon wrench nut. 


7. Factory-mount actuator and accessories. 
8. Bolt holes for flanges for valves having flange insulation kits shall be 1/4 inch larger than the standard size. 


PART 2 PRODUCTS 
2.1 APPROVED MANUFACTURERS 


A. Type V104 Gate Valve: 
1. Crane Co., Cat. No. 437 
2. Stockham, B128 


B. Type V125 Resilient-Seated Gate Valve: 
1. In accordance with DW Engineering Standard MS-5 


C. Type V200 Globe Valve: 
1. Crane Co., 7TF, threaded end 
2. Stockham, B-22T, threaded end 
3. Stockham, B-24T, soldered end 


D. Type V300 Ball Valve: 
1. Apollo, 82 series 
2. Milwaukee, BA-300, threaded ends 
3. Milwaukee, BA-350, soldered ends 


E. Type V301 Ball Valve: 
1. Apollo, 71 series 
2. Milwaukee, BA100, threaded end 
3. Milwaukee, BA150, soldered ends 
4. Nibco, T-580-70 


F. Type V402 Eccentric Plug Valve: 
1. Dezurik 
2. Pratt 
3. Val-Matic 


G. Type V462 Gauge Cock: 
1. United Brass Works, Figure 973 


H. Type V464 Corporation Stop: 
1. AY McDonald 
2. Cambridge Brass  
3. Mueller Co. 
4. Ford Meter Box Co. 


I. Type V605 Check Valve: 
1. Milwaukee 
2. Stockham 


J. Type V606 Check Valve: 
1. Crane Co., Cat. No. 383 
2. Stockham, G-931 


K. Type V608 Swing Check Valve: 
1. Cla-Val Flex-Check, Model 584 
2. Val-Matic Swing-Flex, Series 500 


L. Type V609 Check Valve: 
1. Val-Matic Wafer Style Silent Check Valve, 1400 Series 


M. Type V690 Flap Gate: 
1. Rodney Hunt Co., Series FV-AC or FV-AR 
2. Waterman Industries, Inc., Model F-20 or F-25 
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N. Type V747 Combination Air Release and Air Vacuum Valve: 
1. In accordance with DW Engineering Standard MS-11 


O. Type V940 Solenoid Valve: 
1. ASCO 
2. Skinner 


P. Floor Stand and Extension Stem: 
1. Clow, Figure F-5515 
2. Mueller Co. 


Q. Floor Box and Stem: 
1. Clow, No. F5690 
2. Neenah Foundry, R 7506 


R. Chain Wheel and Guide: 
1. Clow Corp., Figure F-5680 
2. DeZurik Corp., Series W  
3. Walworth Co., Figure 804 


S. CI Valve Box: 
1. In accordance with DW Engineering Standard MS-12 


T. CI Curb Stop Valve Box:  Designed for traffic loads, adjustable screw type, with a minimum of 2 3/4-inch ID shaft. 
1. In accordance with DW Engineering Standard MS-12 


U. Gauge Cock Valves 1/8-inch to 3/8-inch: 
1. Ernst Gage Co. 
2. Lunkenheimer 


2.2 MATERIALS 
A. Brass and bronze valve components and accessories that have surfaces in contact with potable water shall be alloys 


containing less than 16% zinc and 2% aluminum and shall be certified to comply with NSF/ANSI 61, NSF/ANSI 61 
Annex G, and NSF/ANSI 372. 


B. Approved alloys are of the following ASTM designations: 
1. B 61, B 62, B 98 (Alloy No. C65100, C65500, or C66100), B 139 (Alloy No. C51000), B 584 (Alloy No. C90300 or 


C94700), B 164, B 194, B 127, and ASTM B 763 (Alloy No. C99500). 
2. Stainless steel Alloy 18-8 may be substituted for bronze. 


C. Valves: 
1. Gate valves: 


a. In accordance with DW Engineering Standard MS-5. 
b. Type V104 gate valve smaller than 3-inches:  All-bronze, screwed bonnet and ends, single solid wedge gate, 


non-rising stem, rated 300 psi SWP, 300 psi WOG. 
c. Type V125 resilient-seated gate valve 3-inches and larger for water service: 


1) Except as modified or supplemented herein, resilient-seated gate valves shall be in accordance with 
AWWA C509 or AWWA C515. 


2) Mechanical joints shall be in accordance with AWWA C111.  Tee head bolts and nuts shall be fabricated 
from a high-strength, low-alloy steel known as Cor-Ten, Usalloy, or shall be DI Durabolt. 


3) Provide handwheel for exposed valves and 2-inch wrench nuts for buried valves. 
d. Recycled water: 


1) Valve operator fitted with a pentagon wrench nut. 
2) Nut coated with epoxy, Pantone 2577U in color. 
3) Label valves and operators in vaults with inert plastic labels stating “Recycled Water Facilities” in white 


letters on purple background. 
2. Globe valves: 


a. Type V200 globe valve 3-inches and smaller:  All-bronze, union bonnet, inside screw, rising stem, PTFE disc, 
rated 150 psi SWP, 300 psi WOG. 


3. Ball valves: 
a. Type V300 ball valve, 4-inches and smaller for general water and air service:  Bronze, 3-piece, full port, blow-


out proof stem, soldered or threaded ends, RPTFE seats and packing, hand lever operation, rated 150 pound 
SWP, 600 psi WOG. 


b. Type V301 ball valve, 4-inches and smaller for general water service:  316 stainless steel body, full port, 
stainless steel ball, stainless steel seat with satellite overlay, PTFE chevron packing, stainless steel shaft, 
flanged ANSI Class 150. 


4. Plug valves: 
a. Type V402 eccentric plug valve: 


1) Except as modified or supplemented herein, eccentric plug valves shall be in accordance with AWWA 
C517. 


2) Class 150 rating, capable of bi-directional flow and shutoff. 
3) Gray or DI body and plug, Buna-N encapsulated plug, self-adjusting U-type or V-type packing, stainless 


steel shaft radial bearings, top and bottom grit seals, flanged ends. 
4) The seat shall be 99% nickel alloy, welded into the body. 
5) Flanges in accordance with ANSI B16.1, Class 125; machined to a flat surface with a serrated finish in 


accordance with AWWA C207; shall not be coated with the same coating as the body. 
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6) For valves 4-inches and larger, provide manual worm gear actuators with position indication; sized to 
actuate with a shutoff pressure differential equal to the design pressure and a flow velocity of 30 feet per 
second; furnished with handwheels unless otherwise specified or shown on the Drawings; 3-inch and 
smaller valves shall be lever-operated. 


b. Type V462 gauge cock:  1/4-inch bronze body, hexagon end pattern, tee head, female ends, rated 125 psi 
SWP. 


c. Type V464 corporation stop:  In accordance with AWWA C800 type, tapered threaded inlet, except when 
connecting to tapped fittings which require IPS tapered threads, outlet compression connection, or IPS 
threads to suit connecting pipe, rated 150 psi. 


5. Check and flap valves: 
a. Type V605 check valve 2-inches and smaller:  All-bronze, screwed ends and cap, swing type replaceable 


Buna-N disc, rated 150 psi SWP, 200 psi WOG. 
b. Type V606 check valve 2 1/2-inches through 12-inches:  Flanged end, CI body, bronze mounted swing type, 


solid bronze hinges, stainless steel hinge shaft, outside lever and weight, rated 125 psi SWP, 200 psi WOG. 
c. Type V608 swing check valve 2-inches and larger: 


1) In accordance with DW Engineering Standard MS-7. 
2) Except as modified or supplemented herein, swing check valves shall be in accordance with AWWA 


C508. 
3) Flanged ends, in accordance with ANSI B16.1, Class 125. 
4) Iron body, domed access cover. 
5) Seating surface on a 45 degree angle. 
6) Disc shall be one-piece construction, precision molded with an integral O-ring type sealing surface with 


steel and nylon reinforcement. 
7) Thirty five degree disc stroke. 
8) Internal and external epoxy-coated. 


d. Type V609 check valve, spring-loaded interval plunger:  Wafer body, bronze plunger, stainless steel spring. 
e. Type V690 flap gate: 


1) CI body, bronze mounted, flanged frame type, dual pivot-point hinge arms, hinge arms bronze, hinge pins 
Type 304 stainless steel, seat bronze and impacted into grooves in body and cover flap, lubrication 
fittings for each pivot. 


2) Type 316 stainless steel anchor bolts or CI wall thimble as shown on the Drawings. 
6. Miscellaneous valves: 


a. Type V747 combination air release and air vacuum valve, 2-inch to 6-inch: 
1) In accordance with DW Engineering Standard MS-11. 
2) General:  Except as modified or supplemented herein, valves shall be in accordance with AWWA C512. 
3) Shop assembled and shipped as a complete unit ready for field installation. 
4) Valve body and cover: 


a) The combination air valve shall be the single body type for valves 4-inch and smaller; dual body 
allowed on 6-inch valves. 


b) Maximum working pressure of 150 psi. 
c) Material shall be one of the following: 


(1) CI:  ASTM A 48, Class 35A. 
(2) Cast steel:  ASTM A 27, Grade U60-30. 
(3) DI:  ASTM A 536, Grade 65-45-12. 


5) Internal parts: 
a) Each valve shall be supplied with stainless steel trim, which includes the float, float arm, guide 


bushings, plug, and connecting hardware. 
b) Float shall be stainless steel.  Lever frame shall be Delrin.  Other internal parts shall be fabricated 


from bronze or stainless steel. 
6) Valve seat:  Buna-N or Nitrile. 
7) Size of orifices:  Small orifice minimum diameter shall be 3/32-inch for 4-inch valves and smaller and 


3/16-inch for 6-inch valves. 
8) Inlet:  2-inch valves shall be threaded; 4-inch and larger valves shall be flanged. 
9) Maximum operating pressure:  150 psig. 
10) Testing:  Each shop assembled valve shall be given a hydrostatic test of 2 times the rated operating 


pressure and during the test; air shall be injected to test the ability to release entrained air to the 
atmosphere under operating pressure. 


11) Coating:  Epoxy coating on ferrous internal surfaces and primer coating on external surfaces. 
12) Certification:  The Manufacturer shall furnish a sworn statement that the inspection and the specified tests 


have been made and the results thereof comply with the requirements of the applicable Standards herein 
specified. 


b. Type V940 solenoid valve 2-inches and smaller: 
1) Two-way internal pilot operated diaphragm type, brass body, resilient seat suitable for air or water, 


solenoid coil molded epoxy, NEMA Class A, 120 VAC, 60 Hz, unless otherwise shown on the Drawings; 
solenoid enclosure NEMA 250, Type 4 unless otherwise shown on the Drawings; size and normal 
position, OPEN or CLOSED when de-energized, as shown on the Drawings. 
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2) Minimum operating pressure differential no greater than 5 psig, maximum operating pressure differential 
no less than 125 psig. 


2.3 ACCESSORIES 
A. Actuators: 


1. General:  Valves shall be equipped with actuators.  The valve actuator types, as specified herein, describe only the 
general characteristics of the actuator.  The actuator shall be compatible with the valve with which it will be used.  
The actuator shall be sized to operate the valve for the full range of pressures and velocities imposed by the 
service. 


2. Manual actuators: 
a. Actuator force shall not exceed 80 pounds under any operating condition, including initial breakaway; supply a 


gear reduction actuator when force exceeds 80 pounds. 
b. Actuator shall be a self-locking type or equipped with a self-locking device. 
c. Position indicator on quarter-turn valves. 
d. Painted in accordance with the requirements for exposed valves. 
e. Chain wheel operator with tiebacks, extension stem, floor stands, and other accessories to permit operation 


from normal operation level. 
f. Valve handles shall be able to take wheels, a chain, and a padlock. 


3. Electric actuators:  As specified in SECTION 40 27 95. 
B. Tagging:  1/2-inch diameter heavy brass or stainless steel tag for each valve operator bearing the valve tag numbers 


shown on the Valve Schedule and the P&ID Drawing. 
C. Limit Switch: 


1. Factory-installed limit switch by the actuator Manufacturer. 
2. SPST, rated at 5 amperes, 120 VAC. 


D. Extension Bonnet for Valve Operator:  Complete with stem and accessories for the valve and the operator. 
E. Floor Stand and Extension Stem: 


1. Non-rising, indicating type. 
2. Complete with stem, coupling, handwheel, stem guide brackets, and yoke attachment. 
3. Stem guide:  Space such that stem L/R ratio does not exceed 200. 
4. Anchor bolts:  Type 304 stainless steel. 


F. Floor Box and Stem: 
1. Plain type, for support of non-rising type stem. 
2. Complete with stem, operating nut, and stem guide brackets. 
3. Stem guide:  Space such that stem L/R ratio does not exceed 200. 
4. Anchor bolts:  Type 304 stainless steel. 


G. Chain Wheel and Guide: 
1. Chain wheel direct-mount type. 
2. Complete with chain, galvanized or cadmium-plated. 


H. CI Valve Box:   
1. Designed for traffic loads, 3-piece, adjustable screw type, with minimum of 6-inch ID shaft: 


a. Box:  CI with a minimum depth of 9 inches. 
b. Lid:  CI, a minimum depth of 3 inches, marked as shown on the Drawings. 
c. Extensions:  CI. 


I. CI Curb Stop Valve Box: 
1. Designed for traffic loads, adjustable screw type, with a minimum of 2 3/4-inch ID shaft: 


a. Box:  CI with a minimum depth of 9 inches. 
b. Lid:  CI with a minimum depth of 3/4 inch marked as “WATER”. 
c. Extensions:  CI. 


J. Gauge Cock Valves, 1/8-inch to 3/8-inch: 
1. Bronze body, hexagon male and female ends and tee head. 
2. Rated for 125 psi SWP. 


2.4 FINISHES 
A. Internal Surfaces and External Surfaces of Buried Valves: 


1. Ferrous surfaces except machined or bearing surfaces. 
2. In accordance with AWWA C550. 
3. Coated with a 2-part thermosetting epoxy in 2 or more uniform coats or with fusion-bonded epoxy. 
4. MDFT 10 mil, except where limited by valve operating tolerances. 


B. External Surfaces of Exposed Valves: 
1. Preparation in accordance with SSPC SP 6. 
2. Coated with one coat of anti-corrosive epoxy primer. 
3. MDFT 3 mil. 
4. Flange faces shall be coated with rust preventative compound, Houghton Rust Veto M.P., or Rust-Oleum R-9, 


3 mil. 
5. Safety isolation valves and lockout valves with handles, handwheels, or chain wheels shall be safety yellow. 


C. Field Coating:  As specified in SECTION 09 97 13.04. 
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PART 3 EXECUTION 
3.1 INSTALLATION 


A. Flange Ends: 
1. Flanged valve bolt holes shall straddle the vertical centerline of pipe. 
2. Clean flanged faces, insert gasket and bolts, and tighten nuts progressively and uniformly. 


B. Screwed Ends: 
1. Clean threads by wire brushing or swabbing. 
2. Apply joint compound. 


C. Valve Orientation: 
1. As specified herein or as shown on the Drawings. 
2. Install the operating stem vertical when a valve is installed in horizontal runs of pipe having centerline elevations 


4 1/2 feet or less above the finished floor. 
3. Install the operating stem horizontal in horizontal runs of pipe having centerline elevations between 4 1/2 feet and 


6 3/4 feet above the finish floor. 
4. Orient the butterfly valve shaft so that unbalanced flows or eddies are equally divided to each half of the disc; 


i.e., the shaft is in the plane of rotation of the eddy. 
5. If no plug valve seat position is shown on the Drawings, locate as follows: 


a. Horizontal flow:  The flow shall produce an unseating pressure and the plug shall open into the top half of 
valve. 


b. Vertical flow:  Install seat in the highest portion of the valve. 
D. Install a line size ball valve and union upstream of each solenoid valve, in-line flow switch, or other in-line electrical 


device, excluding magnetic flow meters, for isolation during maintenance. 
E. Locate the valve to provide accessibility for control and maintenance.  Install access doors in finished walls and plaster 


ceilings for valve access. 
F. Extension Stem for Operator:  Where the depth of the valve is such that its centerline is more than 3 feet below grade, 


furnish an operating extension stem with a 2-inch operating nut to bring the operating nut to a point 6 inches below the 
surface of the ground or box cover. 


G. Torque Tube:  Where the operator for the quarter-turn valve is located on a floor stand, furnish an extension stem 
torque tube of a type properly sized for maximum torque capacity of the valve. 


H. Floor Box and Stem:  The steel extension stem length shall locate operating nut in floor box. 
I. Chain Wheel and Guide:  Install chain wheel and guide assemblies or chain lever assemblies on manually operated 


valves over 6 3/4 feet above the finished floor.  Where chains hang in normally traveled areas, use appropriate L type 
tie-back anchors. 


3.2 QUALITY CONTROL 
A. Tests and Inspections: 


1. The valve may be tested while testing pipelines or as a separate step. 
2. Test that the valves open and close smoothly with operating pressure on one side and atmospheric pressure on 


the other, in both directions for 2-way valve and applications. 
3. Inspect air and vacuum valves as the pipe is being filled to verify that venting and seating is fully functional. 
4. Count and record the number of turns to open and close the valve; account for any discrepancies with the 


Manufacturer's data. 
5. Set, verify, and record set pressures for relief and regulating valves. 


B. Manufacturer’s Field Service:  As specified in SECTION 01 44 33. 
END OF SECTION 





		33 01 10 - Abandonment of Existing Waterlines

		PART 1 GENERAL

		1.1 summary

		A. Section includes general information, products, and execution for the abandonment of existing waterlines.



		1.2 SUBMITTALS

		A. Product Data:  Specification and data sheets, including set times and strength characteristics for abandonment grout material.

		B. Special Procedure Submittals:

		1. Sequence and length of the waterlines to be abandoned.

		2. Methods and materials to isolate the waterlines to be abandoned.

		3. Means and method to demonstrate that the abandoned waterlines are filled with abandonment grout material.

		4. Grout volumes used.







		PART 2 PRODUCTS

		2.1 approved manufacturers

		A. Low Density Cellular Concrete:

		1. Mearlcrete





		2.2 materials

		A. Abandonment Grout Material:

		1. Flowing characteristics that will fill, with no space at the crown for the defined limits, the waterline to be abandoned.

		2. Initial set time of less than one day.

		3. Compressive strength, 28 day:  100 psi, minimum.

		4. Shrinkage shall not exceed 1% of the abandoned waterline diameter.  Does not cause damage to the surroundings while filling the waterline, while setting, or after setting.

		5. Cement and sand type mixture with good flowing characteristics, a low-density cellular concrete, or a fly ash based mixture.







		PART 3 EXECUTION

		3.1 RESTORATION

		A. Promptly repair damage caused to adjacent facilities by the abandonment operation as directed by the ENGINEER and at no cost to the OWNER.

		B. Remove debris resulting from the abandonment operation.  Upon the Substantial Completion date, remove materials, equipment, waste, and debris of every sort and leave the site clean and orderly.

		C. Restore the surface area to a condition compatible with the adjacent areas and in accordance with the Contract Documents.

		D. Abandonment of Pipelines:

		1. Complete new waterline Work including the installation, testing, and transfer of services before beginning abandonment Work.

		2. Access the waterline through excavated access pits.

		3. Isolate the reaches to be abandoned by the installation of bulkheads; control and monitor the amount of abandonment grout or material installed.





		3.2 QUALITY CONTROL

		A. Provide test cylinders and testing to demonstrate the strength and set time for abandonment grout material.

		B. Additional testing may be provided by the OWNER.

		C. Site Safety:

		1. Execute the abandonment with means that will prevent damage and injury to adjacent structures and prevent interference with the use of and safe and free passage to and from adjacent areas or structures.

		2. The closing or obstructing of roadways, railways, sidewalks, or passageways adjacent to the Work by the abandonment operation is not permitted without the written permission of the ENGINEER.  Erect and maintain barriers and lights around the work a...









		33 05 13 - Precast Manholes and Structures

		PART 1 GENERAL

		1.1 summary

		A. Section includes general information, products, and execution for precast manholes and structures.



		1.2 REFERENCEs

		A. American Association of State Highway and Transportation Officials (AASHTO):

		1. Standard Specifications for Highway Bridges



		B. American Concrete Institute (ACI):

		1. 318 – Building Code Requirements for Structural Concrete and Commentary

		2. 350 – Code Requirements for Environmental Engineering Concrete Structures and Commentary



		C. ASTM International (ASTM):

		1. A 48 – Standard Specification for Gray Iron Castings

		2. A 536 – Standard Specification for Ductile Iron Castings

		3. C 150 – Standard Specification for Portland Cement

		4. C 478 – Standard Specification for Precast Reinforced Concrete Manhole Sections

		5. C 497 – Standard Test Methods for Concrete Pipe, Manhole Sections, or Tile

		6. C 990 – Standard Specification for Joints for Concrete Pipe, Manholes, and Precast Box Sections Using Preformed Flexible Joint Sealants



		D. Denver Water (DW):

		1. Engineering Standards, MS-33 – Manhole Rings, Covers, and Risers





		1.3 SUBMITTALS

		A. Concrete mix design, base sections, riser sections, eccentric and concentric conical top sections, flat slab tops, subdecks, manhole platforms, grade rings, manhole frame and cover, sectional plans and elevations showing dimensions and reinforcing ...

		B. Structural design calculations and drawings that are prepared, stamped, and signed by a Professional Engineer registered in the State of Colorado.

		C. Pipe connections to the manholes.

		D. Manhole steps including the method of installation and the Manufacturer’s certification of compliance with the pull-out resistance test as specified in this Section.

		E. The repair method for minor damage to precast concrete sections.

		F. Concrete test cylinder reports from an independent testing laboratory certifying conformance with this Section.

		G. Joint sealant data sheets.



		1.4 QUALITY ASSURANCE

		A. Materials shall be new and unused.

		B. The quality of materials, manufacturing process, and finished sections are subject to inspection and approval by the OWNER and the ENGINEER.  Inspections may be made at the place of manufacture or at the Work site following delivery.

		C. The materials will be examined for compliance with ASTM specifications, the Contract Documents, and the approved Manufacturer’s drawings.  Additional inspection criteria may include appearance, dimensions, blisters, cracks, and soundness.

		D. The OWNER or the ENGINEER will reject materials for failure to meet any specification requirement.  Rejection may occur at the place of manufacture, at the Work site, or following installation.  Mark and identify rejected materials and immediately ...

		E. Repair minor damage to precast concrete sections by Manufacturer-approved methods, if the repair is approved by the OWNER or the ENGINEER.





		PART 2 PRODUCTS

		2.1 approved manufacturers

		A. Precast Concrete Manhole:

		1. Colorado Precast Concrete

		2. Copeland Precast, Inc.

		3. Oldcastle Precast, Inc.

		4. Firebaugh Precast

		5. Rinker Materials



		B. Precast Concrete Structures:

		1. Colorado Precast Concrete

		2. Copeland Precast, Inc.

		3. Oldcastle Precast, Inc.

		4. Firebaugh Precast

		5. Rinker Materials



		C. Manhole Frame and Cover:  In accordance with DW Engineering Standard MS-33

		D. Manhole Steps or Rungs:  M.A. Industries, No. PS2-PFS

		E. Preformed Flexible Joint Sealant:

		1. Hamilton-Kent, Kent Seal No. 2

		2. Henry Company, Ram-Nek



		F. Pipe Penetrations:

		1. Waterplug

		2. Embeco

		3. Flexible sleeve:  Press-Seal, PSX Gasket

		4. Compression seal assembly:  Link-Seal

		5. Compression gasket:  A-LOK





		2.2 Materials

		A. General:

		1. Reference to a Manufacturer’s name and model or catalog number is for the purpose of establishing the standard of quality and the general configuration desired.

		2. Like items of materials or equipment shall be the end products of one Manufacturer to provide a standardization of appearance, operation, maintenance, spare parts, and the Manufacturer’s service.

		3. Provide lifting lugs or holes in each precast section for proper handling.



		B. Precast Concrete Manhole Sections:

		1. Precast concrete riser sections, transition top sections, flat slab tops, and grade rings shall be in accordance with ASTM C 478 and the following requirements:

		a. Flat top covers shall be used where shown on the Drawings or where the manhole rim to the top of the pipe is 8 feet or less.

		b. Tongue and groove joints for riser sections, transition top sections, and flat slab tops.

		c. Adjustable grading rings. Concrete. 3-inch, 4-inch, or 6-inch.

		d. Sections shall be cured by an approved method.

		e. Design criteria shall be as follows:

		1) Minimum AASHTO H-20 and HL-93 loading plus the earth load.

		2) Calculate the earth load with a unit weight of 130 pcf.

		3) Lateral soil pressure based on saturated soil producing 100 pcf/ft acting on an empty manhole.

		4) Internal fluid pressure based on a unit weight of 63 pcf with the manhole filled from invert to cover with no balancing external soil pressure.

		5) Dead load of manhole sections fully supported by the base and transition.

		6) Provide additional reinforcing steel in walls and slabs to transfer stresses and openings.

		7) The minimum clear distance between the edges of any 2 wall penetrations shall be 12 inches or 1/2 the diameter of the smaller penetration, whichever is greater.



		f. Mark the date of manufacture, the Manufacturer’s name, and the Manufacture’s trademark on the inside and outside of each precast section.

		g. Ship precast concrete sections after concrete has attained 3,000 psi compressive strength.





		C. Precast Concrete Structures:

		1. Precast reinforced concrete structures include vault structures with integral base and top slabs.

		2. Notify the OWNER and the ENGINEER in writing at least 5 days prior to placing concrete during the manufacturing process.  The OWNER or the ENGINEER may inspect the reinforcing steel placement prior to placing concrete.

		3. Design criteria:

		a. Precast concrete:

		1) Minimum compressive strength:  5,000 psi.

		2) Maximum water content:  6 gallons per 94 pound sack of cement.

		3) Minimum cement content:  Six 94 pound sacks of cement per cubic yard of concrete.

		4) Cement:  Type I or II portland cement in accordance with ASTM C 150.



		b. Manufactured products:

		1) In accordance with ACI 318 and ACI 350.

		2) Analyze walls and slabs using accepted engineering principals.

		3) When fy exceeds 40,000 psi fs shall not exceed 50% of fy.

		4) Design products to support their own weight, weight of soil at 130 pcf, and a live load equal to AASHTO HS-20 and AASHTO HL-93 applied to top slab.

		5) Cast base slab and walls together to form a monolithic base section.

		6) Design structure walls for a water pressure assuming groundwater level at ground surface; originate the pressure diagram at finished ground surface; include lateral pressure from vehicles in accordance with AASHTO Standard Specifications for Highwa...

		7) Consider discontinuities in the structure produced by openings and joints; provide additional reinforcing around openings; frame openings to carry full design loads to support walls.

		8) Locate horizontal wall joints at an 18 inch minimum distance from the horizontal centerline of wall openings.

		9) Design the structure with a minimum number of joints; the maximum number of structure sections including the top slab shall be 4.

		10) Provide lifting hooks for the top slab.









		2.3 accessories

		A. Manhole Frame and Cover:

		1. In accordance with DW Engineering Standard MS-33.

		2. Good quality, strong, tough, even grained CI, smooth, free from scale, lumps, blisters, sand holes, and defects of any kind that render the product unsuitable for the service for which it is intended; machined to a true surface; thoroughly cleaned ...

		3. Ring:  CI in accordance with ASTM A 48, Class 35B or better.

		4. Cover:  Ductile iron, in accordance with ASTM A 536, Grade 60-40-18 or better.

		5. Designed for AASHTO H-20 and AASHTO HL-93 loading.

		6. Nominal size:  24-inch diameter; cover shall weigh approximately 165 pounds; frame (ring) shall weigh approximately 240 pounds.

		7. The cover shall contain the OWNER’s name, Denver Water, in 1 1/2-inch high lettering that is centered and recessed on the exposed face.

		8. Stamped with the Manufacturer’s name and model identification.

		9. Recycled piping manhole lids:

		a. Coated with fusion-bonded epoxy, 20 mils minimum, Pantone 2577U in color.

		b. Lids shall be labeled Recycled Water.





		B. Manhole Steps or Rungs:

		1. Comprised of 1/2-inch grade 60 steel reinforcement rod encased in PP co-polymer plastic with a tread width of 14-inches.

		2. Furnish horizontal and vertical load test results in accordance with ASTM C 478 and ASTM C 497.







		PART 3 EXECUTION

		3.1 erection

		A. Jointing Precast Manhole Sections and Structures:

		1. Seal tongue and groove joints with preformed flexible joint sealant.

		2. Completed joint shall withstand 15 psi internal water pressure without leakage or the displacement of sealant.

		3. In accordance with ASTM C 990.

		4. Joint sealant:

		a. Packaged in extruded preformed rope shapes of proper size to completely fill the joint when completely compressed.

		b. Protected by a suitable, renewable 2-piece wrapper that may be removed as the material is applied to the joint without disturbing the other wrapper.







		3.2 INSTALLATION

		A. Pipe Penetrations:

		1. Perform pipe penetrations shown on the Drawings through the manhole or the vault sections in the following manner:

		a. Modular mechanical seal:  Integrally cast the sleeve in the precast manhole or the vault section or install the sleeve in a form or cored opening.  Install pipe through the sleeve.  Wrap the assembly around the pipe and connect the first and the la...

		b. Grout in place:  The precast manhole or the vault section shall have a formed, tapered circular opening larger than the outside diameter of the pipe.  Plastic pipe shall have a waterstop gasket secured to the pipe with a stainless steel clamp.  Gro...

		c. Flexible sleeve:  Integrally cast the sleeve in the precast manhole or the vault section or install the sleeve in a form or cored opening.  Fasten pipe in the sleeve with stainless steel clamps.  Coat stainless steel clamps with bituminous material...

		d. Compression gasket:  Integrally cast the compression gasket in the precast manhole or the vault section.  Insert pipe into the compression gasket.  Compression gaskets shall be tested and approved by the PVC pipe Manufacturer.





		B. Manhole and Structure:

		1. Transport and handle precast concrete sections in accordance with the Manufacturer’s instructions.  Use lifting devices where provided in the precast sections.  Follow the Manufacturer’s instructions for lifting procedures when lifting devices are ...

		2. Assemble and place buried precast concrete structures in properly excavated and compacted soil foundations.  Set precast concrete structures to grade and oriented to provide the required dimensions and clearances from pipes and other structures.

		3. Prevent flotation, with ground water level at finished ground surface, by dead weight of the structure and soil load above the structure; do not consider the skin friction, the soil friction, or the weight of equipment in the structure.  Protect Wo...

		4. Place the manhole base on a bed of 12-inches of screened gravel.  Set the manhole base grade so that a maximum grade adjustment of 12 inches is required to bring the manhole frame and cover to the final grade.

		5. Use precast concrete grade rings and nonshrink mortar to adjust the manhole frame and the cover to the final grade.

		6. Set precast concrete barrel sections and structures plumb within 1/4 inches.  Seal the joints of precast barrel sections with preformed flexible joint sealant in a sufficient quantity to fill 75% of the joint cavity.  Fill the inside joint with non...

		7. Where required, core holes in precast sections to accommodate pipes prior to setting manhole sections in place and prevent loosening of the joints.

		8. Plug holes in the concrete barrel sections that are required for handling with a nonshrink grout or nonshrink grout in combination with concrete plugs; finish flush on the inside.

		9. Allow joints to set for 12 hours before backfilling unless a shorter period is approved by the ENGINEER.



		C. Manhole Step:

		1. Preform holes for manhole steps during casting of the riser and cone sections using tapered form pins specifically made for preforming manhole rungs.

		2. Drive manhole steps into preformed holes after concrete has developed a compressive strength of 3,000 psi.

		3. Alternatively, cast manhole steps into riser and cone sections when concrete is placed.

		4. Drilling holes for manhole steps may be used to accommodate field conditions when approved by the ENGINEER.  Drill holes shall be of the diameter, spacing, and depth required by the manhole step Manufacturer.

		5. Install steps at 12 inches on centers vertically, not more than 1/2 inch out of plumb.  The top step shall be 18 inches to 24 inches below the manhole cover.



		D. Manhole Frame and Cover:

		1. Utilize precast concrete extension collars to ensure that the frame and the cover are set to the finished grade.  Concrete extension collars shall make up the riser section providing the riser section does not exceed 12 inches vertically.  Set the ...

		2. Extension collars shall be securely attached to the manhole riser section with a nonshrink grout bed and plastic joint sealing compound in the pavement or with a concrete collar in unpaved areas.



		E. Manhole Pipe Connections:  Connect pipe to manholes and structures with the connectors shown on the Drawings.  Close or seal pipes for future connections with a gasketed watertight plug.



		3.3 Quality COntrol

		A. Manhole and Structure Testing:  The ENGINEER will visually inspect manholes and structures for potential leaks before backfilling is allowed.  Seal joints to the satisfaction of the ENGINEER.



		3.4 CLEANING

		A. Clean new manholes of silt, debris, and foreign matter of any kind prior to final inspections.







		33 05 15 - Reinforced Concrete Storm Drainage Pipe

		PART 1 GENERAL

		1.1 SUMMARY

		A. Section includes general information, products, and execution for reinforced concrete storm drainage pipe.



		1.2 REFERENCES

		A. ASTM International (ASTM):

		1. C 76 – Standard Specification for Reinforced Concrete Culvert, Storm Drain, and Sewer Pipe

		2. C 443 – Standard Specification for Joints for Concrete Pipe and Manholes, Using Rubber Gaskets





		1.3 submittals

		A. Product Data:  The Manufacturer’s literature for gaskets and ancillary items.

		B. Shop Drawings:

		1. Dimensional drawings of pipe, joints, and fittings.

		2. A pipe laying diagram corresponding to dimensional drawings.



		C. Quality Control Submittals:  Materials list for concrete and reinforcing steel.



		1.4 DELIVERY, STORAGE, AND HANDLING

		A. Prevent damage to materials during loading, transportation, and unloading.





		PART 2 PRODUCTS

		2.1 materials

		A. Concrete Pipe:  In accordance with ASTM C 76, Class IV, Wall B, Type R-4 joint with O-ring gasket.

		B. O-ring gasket shall be in accordance with ASTM C 443.





		PART 3 EXECUTION

		3.1 INSTALLATION

		A. General:

		1. Install pipe to the elevation, grade, and locations shown on the Drawings.

		2. Inspect pipe before installation; correct defects.  Mark defective materials with black paint and promptly remove them from the site.

		3. Lay pipe beginning at the low point of the system, true to the grades and alignment shown on the Drawings, with unbroken continuity of invert.

		a. Place bells facing upstream.

		b. Lay pipe to slope gradients shown on the Drawings with maximum variation from true slope of 1/8 inch in 10 feet.

		c. Install pipe and fittings in accordance with the Manufacturer's instructions; seal joints watertight.





		B. Cleaning Pipe:

		1. Clear the pipe interior of dirt and other debris as Work progresses.

		2. Place plugs in the ends of uncompleted pipe at the end of the day or whenever work stops for more than one hour.





		3.2 QUALITY CONTROL

		A. Interior Inspection:

		1. Inspect piping to determine if line displacement or other damage has occurred.

		2. Make inspections after the lines between manholes or manhole locations are installed and approximately 2 feet of backfill is in place.  Re-inspect 5 days prior to the Substantial Completion date.

		3. If the inspection indicates poor alignment, debris, displaced pipe, infiltration, or other defects, correct such defects and re-inspect.



		B. Testing:

		1. Hydrostatic test for gravity piping:

		a. Testing equipment accuracy:  ±1/2 gallon of water leakage under specified conditions.

		b. Maximum allowable leakage:  0.16 gallon per hour per inch of diameter per 100 feet.

		c. Gravity storm sewer piping:  Test with 15 feet of water including the highest horizontal vent in the filled piping.  Where vertical drain and vent systems exceed 15 feet in height, test systems in 15 foot vertical sections as the piping is installed.

		d. Exfiltration test:

		1) Hydrostatic head:  No less than 6 feet above the inside top of the highest section of pipe in the test section.

		2) Length of pipe tested:  Limit length such that pressure on the invert of the lower end of the section does not exceed 30 feet of WC.



		e. Piping with the groundwater infiltration rate greater than the allowable leakage rate for hydrostatic testing will be considered defective even if the pipe previously passed a pressure test.

		f. Defective piping sections:  Replace or test and seal individual joints; retest until joint passes.











		33 05 23.15 - Horizontal Directional Drilling

		PART 1 general

		1.1 summary

		A. Section includes general information, products, and execution for HDD.

		B. Related Sections:

		1. SECTION 33 11 15 – PVC PIPE FOR HORIZONTAL DIRECTIONAL DRILLING





		1.2 REferences

		A. ASTM International (ASTM):

		1. A 519 – Standard Specification for Seamless Carbon and Alloy Steel Mechanical Tubing





		1.3 Definitions

		A. HDD:  A trenchless methodology of installing pipe that consists of 3 main steps: piloting (drilling of a pilot hole), reaming (pilot hole enlargement), and pullback (installation of the carrier pipe).



		1.4 Submittals

		A. Product Data:  The Manufacturer’s literature on drilling and mud system equipment, bentonite slurry, and guidance system.

		B. Shop Drawings:

		1. Pilot bore plan:

		a. Horizontal scale:  One inch = 20 feet.

		b. Vertical scale:  One inch = 2 feet.

		c. Existing utilities and proposed clearances.

		d. Deflection and radius of pilot bore.

		e. Bore entry/exit points and angles.

		f. Confirm the alignment and elevation of critical utilities by potholing, using a vacuum excavator, or using other suitable excavation equipment.





		C. Quality Control Submittals:

		1. SDS of potentially hazardous substances to be used.

		2. Environmental protection and contingency plan for spilled material.



		D. As-Built Information:

		1. Daily drill log.

		2. As-Built profile of pipe bore on scaled drawing.

		3. Tabulations of the vertical and horizontal alignments of bore.





		1.5 Quality assurance:

		A. Qualifications:

		1. Drilling crew personnel shall have at least 2 years directional drilling experience with the rig and the guidance system being used.

		2. Guidance system operators shall have experience in its set-up, calibration, and use.







		PART 2 products

		2.1 materials

		A. Pipe:  As specified in SECTION 33 11 15.

		B. Tracer Wire:

		1. Using 2-inch wide PVC tape, attach #12 AWG solid copper with 0.03-inch blue PE insulation to pipe.

		2. Tracer wire shall be run to a test station.  The location of the test station shall be approved by the ENGINEER.



		C. Drilling Equipment:

		1. General requirements:

		a. Sufficient capacity to perform the bore and pullback the pipe.

		b. Good working order.

		c. The supplies, facilities, equipment, and materials to perform Work.



		2. Drill rig:

		a. Hydraulic powered system.

		b. Shall rotate and push hollow drilling pipe into the ground at a variable angle while delivering a pressurized fluid mixture to a guidable drill head.

		c. Anchored to withstand the pulling, pushing, and rotating pressure required to complete installation.

		d. Self-contained with sufficient pressure and volume to power the drilling operations.

		e. Leakage free.

		f. Monitors and records maximum pullback pressure during pullback operations.

		g. Detects electrical current from the drill string with an automatic, audible alarm.



		3. Drill head:  Steerable; containing cutting surfaces and drilling fluid jets.

		4. Mud motors:  Adequate power to turn required drilling tools.

		5. Drill pipe:

		a. High-quality Material Grade 4130 seamless tubing, in accordance with ASTM A 519.

		b. Threaded box and pins.

		c. Tools joints hardened from 32 RC to 36 RC (Rockwell C scale).





		D. Guidance System:

		1. General:

		a. Provides a continuous location of the drill head during the drilling operation.

		b. Tracks at depths up to 50 feet in any soil condition.

		c. Enables the driller to guide the drill head by providing information on the tool face, azimuth, and inclination.

		d. Accurate to within 2 feet horizontally.



		2. Guidance options:

		a. Electronic walkover tracking system.

		b. MGS probe.

		c. Proven gyroscopic probe and interface.





		E. Drilling Fluid System:

		1. Mixing system:

		a. Self-contained.

		b. Mixes fluid thoroughly to avoid clumping.

		c. Continually agitates fluid during drill operations.

		d. Minimum 1,000 gallon reservoir.



		2. Drilling fluid:

		a. Bentonite drilling mud.

		b. Recommended minimum viscosities for soil types as measured by a marsh funnel:



		3. Delivery system:

		a. Minimum capacity of 35 gpm to 500 gpm.

		b. Delivers the drilling fluid at a constant minimum pressure of 1,200 psi.

		c. In-line filters to prevent solids from being pumped into the drill pipe.



		4. Recovery system:  Pumps or vacuum truck(s) of sufficient size to convey drilling fluid from containment areas to storage and recycling facilities or for disposal.







		PART 3 execution

		3.1 General

		A. Superintendent shall be present at the jobsite during the directional bore operation.



		3.2 preparation

		A. Calibration of Guidance System:

		1. Demonstrate to the ENGINEER that the system has been calibrated in accordance with the Manufacturer’s instructions.

		2. Obtain an accuracy range within one inch of actual position.

		3. Consider geo-magnetic anomalies and their influence on the operation of the system.



		B. Fluid Containment:

		1. Construct a minimum 12-inch high berm around the drilling fluid mixing system, entry and exit pits, and drilling fluid recycling system.

		2. Install holding tanks or pits to contain drilling fluids and loose cuttings for recycling or disposal.

		3. Prevent drilling fluids from entering unapproved areas and waterways.

		4. Properly dispose of drilling fluid.



		C. Drill Path Survey:

		1. Survey the entire drill path.

		2. Place entry and exit stakes in the appropriate locations.

		3. If using a MGS, the drill path shall be surveyed for surface geo-magnetic variations or anomalies.





		3.3 installation

		A. Operation:

		1. General:

		a. Maintain proper alignment and elevation of the bore hole throughout the directional drilling operation.

		b. Conform to the requirements of applicable permits.

		c. Determine drilling length and equipment pull strength for the type of soil encountered.

		d. Notify the ENGINEER in writing when forward motion is stopped by obstructions.



		2. Pilot bore:

		a. Angle the entry hole so that curvature of the pilot bore does not exceed the Manufacturer’s allowable bend radius for PVC pipe.

		b. Monitor the horizontal and vertical drilling head location.

		c. Record the location of the drill head after the advancement of each successive drill pipe at a maximum of 10 foot intervals.

		d. Provide the ENGINEER with a plot of drill head locations on a scaled drawing and tabulations of horizontal and vertical alignments.

		e. Do not allow the deflection radius of the drill pipe to exceed the Manufacturer’s bend limits of PVC pipe.

		f. Tolerances for pilot hole:

		1) Vertical alignment:  ±0.5 feet.

		2) Horizontal alignment:  ±1.0 feet.



		g. Submit a copy of As-Built pilot bore records to the ENGINEER.

		h. The location of the pilot hole shall be approved by the ENGINEER prior to reaming.



		3. Bentonite slurry:

		a. Maintain bentonite slurry to stabilize the open bore hole and reduce drag on the pipeline.  Pump through the inside diameter of the drill rod and through openings in the reamer.

		b. Drilling slurry shall be in a homogeneous/flowable state serving as an agent to carry the loose cuttings to the surface through the annulus of the borehole.

		c. Calculate the volume of bentonite mud required for each pullback based on soil conditions, pipe diameter, mud pump capacity, and pullback speed.

		d. Contain bentonite slurry at the entry or exit side of the directional bore in pits or in holding tanks.

		e. Recycle slurry as practicable.

		f. Drill fluid loss:

		1) Cease drilling.

		2) Wait at least 30 minutes.

		3) Inject a quantity of drilling fluid with a viscosity exceeding 120 seconds, as measured by a marsh funnel.

		4) Wait another 30 minutes; determine if loss continues.

		5) If loss continues, discuss additional options with the ENGINEER; proceed accordingly.





		4. Pipe:

		a. Provide swivel to the reaming assembly/pull section of the pipe to minimize torsional stress.

		b. Protect the pull section of the pipe during pullback so it moves freely.

		c. Pull the detection wire along with the pipe (PVC pipe only).

		d. Allow the pull section of the pipe to extend past the termination point.

		e. Extend tracer wire into locator stations at each end of the pipe.  Tracer wire shall be adequately secured to the pipe prior to the pullback operation (PVC pipe only).

		f. Reaming:

		1) Increase the size of the pilot hole diameter with a reamer.

		2) Select the reamer based on soil conditions.

		3) Ream the final opening no larger than 1 1/2 times the outside diameter of the pipe being installed.





		5. Connections:

		a. Allow the pipe to reach the soil temperature.

		b. Make tie-ins one day or more after pipe pullback.







		3.4 restoration

		A. Dispose of drilling mud and cuttings at an approved disposal site.

		B. Remove construction-related debris.

		C. Restore site to original grade.

		D. Backfill bore pits.







		33 05 23.16 - Utility Pipe Tunnels

		PART 1 GENERAL

		1.1 SUMMARY

		A. Section includes general information, products, and execution for utility pipe tunnels.

		B. Related Sections:

		1. SECTION 01 33 00 – SUBMITTAL PROCEDURES

		2. SECTION 05 05 26 – WELDING

		3. SECTION 31 23 19 – DEWATERING

		4. SECTION 31 23 24 – TRENCH BACKFILL

		5. SECTION 31 73 00 – TUNNEL GROUTING





		1.2 REFERENCES

		A. American Society of Mechanical Engineers (ASME):

		1. Pressure Vessel Code



		B. American Water Works Association (AWWA):

		1. C206 – Standard for Field Welding of Steel Water Pipe



		C. American Welding Society (AWS):

		1. D1.1 – Structural Welding Code – Steel



		D. ASTM  International (ASTM):

		1. A 123 – Standard Specification for Zinc (Hot-Dip Galvanized) Coatings on Iron and Steel Products

		2. A 139 – Standard Specification for Electric-Fusion (Arc)-Welded Steel Pipe (NPS 4 and Over)

		3. A 153 – Standard Specification for Zinc Coating (Hot-Dip) on Iron and Steel Hardware

		4. A 307 – Standard Specification for Carbon Steel Bolts, Studs, and Threaded Rod 60,000 PSI Tensile Strength

		5. D 638 – Standard Test Method for Tensile Properties of Plastics

		6. D 648 – Standard Test Method for Deflection Temperature of Plastics Under Flexural Load in the Edgewise Position

		7. D 790 – Standard Test Methods for Flexural Properties of Unreinforced and Reinforced Plastics and Electrical Insulating Materials





		1.3 Definitions:

		A. Carrier Pipe:  Pipe, inserted within casing pipe, which acts as a conveyor of liquid.

		B. Casing Pipe:  An outer sleeve, installed by trenchless or open-cut methods.

		C. Receiving Pit:  The pit located at the end of casing pipe, remote from the launching pit, at the point where carrier pipe emerges from casing pipe.

		D. Launching Pit:  The pit where tunneling equipment is installed, and where casing pipe and carrier pipe are launched.



		1.4 SUBMITTALS

		A. Product Data:  The Manufacturer’s literature on casing pipe, casing spacers, carrier pipe, casing end seals, and related appurtenances.

		B. Shop Drawings:  Casing pipe, liner plate, skid system casing spacers, carrier pipe, casing end seals, and related appurtenances.

		C. Quality Control Submittals:

		1. Submit a lay schedule showing stationing, elevation, casing pipe lengths, and wall thickness.  Submit proposed methods for steel casing pipe, including the CONTRACTOR’s proposed method for continuously monitoring the line and grade of casing pipe. ...

		2. Five recent references and similar casing installations of casing pipes 18-inches in diameter or greater with a minimum length of 100 feet.  Reference Submittals shall include detailed information on the types of soils encountered within the bore p...





		1.5 quality assurance

		A. System Description:  The completed installation shall be suitable for transporting water without affecting the stability and integrity of the overlying roadway, railway, runway, or waterway.

		B. Steel casing pipe shall be the product of a single domestic Manufacturer; it shall be tested and inspected at the Manufacturer’s site as required by the manufactured material specifications.  Submit sworn certificates of tests, results, and satisfa...

		C. Pipe may be inspected by an independent laboratory selected by the OWNER; the Manufacturer’s cooperation is required.  The cost of any inspection of approved pipe requested by the OWNER will be borne by the OWNER.  The cost of inspection of any dis...

		D. Welders shall be certified in accordance with AWS.  Submit current certifications prior to the start of field work as specified in SECTION 05 05 26.

		E. Project Requirements:

		1. Discharge from dewatering operations shall be directed into approved receiving basins as specified in SECTION 31 23 19.

		2. Provide maintenance of traffic; establish and maintain safety procedures in road, railway, and ditch right-of-ways during the operation.

		3. Inspect locations where operations are to be conducted and casing pipe is to be installed.  Verify conditions under which Work shall be performed.  Provide necessary details for the orderly installation of Work whether or not shown or specified in ...

		4. Work nights and weekends, if required, to complete Work.  Request and obtain written authorization in accordance with the General Conditions prior to working nights and weekends.

		5. The method of installation used shall not result in measurable settlement, movement, or cracking of existing structures, buried facilities, irrigation channels, or adjacent roadways and railways.  If movement or settlement occurs that causes or may...

		6. Existing structures, buried facilities, irrigation channels, railways, and roadways damaged by operations shall be repaired or replaced as necessary to restore them to a proper condition, at the CONTRACTOR’s expense.



		F. The use of a Manufacturer’s name and model or catalog number is for the purpose of establishing the standard of quality and general configuration desired.



		1.6 DELIVERY, STORAGE, AND HANDLING

		A. Care shall be taken in loading, transporting, and unloading to prevent damage to pipe or coatings.  Pipe shall not be dropped.  Repair any damage to pipe coatings.

		B. Pipe and materials shall be carefully handled to protect against damage to lining and coating and interior and exterior surfaces, impact shocks, and free fall.  Pipe handling equipment shall be acceptable to the ENGINEER.  Pipe shall not be placed ...

		C. Inspect each pipe to ensure there are no damaged portions.  Remove or smooth out burrs, gouges, weld splatter, or other small defects prior to laying.



		1.7 SITE CONDITIONS

		A. The anticipated geologic conditions are described in the GBR.  Methods may include, but are not limited to, tunnel boring machine, microtunneling, auger boring, or open face manual excavation.





		PART 2 productS

		2.1 approved manufacturers

		A. Casing Spacers (Skids) and Insulators:

		1. Advanced Products & Systems, Inc.

		2. CCI Pipeline Systems

		3. Pipeline Seal and Insulator, Inc.



		B. Casing Joints:

		1. Permlok Corporation, Permlok interlocking pipe system



		C. End Seals:

		1. Pipeline seal and Insulator Company, Model C





		2.2 materials

		A. Steel Casing Pipe:

		1. Steel casings shall be leak-proof and in accordance with ASTM A 139, Grade B.  Steel casing pipe shall have a minimum yield strength of 35,000 psi and shall be designed to withstand Cooper E-80 live loading with diesel impact.

		2. The inside diameter of casing pipe shall be large enough to allow carrier pipe to be installed with casing skids and joint restraint without disturbing casing pipe, adjacent subgrade, or adjacent facilities and structures.

		3. Casing pipe shall have the minimum nominal diameter and wall thickness shown on the Drawings and listed below:

		4. Joints:

		a. Butt-welded.

		b. Permalok.



		5. Grout ports:  2-inch standard pipe IP threaded half couplings welded to the casing pipe, and fitted with threaded galvanized iron plugs.



		B. Casing Spacers (Skids) and Insulators:

		1. Band:  14 gauge hot-rolled and pickled mild steel coated with a 10 to 16 mil fusion-bonded PVC coating.

		2. Non-conductive PVC liner:

		a. Thickness:  0.090-inches minimum.

		b. Hardness: Shore durometer A 85 to A 90.

		c. Dielectric strength:  60 kV minimum.

		d. Surge test, 1/8-inch:  58 kV minimum, step-by-step test.

		e. Water absorption:  1% maximum.



		3. Risers:  10 gauge steel MIG welded to band.

		4. Ultra-high molecular weight polymer glass-reinforced runners with high abrasion resistance and low coefficient of friction meeting the following properties:

		a. Tensile strength in accordance with ASTM D 638:  17,600 psi, minimum.

		b. Flexural strength in accordance with ASTM D 790:  25,300 psi, minimum.

		c. Compression strength in accordance with ASTM D 648, 10% deformation:  18,000 psi, minimum.

		d. Deflection temperature at 264 psi in accordance with ASTM D 648:  405 F.



		5. Studs, nuts, and washers:

		a. Studs:  5/16-inch, 18-inch by 2 1/2-inch 18-8 stainless steel.

		b. Hex nuts:  5/16-inch stainless steel.

		c. Washers:  5/16-inch SAE 2330 stainless steel.



		6. Width: 12-inch.



		C. End Closure:  Custom pull-on casing seals.

		D. Liner Plate:

		1. Plates:  Accurately curved to comply with tunnel cross-section and all dimensions of such size and accuracy so that plates of similar curvature will be interchangeable.

		2. Connections:  Bolts on both the longitudinal and circumferential joints.  Bolts and nuts shall not be less than 5/8-inch diameter and in accordance with ASTM A 307, Grade A, and hot-dip galvanized in accordance with ASTM A 153.

		3. Zinc coating:  Minimum of 2 ounces per sf foot surface material on all sides in accordance with ASTM A 123.

		4. Grout ports:  2 standard pipe IP threaded half couplings welded into a hole in the center corrugation and fitted with threaded plugs.  Locate grout ports at a minimum of every 4 feet along pipeline alternating top of pipe and pipe springline.

		5. Loading:  Soil and HS-20 traffic loading or Cooper E-80 as applicable.







		PART 3 EXECUTION

		3.1 general

		A. Furnish labor, materials, equipment, and incidentals required to install casing pipe and carrier pipe at the locations shown on the Drawings.

		B. Work shall include, but not be limited to, steel casing pipe, liner plate, casing spacers, carrier pipe, casing seals, coatings, location markers, and miscellaneous appurtenances as required.

		C. Sending and receiving shaft shoring designs and liner plate designs, if liner plate is used, shall be prepared, stamped, and signed by a Professional Engineer registered in the State of Colorado.

		D. Provide special insurance, traffic control, flaggers, and any other requirements imposed by the owner of the right(s)-of-way over Work.



		3.2 PREPARATION

		A. Subgrades shall be kept continuously free from ground and surface waters during casing and carrier pipe installation.  Additional groundwater controls may be ordered on short notice; implement as directed.  Observed water levels prior to the Work s...

		B. Earthwork operations including, but not limited to, trench excavation, pit excavation, pipe bedding, trench backfill, and compaction required for the installation of casing pipe shall be performed as specified in SECTION 31 23 24.  Pipe shall be la...



		3.3 installation

		A. Trenchless Methods:

		1. Excavate the launching pit; furnish excavation supports as required.  Excavation support shall extend a sufficient depth below the invert of the steel casing pipe to resist any pressure developed by the soil outside the launching pit.

		2. Provide a level concrete slab or level stable gravel surface at the bottom of the launching pit.  Steel rails or beams may be embedded in the concrete slab to aid in the placement and alignment of casing pipe or carrier pipe during installation ope...

		3. Furnish, install, and remove thrust blocks or similar features as may be required in driving casing pipe or carrier pipe forward.

		4. Pothole utility crossings in advance of the installation of casing pipe to determine their exact locations; verify there are no conflicts with the boring and jacking operation.  Damages and costs that may be realized by the failure to locate and pr...

		5. Maintain proper alignment and elevation of the casing pipe consistently throughout the tunneling operation.  The proposed method shall provide the capability to control the line and grade of the casing pipe during the operation to ensure installati...

		6. Tolerances for the installation of casing pipe:

		a. Vertical alignment:  ±3 inches; select casing pipe diameter that is sufficiently large to compensate for off grade installation.

		b. Horizontal alignment:  ±3 inches.



		7. Installation of the casing pipe shall be continuous; take precautions to avoid interruptions that may cause the pipe to freeze in place.

		8. Dewatering through the casing pipe during construction is not permitted.

		9. Steel casing pipe sections shall have one end square and one end beveled with a single v-groove and full penetration butt-welded on the outside of the casing.  Prior to butt-welding, the pipe and the pipe joint shall be properly positioned using li...

		10. Jacking shall be performed in a manner that prevents voids from developing outside the jacking sleeve. A jacking shield shall be used to minimize the amount of voids produced during excavation in the forward end of the jacking sleeve.  If the jack...

		11. Install in such a manner as to ensure exterior voids are filled after completion.  Provide grout holes and fill voids with pressure grout as specified in SECTION 31 73 00.

		12. After casing pipe is installed, thoroughly clean its interior; remove excess material leaving a smooth interior throughout.

		13. The exit pit shall be excavated to the casing pipe.  Provide excavation support as required.  Provide sufficient room to continue installation of the carrier pipe.



		B. Open-Cut:

		1. Each pipe section shall be installed to the set line and grade, within approximately ±1/2 inch.

		2. After the casing pipe is properly positioned in the trench, the casing pipe shall be backfilled as specified in SECTION 31 23 24.

		3. Pipe shall not be installed upon a foundation penetrated by frost or at any time when there is a danger of ice formation or frost penetration at the bottom of the excavation.  Pipe shall not be laid unless the trench is scheduled to be backfilled b...

		4. Dewatering through the casing pipe during construction is not permitted.

		5. After the casing pipe is completely installed, thoroughly clean its interior; remove excess material leaving a smooth interior throughout.

		6. Field weld joints in accordance with AWWA C206.  Adequate space shall be provided for welding and the inspection of joints.

		7. Prior to butt-welding, the pipe and the pipe joint shall be properly positioned in the trench using line up clamps.  In the finished joint, the abutting pipe sections shall not be misaligned by more than 1/16 inch.  Welding procedures used to insta...

		8. Field butt-welds shall be inspected as soon as practicable after the welding of the field joint is complete.  Repair defective welds.



		C. Carrier Pipe:

		1. Support the carrier pipe within the casing pipe so that the pipe bells do not rest directly on the casing.  Distribute the load of the carrier pipe along the casing pipe by using the casing spacers.

		2. Install within the casing using the casing spacers.  Install from the jacking pit end of the casing.  Each joint within the casing pipe shall be of the restrained push-on type if ductile iron or PVC pipe is utilized, and thoroughly checked prior to...

		3. For carrier pipe 24-inches and larger, fill the annular space between the tunnel and the carrier pipe with sand throughout the casing of tunnel.

		4. Install a rubber end closure seal after the carrier pipe is installed.





		3.4 RESTORATION

		A. Remove excavation support systems for jacking pits.  If withdrawal could damage or disturb the roadway, railroad, or ditch subgrade, leave supports in place and cut them off 36 inches below finished grade.

		B. Following the casing and pipe installation and backfill operations, restore the Work area to its original grade and condition.  Replace or construct miscellaneous small structures and fencing, if applicable, to match existing.

		C. Remove equipment, supplies, excess excavation materials, and miscellaneous items associated with the casing installation operation.  Leave the site in a clean and neat condition.

		D. If required by the right-of-way owner, coordinate and schedule a final inspection of the Work.







		33 11 01 - Piping - General

		PART 1 general

		1.1 summary

		A. Section includes general information, products, and execution for piping – general.

		B. Related Sections:

		1. SECTION 26 42 00 – COMMON WORK RESULTS FOR CATHODIC PROTECTION

		2. SECTION 26 42 16 – FLANGE ELECTRICAL ISOLATION AND JOINT CONTINUITY BONDING FOR CATHODICALLY PROTECTED METALLIC PIPING SYSTEMS AND BOLTED SLEEVE TYPE COUPLINGS

		3. SECTION 26 42 19 – PASSIVE CATHODIC PROTECTION FOR BURIED AND SUBMERGED PIPING, STRUCTURES, AND APPURTENANCES





		1.2 references

		A. American Water Works Association (AWWA):

		1. C111 – Rubber Gasket Joints for Ductile-Iron Pressure Pipe and Fittings

		2. C200 – Steel Water Pipe, 6 In. (150 mm) and Larger

		3. C210 – Liquid Epoxy Coating Systems for the Interior and Exterior of Steel Water Pipelines

		4. C213 – Fusion-Bonded Epoxy Coating for the Interior and Exterior Steel Water Pipelines

		5. C219 – Bolted, Sleeve-Type Couplings for Plain-End Pipe

		6. C227 – Bolted, Split-Sleeve Restrained and Nonrestrained Couplings for Plain-End Pipe



		B. ASTM International (ASTM):

		1. A 193 – Standard Specification for Alloy-Steel and Stainless Steel Bolting for High Temperature or High Pressure Service and Other Special Purpose Applications

		2. A 194 – Standard Specification for Carbon and Alloy Steel Nuts for Bolts for High Pressure or High Temperature Service, or Both

		3. D 2000 – Standard Classification System for Rubber Products in Automotive Applications

		4. F 436 – Standard Specification for Hardened Steel Washers



		C. City and County of Denver Wastewater Management Division:

		1. Standard Detail S350



		D. Denver Water (DW):

		1. Engineering Standards, Chapter 11 – Recycled Water System

		2. Engineering Standards, Sheet 15 – Storm and Sanitary Sewer Crossing





		1.3 Submittals

		A. Shop Drawings:

		1. General:

		a. Pipe design information, including calculations and Drawings.

		b. Check, correct, and sign Shop Drawings and data prior to submission.  Unchecked submittals will be rejected.

		c. Indicate the Project name and the contract number.

		d. Pipe segment mark numbers.

		e. Laying schedule corresponding to mark number.



		2. Certified drawings of valves and appurtenances:  Provide certified dimensional drawings of valves, fittings, and appurtenances.





		1.4 quality assurance

		A. Pipe Design Criteria:  The pipe, fittings, and specials shall be designed and manufactured to meet the strength requirements given and shall conform when laid with line and grades including outlets, connections, test bulkheads, and appurtenances as...

		B. Do not manufacture pipe until required Shop Drawings and design calculations have been approved by the ENGINEER.  No changes are permitted from the initial approved design unless unforeseen field conditions arise that make such changes necessary as...

		C. Pipe materials shall meet the requirements of DW’s Engineering Standards.

		D. Certifications:

		1. Provide certified test reports covering each material utilized in the Work sufficient to determine conformance with standard specifications for the particular pipe alternative including:

		a. Mill certification of analyses and tests of steel.

		b. Certified hydrostatic test reports.

		c. Certification of compliance of materials with applicable AWWA Standards, ASTM Specifications, and DW’s Engineering Standards.

		d. Certification of application of linings and coatings.

		e. Certification of rubber gaskets.



		2. Expenses incurred in making samples for certification of tests shall be borne by the Manufacturer.





		1.5 delivery, storage, and handling

		A. Handling:

		1. Pipes, fittings, and appurtenances shall be carefully handled and protected against damage to the lining and coating, impact shocks, and free fall as specified in this Section.  Pipe handling equipment shall be approved by the ENGINEER.

		2. Inspect each pipe and fitting for damage.  Pipe damaged while in the custody of the CONTRACTOR shall be repaired or replaced, as determined by the ENGINEER, by the CONTRACTOR at no additional expense to the OWNER.  No pipe shall be installed where ...

		3. Joint gaskets shall be stored in a cool location out of direct sunlight.

		4. Support stockpiled pipe on sand bags placed under the pipe.  Provide sand bags of sufficient size to prevent the pipe from contacting the ground or any obstruction and allow for the proper use of slings.  Securely cover pipe ends to prevent the ent...







		PART 2 products

		2.1 approved manufacturers

		A. BSTC:

		1. Baker

		2. Dresser

		3. Rockwell

		4. Romac



		B. BSSTC:

		1. Victaulic





		2.2 accessories

		A. Standard Pipe Joints:

		1. Standard pipe joints shall be suitable for at least 250 psi water service and, regardless of type, designed to be self-centering.

		2. Bells and spigots shall have a smooth, close sliding fit at the self-centering surface.  The joint shall be capable of symmetrical or asymmetrical joint closure and shall remain watertight under all conditions of water service.

		3. Joint assemblies shall be formed and accurately manufactured so that when the pipes are drawn together in the trench, they form a continuous watertight conduit with a smooth and uniform interior surface and provide for a slight movement of any pipe...

		4. Maximum tolerances permitted in the construction of the joint shall be that stated in the pipe Manufacturer's design as approved; however, in no case shall the tolerances exceed those required in AWWA C111 and AWWA C200.

		5. If the CONTRACTOR proposes to use a joint which has not been approved by the ENGINEER on a previous project, provide a detail drawing of joints to be used, for approval, one week prior to the submittal of the Bid or Proposal.  The detail drawing sh...

		6. Furnish joint materials, gaskets, and lubricants.



		B. Flanges:

		1. Flange details shall be submitted with the Shop Drawings.

		2. Bolt holes in flanges shall straddle field vertical centerline.

		3. Insulated flanges shall have bolt holes 1/4 inch diameter greater than the bolt diameter.



		C. Gaskets for Flanges:  1/8-inch ring type, Garlock No. 3200, compressed non-asbestos sheet packing, one-piece.

		D. Flange Bolts and Washers:

		1. All-threaded studs shall be in accordance with ASTM A 193, Grade B7 with heavy hex nuts in accordance with ASTM A 194, Grade 2H.

		2. Studs and bolts shall extend through the nut a minimum of 1/4-inch.

		3. Hardened steel washers shall be in accordance with ASTM F 436.



		E. BSTCs:

		1. Plain ends for use with couplings shall be prepared in accordance with AWWA C219 for a distance of 12 inches from the ends of the pipe, with outside diameter not more than 1/64 inch smaller than the nominal outside diameter of the pipe.

		2. The center sleeve shall be made of steel and fabricated and tested by cold expansion in accordance with AWWA C219 to meet minimum design pressure of 150 psi.  The weld of the center ring shall be air tested for porosity.  End rings and the center s...

		3. End rings shall be contoured milled steel and fabricated and tested by cold expansion in accordance with AWWA C219.

		4. Gaskets shall be rubber compound material that will not deteriorate from age or exposure to air under normal storage or use conditions and shall be immune to attack by impurities normally found in water.  Gaskets shall be in accordance with AWWA C2...

		5. Bolts and nuts shall be in accordance with AWWA C219.

		6. Where insulating couplings are required, both ends of the coupling shall have a wedge-shaped gasket which assembles over an insulating compound rubber sleeve to obtain insulation of coupling metal parts from the pipe.



		F. BSSTC (Non-Restrained):

		1. Ends of pipe, including a distance from the end of the pipe to no less than the overall width of the coupling, shall be prepared in accordance with AWWA C227.

		2. The body shall be fabricated from steel in accordance with AWWA C227 to meet a minimum design pressure of 150 psi.  The interior and exterior of the body shall be coated in accordance with AWWA C210 or AWWA C213 with a minimum DFT of 12 mils.

		3. Closure and sealing mechanisms shall be fabricated in accordance with AWWA C227.

		4. Gasket composition and physical requirements shall be in accordance with AWWA C227 and ASTM D 2000.

		5. Studs, nuts, and washers shall be in accordance with AWWA C227.

		6. BSSTC shall not be used when electrical isolation is required.



		G. Specials and Fittings for Access Manholes:

		1. Access manholes with covers shall be 20-inches in diameter for pipelines 42-inches in diameter and smaller and 24-inches in diameter for pipelines greater than 42-inches in diameter.

		2. Access manholes, in addition to those shown on the Drawings that are needed by the CONTRACTOR to complete the installation of the pipe including the lining of joints, shall be provided at the CONTRACTOR’s expense.

		3. Additional manholes needed by the CONTRACTOR shall be provided with precast manholes for future access to the pipe.



		H. Protection of Pipe Lining:  The Manufacturer shall provide PE material or other suitable bulkheads on the ends of the pipe and on special openings to keep the pipe clean and prevent the drying out of the lining.  Bulkheads shall be substantial enou...

		I. Joint Restraint:

		1. Restrained joints shall be provided for the lengths shown on the Drawings for horizontal bends, line valves, and bulkheads.

		2. Joints that fall within 10 feet of vertical angle points that have a deflection greater than 6 degrees shall be restrained.



		J. Underground Utility Warning Tape for Recycled Pipe:  In accordance with DW Engineering Standards Chapter 11.





		PART 3 execution

		3.1 Preparation

		A. Remove or smooth out any burrs, gouges, weld splatter, or other small defects prior to laying pipe and fittings.

		B. Before the placement of pipe in the trench, each pipe or fitting shall be thoroughly cleaned, with special attention to the joint area.  The openings of pipes and fittings in the trench shall be closed during any interruption to the Work.



		3.2 installation

		A. Existing Pipe:

		1. Anticipate the need to provide materials and Work effort to fit new pipe to existing pipe.

		2. Information provided on existing pipe, including inside and outside diameters, are design dimensions based on available data and may not represent exact diameters once pipe is exposed.

		3. Existing pipe may be found to be out of round once excavated.



		B. Pipe Laying:

		1. General:

		a. Pipe shall be laid directly on specified imported bedding material.  Blocking of the pipe is not permitted.

		b. Each section of pipe shall be laid in the order and position shown on the laying schedule.

		c. Bell holes shall be formed at the ends of the pipe to prevent point loading at the bells or couplings.  Excavations shall be made as needed to facilitate the removal of slings after the pipe is laid.



		2. Pipe cleaning:  Keep the pipe interior free of debris.

		3. Frozen foundation:  No pipe shall be installed upon frozen material or when the ENGINEER determines there is a danger of the material freezing.  Do not lay pipe unless the trench will be backfilled before freezing occurs.

		4. Tolerance:  Pipe shall be laid to the set line and grade within approximately ±1 inch.  On grades of zero slope, the intent is to lay to grade.

		5. Raising or lowering pipe:  Where necessary to raise or lower pipe, the ENGINEER may change the alignment or the grades by the deflection of joints, by the use of bevel adapters, or by the use of additional fittings.  The deflection of the joint sha...

		6. Laying on grades:  Pipes shall generally be laid uphill on grades exceeding 10%.  Pipe which is laid on a downhill grade shall be blocked and held in place until sufficient support is furnished by the following pipe to prevent movement.

		7. Pipe protection:

		a. When pipe installation is not in progress, protect the ends of the installed pipeline and special openings with temporary, watertight fittings or appropriately sized pneumatic plugs designed for the type of joint and installed with Manufacturer gui...

		b. Clean temporary fittings and pneumatic plugs prior to installation.

		c. Protect installed capped and plugged pipe against buoyant forces by pipe bedding, backfill, or other temporary means.





		C. Valves:

		1. Operate each valve subsequent to installation to ensure proper operation.

		2. Valve stems shall be installed plumb and in the location shown on the Drawings.

		3. Buried valves shall be coated with wax tape in accordance with the Contract Documents.

		4. Adjustable supports shall be placed under buried valve flanges.



		D. Buried Flanged Joints:

		1. Flange faces shall be thoroughly cleaned of foreign material with a power wire brush.

		2. Gaskets shall be centered and the connecting flanges drawn up watertight without unnecessarily stressing the flanges.

		3. Bolts shall be tightened in a progressive diametrically opposite sequence and torqued with a suitable, approved, and calibrated torque wrench.

		4. Clamping torque shall be applied to the nuts only.



		E. Insulated Joints:

		1. Insulated joints and appurtenant features shall be provided by the CONTRACTOR where shown on the Drawings.

		2. Prevent electrical conductivity across the joint with insulators.

		3. After assembly, an electrical resistance test will be performed by the ENGINEER.  Should the resistance test indicate a short circuit, remove the insulating units to inspect for damage.  Replace damaged portions and reassemble the insulating joint ...



		F. Flexible Coupled Joints:

		1. General (BSTC and BSSTC):

		a. Connecting pipe ends, couplings, and gaskets shall be clean and free of dirt and foreign matter with special attention being given to the contact surfaces of the pipe, gaskets, and couplings.  The couplings shall be assembled and installed in confo...

		b. Wrenches used in bolting couplings shall be of a type and size recommended by the Manufacturer.  Coupling bolts shall be tightened to secure a uniform annular space between the follower rings and the body of the pipe with bolts tightened approximat...

		c. Upon completion of the coupled joint on metallic pipe, the coupling and bare metal of the pipe shall be cleaned, primed, and protected as specified in this Section.



		2. BSTC:

		a. Diametrically opposite bolts shall be tightened progressively and evenly.  Final tightening shall be done with a suitable, approved, and calibrated torque wrench set for the torque recommended by the coupling Manufacturer.

		b. For non-insulated mechanical couplings on metallic pipe, the middle ring and one follower ring shall be bonded for electrical conductivity to both ends of the connecting pipes.

		c. For insulated mechanical couplings, the middle ring and one follower ring shall be bonded to the connecting pipe end opposite the insulating rubber sleeve.





		G. Joint Bonding:

		1. Except where otherwise shown on the Drawings, joints shall be bonded for electrical conductivity in accordance with the Contract Documents.  The pipe shall be cleaned to bare bright metal at the point where the bond is installed.

		2. Damage to the pipe or pipe lining caused by the joint bonding shall be repaired at the CONTRACTOR’s expense.



		H. Cathodic Protection:  As specified in SECTION 26 42 00, SECTION 26 42 16, and SECTION 26 42 19.

		I. Underground Utility Warning Tape for Recycled Pipe:  Install 12 inches above non-potable water pipelines and appurtenances.

		J. Painting:

		1. General:  Metal exposed to the atmosphere or buried in the ground, except aluminum, brass, bronze, or copper shall be painted.

		2. Miscellaneous appurtenances:

		a. Black steel vent pipe that is to be buried shall be given 2 coats of cold-applied 1200 mastic manufactured by Protecto Wrap Company except for metal with shop-applied coating approved by the ENGINEER.

		b. Applicable metal exposed to the atmosphere shall be painted with one coat of synthetic red-lead priming paint and 2 coats of aluminum paint, unless otherwise directed by the ENGINEER.





		K. Sanitary Sewer Crossings:

		1. In accordance with DW Engineering Standards Sheet 15.

		2. Sanitary sewer crossings in the City and County of Denver shall be encased in accordance with Standard Detail S350.

		3. Sanitary sewer crossings outside of the City and County of Denver shall be encased in accordance with the applicable detail for the jurisdiction.



		L. Raising or Lowering Distribution Mains:

		1. As specified in this Section and DW’s Engineering Standards.

		2. Reuse of existing material is not allowed.

		3. Pipeline replacement material shall be of the same type as existing pipeline with the following exceptions:

		a. Use PVC or DI pipe and fittings for raising or lowering CI pipe.

		b. Use PVC pipe and DI fittings for raising or lowering asbestos-cement pipe.





		M. Water Service Lines:  Replace and repair in accordance with DW’s Engineering Standards.



		3.3 quality control

		A. Hydrostatic Test of Water Pipes:

		1. Preparation:

		a. Pipe shall be cleaned of debris and foreign materials to the satisfaction of the ENGINEER.

		b. No hydrostatic test shall be made on any portion of the pipeline until field-placed concrete has cured for 7 days.

		c. Testing shall not begin until field-placed linings have cured as recommended by the Manufacturer.



		2. Testing responsibilities:

		a. The OWNER will furnish the water, pump, and calibrated meter for testing, operate the testing equipment, run the test, maintain the required test pressures, and blow off the pipeline after testing.

		b. The CONTRACTOR shall assist the OWNER with testing and investigate all possible leaks.

		c. Furnish labor, necessary bulkheads, and miscellaneous materials to facilitate the filling and testing of the pipelines.



		3. Test procedures:

		a. Pipe shall be tested at 150 psi as measured at the lowest point in the test section.

		b. The test will be made from appropriate taps alongside the pipeline and the gauge pressure read at this point.

		c. The pipeline will be filled by the OWNER at a rate which will not cause any surges or exceed the rate at which the air can be released through the air valves at a reasonable velocity.  The air within the pipe shall be properly purged.

		d. The test duration will be designated by the ENGINEER.

		e. The rate at which the pipeline is blown off shall be under the control of the OWNER.



		4. Allowable leakage rates:  The amount of leakage in all sections of the pipeline, including appurtenant parts, shall not exceed 10 gallons per inch of diameter per mile of pipe per day.

		5. Repair of leaks:  Locate and repair leaks or other defects which may develop under test.  Any section of the pipe which indicates defective material furnished by the OWNER shall be repaired by the CONTRACTOR at the expense of the OWNER.  Joints mad...



		B. Inspection of the Fabrication:

		1. No less than 14 days prior to the start of any phase of the pipe manufacture, notify the ENGINEER in writing of the manufacturing start date.

		2. During the manufacturing of the pipe, the ENGINEER shall be given access to all areas where it is in process and shall be permitted to make inspections necessary to confirm compliance with the Contract Documents.

		3. The manufacturing of the pipe will be inspected by the OWNER at the OWNER's expense.



		C. Materials Testing:

		1. Ensure that the required material tests are performed.  Coordinate the testing such that the ENGINEER may witness the tests, providing that the ENGINEER does not cause delays to the CONTRACTOR’s schedule.

		2. The ENGINEER may request samples of any material, including lining and coating samples, for testing by the OWNER.  Samples shall be furnished at no additional cost to the OWNER.



		D. CCTV Inspection:

		1. Employ the use of CCTV to record the quality of the interior of the pipe and ensure the pipe is clear of debris.

		2. If the video shows debris or damage, the CONTRACTOR is responsible for removing the debris and making repairs to the pipe.

		3. Potable pipelines:  Equipment that will be in contact with the pipe shall be steam cleaned, rinsed with a 220 ppm hypochlorite solution, and rinsed with tap water prior to insertion.

		4. The video shall become part of the OWNER’s records of the Work upon the Substantial Completion date.









		33 11 01.01 - Steel Piping

		PART 1 general

		1.1 General

		A. Section includes general information, products, and execution for steel piping.

		B. Related Sections:

		1. SECTION 05 05 26 – WELDING

		2. SECTION 09 90 00 – PAINTING AND COATING

		3. SECTION 09 97 13 – TAPE COATINGS FOR THE EXTERIOR OF STEEL WATER PIPELINES

		4. SECTION 09 97 13.01 – POLYURETHANE LININGS AND COATINGS FOR THE INTERIOR AND EXTERIOR OF STEEL WATER PIPELINES AND FITTINGS

		5. SECTION 09 97 13.02 – EPOXY LININGS AND COATINGS FOR STEEL WATER PIPELINES AND FITTINGS

		6. SECTION 09 97 13.03 – CEMENT MORTAR LININGS AND COATINGS FOR STEEL WATER PIPELINES AND FITTINGS





		1.2 references

		A. American Society of Mechanical Engineers (ASME):

		1. B 16.11 – Forged Fittings, Socket-Welding and Threaded



		B. American Water Works Association (AWWA):

		1. C200 – Steel Water Pipe - 6 Inch and Larger

		2. C206 – Standard for Field Welding of Steel Water Pipe

		3. C207 – Steel Pipe Flanges for Waterworks Service – Sizes 4 Inch Through 144 Inch

		4. C208 – Dimensions for Fabricated Steel Water Pipe Fittings

		5. Manual M11 – Steel Water Pipe:  A Guide for Design and Installation



		C. ASTM International (ASTM):

		1. A 36 – Standard Specification for Carbon Structural Steel

		2. A 139 – Standard Specification for Electric-Fusion (Arc)-Welded Steel Pipe (NPS 4 and Over)

		3. A 283 – Standard Specification for Low and Intermediate Tensile Strength Carbon Steel Plates

		4. A 572 – Standard Specification for High-Strength Low-Alloy Columbium-Vanadium Structural Steel

		5. A 1011 – Standard Specification for Steel, Sheet and Strip, Hot-Rolled, Carbon, Structural, High-Strength Low-Alloy, High-Strength Low-Alloy with Improved Formability, and Ultra-High Strength

		6. A 1018 – Standard Specification for Steel, Sheet and Strip, Heavy-Thickness Coils, Hot-Rolled, Carbon, Commercial, Drawing, Structural, High-Strength Low-Alloy, High-Strength Low-Alloy with Improved Formability, and Ultra-High Strength



		D. National Association of Corrosion Engineers (NACE):

		1. SP0188 – Discontinuity (Holiday) Testing of New Protective Coatings on Conductive Substrates



		E. NSF International/American National Standards Institute (NSF/ANSI):

		1. 61 – Drinking Water System Components – Health Effects





		1.3 Submittals

		A. Shop Drawings:

		1. Joint and pipe wall construction details indicating the type and thickness of cylinder, manufacturing tolerances, and other pertinent information required for the manufacture of the product.  Joint details shall be submitted where deep bell or butt...

		2. Shop Drawings of fittings and specials such as elbows, wyes, tees, outlets, and nozzles or other specials where shown on the Drawings indicating the amount and position of reinforcement.  Fabricate fittings and specials as stipulated herein and in ...

		3. Design calculations that comprise the complete stress analysis of each critical section of pipe wall, girth joints, harness system, specials, and openings sufficient to ascertain conformance of pipe and fittings with the Contract Documents.

		4. Material lists including all materials to be utilized.  Use of materials other than those permitted within the scope of the Contract Documents is prohibited.

		5. Line layout and marking diagrams indicating the specific number of each pipe and fitting and the location of each pipe and the direction of each fitting in the completed line.  In addition, the line layouts shall include:

		a. The station and top of pipe elevation at all changes in grade or horizontal alignment.

		b. The station and top of pipe elevation to which the bell end of each pipe will be laid.

		c. Elements of curves and bends in horizontal and vertical alignment.

		d. The limits of each reach of restrained or welded joints.







		1.4 quality assurance

		A. Pipe Design Criteria:  The pipe diameter specified is the minimum finished inside diameter in inches after lining.

		B. General Requirements:

		1. Maximum laying length shall be 50 feet.

		2. Pipe shall be designed, manufactured, tested, inspected, and marked in accordance with AWWA C200 and as specified in this Section.

		3. Pipe shall be fabricated from coil in accordance with ASTM A 139 (Grade B or C) or ASTM A 1011 SS (Grades 36 or 40) or ASTM A 1018 SS (Grades 36 or 40), from plate in accordance with ASTM A 36, ASTM A 283 (Grades C or D), ASTM A 572 (Grade 42).  Lo...

		4. Steel used for the fabrication of pipe shall have a maximum carbon content of 0.25% and shall have a minimum elongation of 22% in a 2-inch gauge length.

		5. After the joint configuration is completed and prior to lining, each length of pipe of each diameter and pressure class shall be shop-tested and certified to a pressure of at least 75% of the specified yield strength of the pipe steel.



		C. Steel Cylinder Thickness:

		1. Cylinder thickness for internal pressure:

		a. For resistance to internal pressure, the thickness of the steel cylinder shall be determined using the following formula:  t = (PD/2)/(Y/S)

		Where: t = Steel Cylinder thickness in inches

		D = Outside diameter of steel cylinder in inches

		P = Working pressure in psi

		Y = Specified minimum yield point of steel in psi

		S = Safety factor of 2.0

		b. In no case shall the design stress (Y/S) exceed 21,000 psi.  The steel shell thickness shall not be less than the minimum thickness shown below nor shall the calculated stress exceed 28,000 psi when the internal pressure is equal to working pressur...



		2. Cylinder thickness for external load:

		a. Upon determination of cylinder thickness for internal pressure, deflection of the pipe shall be checked by the following formula:  Dx =  DKWr3

		Where:

		Dx = Vertical deflection of pipe in inches, not to exceed the allowable deflection as specified in this Section

		D = Deflection lag factor = 1.15

		K = Bedding constant = 0.1

		W(0F ) = Vertical load on pipe in lb/in

		r = Mean radius of pipe shell in inches

		EI = Flexural rigidity of pipe wall in lb-in

		E' = Modulus of soil reaction for use of bedding sand in lb/in2 = 1200

		Modulus of soil reaction for use of CLSM in lb/in2 = 3000



		b. If the calculated deflection Dx exceeds allowable, use improved bedding and pipe zone material to increase E' so that the calculated deflection becomes less than allowable.



		3. Welding of joint rings to resist thrust:  Where steel pipe with field welded Carnegie joint rings are used for thrust restraint, the joint rings shall be welded to the cylinder with double fillet welds.



		D. Joint Design and Fabrication:

		1. O-ring joints:

		a. Bell and spigot O-ring type joints shall consist of a bell and spigot end formed integrally on the pipe by swaging, expanding, or by welding on an approved Carnegie Section.  The gasket shall be retained on the spigot end by a groove formed by roll...

		b. The gasket for the joint shall be a continuous O-ring made of a special rubber composition of such size and cross-section as to provide a watertight joint for a pressure of at least 250 psi.  The material requirements of the gasket shall be in acco...

		c. The joint shall provide for a 3/4 inch pull-out from normal joint closure.  The Manufacturer shall furnish joint materials including rubber gaskets and lubricant.  Joint lubricant shall be in accordance with NSF/ANSI 61.



		2. Welded joints:

		a. Pipe and fittings for field welded joints shall be buttstrap joints, lap joints, or rubber gasket joints prepared for field welding and shall be in accordance with AWWA C200.  Attachment of joint rings to the pipe cylinder shall be accomplished wit...

		b. The method used to form, shape, and size bell ends shall be such that the physical properties of the steel are not substantially altered.  Bell ends shall be formed by expanding with segmental dies.  If approved by the ENGINEER, bell ends formed by...

		c. Shop-applied linings and coatings shall be held back a minimum of 2 1/2 inches from the point at which the weld is to be made.

		d. Bell and spigot ends shall be sized to provide a difference in circumferential measurement between the outside circumference of the spigot and the inside circumference of the bell of no less than 0.09-inch and no more than 0.49-inch for pipe diamet...





		E. Offset Tolerances:  For pipe wall thicknesses of 3/8-inch or less, the maximum radial offset (misalignment) for submerged arc and gas metal arc welded steel pipe shall be 0.1875 times the pipe wall thickness or 1/16-inch, whichever is larger.  For ...

		F. Welding:  As specified in SECTION 05 05 26.





		PART 2 products

		2.1 Approved manufacturers

		A. Shop-Applied Polyurethane Lining:

		1. American SpiraWeld Pipe

		2. Ameron Water Transmission Group

		3. Hanson Pipe

		4. Northwest Pipe





		2.2 accessories

		A. Flanges:

		1. Flanges shall be ring type, flat faced, and serrated in accordance with AWWA C207.

		2. Blind flanges shall be in accordance with AWWA C207.  Above 24-inch nominal diameter consider ring flanged and dished heads.

		3. Shop coat machined faces of flanges with a rust-preventative compound, Houghton International’s Rust Veto 344.

		4. Shop coat edges and back faces of attached flanges with polyurethane as specified in SECTION 09 97 13.01 or epoxy as specified in SECTION 09 97 13.02.

		5. Shop coat edges, back faces, non-threaded surfaces, and the inside of blind flanges with polyurethane as specified in SECTION 09 97 13.01 or epoxy as specified in SECTION 09 97 13.02.



		B. Specials and Fittings:

		1. Design:

		a. Steel specials and fittings shall be in accordance with AWWA C208.  Pipe material used in fittings shall be of the same material and minimum thickness as the pipe.

		b. The minimum radius of steel elbows shall be 2 1/2 times the pipe diameter and the maximum miter cut angle on each section of the elbow shall not exceed 11.25 degrees.

		c. Fittings shall be equal in design strength of the pipe and shall have the same lining and coating as the abutting pipe.

		d. With approval of the ENGINEER, outlets may be spaced differently than shown on the Drawings to meet the pipe Manufacturer’s fabrication limitations.  The effect of this change, such as increased concrete manhole size, shall be at the CONTRACTOR’s e...

		e. Steel specials and fittings shall be made of segmentally welded sections from hydrostatically tested pipe with ends to mate with the type of joint or coupling specified for the pipe.



		2. Linings and coatings:  Specials and fittings that cannot be mechanically lined and coated shall be lined and coated by hand-application using the same materials used for the pipe.  Lining and coating applied in this manner shall provide protection ...

		3. Threaded outlets:  Forged steel Class 3000 in accordance with ASME B 16.11.

		4. Deflections and long radius curves:

		a. Moderate deflections and long radius curves may be made by means of beveled joint rings, by pulling standard joints, by using short lengths of pipe, or a combination of these methods.

		b. The maximum total allowable angle for beveled joints shall be 5 degrees per pipe joint.

		c. The maximum allowable angle for pulled joints shall be in accordance with the Manufacturer's instructions or the angle that results from a 3/4 inch pull-out from normal joint closure, whichever is less.

		d. Deflections or fabricated angles shall fall on the alignment.  The chord produced by deflecting the pipe shall be no further than 6 inches from the alignment shown on the Drawings.



		5. Angle points:

		a. Laying schedule angle points shall meet the horizontal angle points as shown on the Drawings.

		b. Laying schedule vertical angle points shall meet the vertical angle points as shown on the Drawings where interference is critical.





		C. Closures and Correction Pieces:  Closures and correction pieces shall be provided as required so that closures may be made due to different headings in the pipe laying operation and so that correction may be made to adjust the pipe laying to confor...

		D. Markings:

		1. Mark pipes and specials in accordance with the laying schedule and marking diagram.

		2. Number in sequence; this number shall appear on the laying schedule and marking diagram in its proper location for installation.

		3. Special pipe sections and fittings shall be marked at each end with top field centerline.

		4. The word TOP shall be painted or marked on the outside top spigot end of the sections.

		5. Minimum size of lettering:  4-inches.

		6. Non-toxic.

		7. Recycled water pipe:

		a. Include a stamp warning:

		1) Labeled:  CAUTION:  RECYCLED WATER – DO NOT DRINK.

		2) Installed along springline on both sides of pipe.

		3) In contrast with coating color.

		4) Compatible with the exterior coating.

		5) The warning shall be continuous and shall be spaced a distance no greater than one foot between the end of one warning message and the beginning of the next.







		E. Strutting:

		1. Adequate strutting shall be provided on specials, fittings, and straight pipe, to avoid handling, storage, hauling, and installation damage to the pipe coating and lining.

		2. The strutting shall be placed as soon as practicable after the lining has been applied and shall remain in place while each pipe is loaded, transported, unloaded, installed, and backfilled at the jobsite.



		F. Allowable Deflection:

		G. Specials and Fittings:

		1. Reinforcement for wyes, tees, outlets, and nozzles shall be designed in accordance with AWWA Manual M11.

		2. Reinforcement shall be designed for the working pressure as specified in this Section.

		3. Design calculations shall be submitted to the ENGINEER.







		PART 3 execution

		3.1 general

		A. Check the deflection of the pipe and relocate the struts or provide additional struts to keep the deflections as specified in this Section and to maintain the pipe in a round condition.

		B. Handle the pipe by use of wide slings and padded cradles or of other suitable material designed and constructed to prevent damage to the pipe coating.  Use of chains, hooks, or other equipment that may injure the pipe coating will not be permitted....

		C. Stockpiled pipe shall be supported on sand or earth berms free of rock exceeding 3-inches in diameter; it shall not be placed directly on the ground.  The pipe shall not be rolled and shall be secured to prevent accidental rolling.

		D. Pipe shall not be rolled or skidded at any point when in contact with the ground.

		E. Workers will be permitted to walk on tape coatings only when necessary and shall wear shoes with rubber soles.

		F. For dielectric coated steel pipe perform holiday inspection in accordance with NACE SP0188 just prior to the pipe being lowered into the trench.  Make necessary repairs to the coating.



		3.2 installation

		A. Jointing:

		1. General:  Field openings shall not be permitted on the pipe without the written consent of the ENGINEER.

		2. Rubber gasket joints:

		a. Pipe shall be laid with bell ends facing in the direction of laying.  Clearance shall be provided at the sides and bottom of pipe to facilitate the checking of the joint for proper gasket placement and for placement of the joint coating material.

		b. Prior to placing the rubber gasket in the groove on the spigot end of the pipe, both bell and spigot ends shall be thoroughly cleaned, and the inside of the bell and the rubber gasket lubricated.

		c. The spigot end shall be aligned with the bell end and carefully centered so that the pipe is supported in a manner to ensure the gasket will not drag as it enters the bell.

		d. Pipes shall be pulled together by an approved method such as bands or come-alongs or band and hydraulic jacking heads, as recommended by the pipe Manufacturer.  In all cases, the joint shall be assembled with the axis of the adjoining pipes in a st...

		e. The pull-out in the rubber gasket joints shall not exceed the maximum pull-out recommended by the pipe Manufacturer.

		f. After the joint has been pulled completely together as indicated by the stab marks, the gasket shall be checked using a feeler gauge.  Check around the complete circumference of the joint to assure that the gasket has not rolled out.  If a gasket h...



		3. Welded joints:

		a. General:

		1) Field welded joints shall be in accordance with AWWA C206.

		2) Where exterior welds are called for, adequate space shall be provided for the welding and inspection of the joint.

		3) In laying welded steel pipe with buttstrap or lap joints, pipe deflection shall be limited to that which will produce a minimum lap of 1 1/2 inches and which will not cause a weld to be closer than 3/4 inch to the nearest tangent of a bell radius.

		4) Buttstraps, where required, shall be a minimum of 6-inches wide, the same thickness and material type as the pipe wall, and shall provide for a minimum of 3/4 inch lap at each pipe joint.

		5) Prior to the beginning of the welding procedure, any tack welds used to position the pipe during laying shall be removed.  Any annular space between the faying surfaces of the bell and spigot shall be equally distributed around the circumference of...

		6) Immediately following pipe laying, the joints shall be finish-welded, tested if required, and the exterior joint spaces coated in accordance with the Contract Documents.  The pipe shall then be backfilled to at least one foot above the top of the p...

		7) After completion of the welding of the joint, the joint will be visually inspected.  Double welded joints shall be air tested in accordance with AWWA C206.  Defects shall be removed, rewelded, and retested.

		8) Where more than one pass is required, each pass except the first one and the final one, shall be peened to relieve shrinkage stresses; dirt, slag, and flux shall be removed before the succeeding bead is applied.

		9) In laying welded lap joints, spigots shall be laid ahead.



		b. Jointing:

		1) Pipe ends shall be cut straight on joints where buttstraps are used for realignment, adjustment, or deflection and fillet welds shall be made as shown on the Drawings.

		2) Field welded single lap joints may be made on the inside or the outside of the pipe at the CONTRACTOR's option.





		4. Field joint lining:

		a. General:

		1) Field joint lining material shall be the same material as the main pipeline lining.

		2) Polyurethane shall be as specified in SECTION 09 97 13.01.

		3) Epoxy shall be as specified in SECTION 09 97 13.02.

		4) Cement mortar shall be as specified in SECTION 09 97 13.03.





		5. Field joint coating:

		a. General:

		1) Field joint coating for cement-mortar coated pipe shall be as specified in SECTION 09 97 13.03.

		2) Field joint coating for tape, polyurethane, and epoxy-coated steel pipe shall be a heat-shrinkable sleeve as specified in SECTION 09 97 13.







		B. Backfill and Strut Removal:

		1. Remove pipe struts after backfill has been placed.

		2. Following the removal of struts, the ENGINEER will check the pipe for deflection.  Where excessive deflection occurs, remove the earth cover and side fill material, re-round the pipe by strutting, and replace the pipe zone and backfill material to ...





		3.3 protection

		A. Damage to Steel Pipe:

		1. Notify the ENGINEER of damage.

		2. The ENGINEER will determine whether the pipe can be field repaired.

		3. Where feasible, damaged pipe shall be placed so that the damaged portions will be on top.

		4. Buried pipe shall be excavated to expose the entire damaged section.

		5. No attempt shall be made to re-round the pipe.

		6. Repair the damaged area as directed by the ENGINEER.

		7. Weld patches shall have rounded edges and shall extend a minimum of one inch past the damage.



		B. Protection of Appurtenances:  Buried steel pipe appurtenances such as nozzles shall be coated with the same system as the pipe.

		C. Coating of Exposed Metal:  Exposed metal surfaces except flanges shall be coated with the same system as the pipe.

		D. Linings:

		1. General:

		a. Apply linings in accordance with the Manufacturer’s instructions, including surface cleaning and preparation.

		b. Hold back lining 2 1/2 inches from the point at which the field weld is to be made.

		c. Leave ends of lining square and uniform.

		d. Allow lining to cure completely prior to shipping.



		2. Acceptable steel pipe linings:

		a. Polyurethane shall be as specified in SECTION 09 97 13.01.

		b. Epoxy shall be as specified in SECTION 09 97 13.02.

		c. Cement mortar shall be as specified in SECTION 09 97 13.03.





		E. Coatings:

		1. General:

		a. Apply in accordance with the Manufacturer’s instructions, including surface cleaning and preparation.

		b. Hold back coating 2 1/2 inches from the point at which the field weld is to be made.

		c. Leave ends of coating square and uniform.

		d. Allow lining to cure completely prior to shipping.



		2. Acceptable steel pipe coatings:

		a. Polyurethane as specified in SECTION 09 97 13.01.

		b. Epoxy shall be as specified in SECTION 09 97 13.02.

		c. Cement mortar shall be as specified in SECTION 09 97 13.03.

		d. Paint on piping within vaults shall be as specified in SECTION 09 90 00.

		e. Tape shall be as specified in SECTION 09 97 13.











		33 11 01.02 - Ductile Iron Piping

		PART 1 general

		1.1 summary

		A. Section includes general information, products, and execution for DI piping.

		B. Related Sections:

		1. SECTION 09 90 00 – PAINTING AND COATING

		2. SECTION 09 97 13.04 – WAX TAPE COATINGS FOR THE EXTERIOR OF METALLIC PIPING SYSTEMS





		1.2 references

		A. American Water Works Association (AWWA):

		1. C 104 – Standard for Cement Mortar Lining for Ductile Iron Pipe and Fittings for Water

		2. C110 – Standard for Ductile-Iron and Gray-Iron Fittings, 3 In. Through 48 In. for Water

		3. C115 – Standard for Flanged Ductile-Iron Pipe with Ductile-Iron or Gray-Iron Threaded Flanges

		4. C150 – Standard for Thickness Design of Ductile Iron Pipe

		5. C151 – Standard for Ductile-Iron Pipe, Centrifugally Cast, for Water

		6. C153 – Standard for Ductile-Compact Fittings for Water Service

		7. C600 – Standard for Installation of Ductile-Iron Water Mains and Their Appurtenances

		8. Manual M41 – Ductile Iron and Pipe Fittings



		B. American Welding Society (AWS):

		1. D11.2 – Guide for Welding Iron Castings



		C. Denver Water (DW):

		1. Engineering Standards, MS-1 – Ductile Iron Pipe

		2. Engineering Standards, MS-14 – Polyethylene Encasement Material

		3. Engineering Standards, MS-29 – Mechanical Joint Restraint



		D. NSF International/American National Standards Institute (NSF/ANSI):

		1. 61 – Drinking Water System Components – Health Effects





		1.3 quality assurance

		A. Pipe Design Criteria:  The pipe diameter specified is the nominal pipe diameter for DI pipe.

		B. General Requirement:

		1. Maximum laying length shall be 20 feet.

		2. Pipe shall be designed, manufactured, tested, inspected, and marked in accordance with AWWA C150, AWWA C151, and Manual M41.

		3. Allowable pipe deflection is 0.025 x ID.  If the calculated deflection exceeds allowable, used improved bedding and pipe zone material to increase E’ so that the calculated deflection becomes less than allowable.





		1.4 submittals

		A. Shop Drawings:

		1. The class and wall thickness for pipe and pressure rating and wall thickness of fittings.

		2. Standard and restrained joints details indicating pertinent dimensions and manufacturing tolerances.

		3. Materials list indicating the anticipated number of straight lengths of pipe to be used and fittings and specials with corresponding stations.

		4. Pipe laying schedule showing line layout and marking diagram for all areas.  The schedule shall indicate pipe number and length, the station of appurtenances, and the station and invert elevation of bell ends.





		1.5 Delivery, storage, and handling

		A. DI pipe shall be stacked no higher than the height listed in AWWA C600.  Bell ends shall be alternated with spigot ends.

		B. The DI Manufacturer shall provide durable coverings to be placed over pipe ends.





		PART 2 products

		2.1 approved manufacturers

		A. DI Pipe:  In accordance with DW Engineering Standard MS-1

		B. Push-On Joint Design and Fabrication:

		1. American Cast Iron Pipe, Fastite

		2. US Pipe, Tyton



		C. Push-On Joint Restraint:

		1. American Cast Iron Pipe Company, flex-ring joint



		D. Mechanical Joint Restraint:  In accordance with DW Engineering Standard MS-29

		E. Ceramic Epoxy:

		1. Novolac, amine cured epoxy

		2. Protecto 401



		F. Tapping Saddles:

		1. JCM 412

		2. Romac FTS 420

		3. Smith Blair 622





		2.2 materials

		A. DI Pipe:

		1. General:  Designed, manufactured, tested, inspected, and marked as specified in this Section and in accordance with AWWA C151, Manual M41, NSF/ANSI 61, and DW Engineering Standard MS-1; manufactured in the US.

		2. Fittings:

		a. Fittings shall be DI in accordance with AWWA C110 or AWWA C153.

		b. Lined with the same lining as the mainline pipe.

		c. Branch outlets 12-inches and smaller may be in the form of tapping saddles and DI tee fittings.  Welded outlets may be used when they are up to 70% of the main pipe diameter.  Welded outlet main pipe and outlet pipe shall be Special Thickness Class...



		3. Flanges:  In accordance with AWWA C115 suitable for the pressure specified.

		4. Pipe class:

		a. Pipe: The minimum thickness class shall be Special Thickness Class 50.

		b. At threaded flanges:  The minimum thickness class shall be Special Thickness Class 53.



		5. Linings:

		a. Potable water piping:  Cement mortar in accordance with AWWA C104.

		b. Ceramic epoxy:  Recycled piping.



		6. Exterior coating:

		a. One mil thick asphaltic coating; the finished coating shall be continuous, smooth, neither brittle when cold nor sticky when exposed to the sun and shall be strongly adherent to the pipe.

		b. Piping within vaults:  Shop-applied primer compatible with the coating system as specified in SECTION 09 90 00.



		7. Joint design and fabrication:

		a. Standard joint shall be a single rubber gasket joint designed to be assembled by the positioning of a continuous, molded rubber ring gasket in an annular recess in the pipe or fitting socket and the forcing of the plain end of the entering pipe int...

		b. Mechanical joints, flanges, or other restrained joints shall be located where shown on the Drawings or as approved by the ENGINEER.



		8. Joint restraint:

		a. General:

		1) Designed to resist thrusts resulting from internal pressure acting at bulkheads, bends, valves, and extending over the distances shown on the Drawings.

		2) Designed for the working pressure plus water hammer.

		3) Alter the laying schedule in restrained areas to avoid deflected joints.  Work out alterations and bear expense for such alterations.

		4) Do not use rods or clamps.



		b. Acceptable products:

		1) Compatible field flex ring allowable for closure joints only as necessary.

		2) Mechanical joint restraint or bell-spigot restraint in accordance with DW Engineering Standard MS-29.





		9. PE encasement material:

		a. In accordance with DW Engineering Standard MS-14.

		b. PE material color shall be:

		1) Recycle piping:  Pantone 2577U.

		2) Other:  Clear (natural color).



		c. PE material shall be stored out of direct sunlight.

		d. Labeling for recycled piping:

		1) Labeled:  CAUTION: RECYCLED WATER – DO NOT DRINK.

		2) Height:  1 1/2-inches minimum.

		3) Every 2 feet along the length of the PE encasement.











		PART 3 execution

		3.1 Application

		A. Linings:

		1. Ceramic epoxy, 40 mils DFT:

		a. Application:

		1) Apply in accordance with the Manufacturer's instructions.

		2) Interior pipe surface shall be free from mud, oil, grease, and other foreign contaminants prior to application of lining.

		3) Abrasive blast interior pipe surface using sand or grit abrasive media prior to application of lining.

		4) Only slight stains and tightly adhered oxide may be left on the interior pipe surface.

		5) Minimum pipe and ambient air temperature:  40 F.

		6) Line the joint surface in accordance with the Manufacturer's instructions.



		b. CML is not allowed for recycled or reuse water.







		3.2 installation

		A. Field Pipe Wrapping:

		1. A pre-cut length of tubing approximately 20-feet long shall be used per 18-foot length of pipe.  Before lowering into the trench, tubing shall be slid over the bell end of the pipe and bunched behind the bell.

		2. Excess PE material shall be drawn up around the pipe barrel, folded neatly into an overlap on top of the pipe, and held in place by pressure-sensitive tape at 3 foot to 5 foot intervals.

		3. In the trench, the bell end of the pipe shall be raised clear of the trench bottom and the tubing stretched out along the length of pipe.  One foot surplus shall be provided at each end of a length of pipe.  This surplus shall be bunched behind eac...

		4. After each joint is made, tubing shall be pulled over the bell end of the pipe, folded around the adjacent spigot end, and wrapped circumferentially with pressure-sensitive tape.

		5. At flanges, cut the PE material to be within 1/4 inch of the back face of the flange.  Secure with slightly overlapping circumferential wraps of pressure-sensitive tape for a distance of 4 inches from the back of the flange.

		6. Use the following flat width tubing:

		7. Clean material prior to wrapping operations.

		8. During installation, soil or embedment material shall not be trapped between the PE material and the item to be protected.

		9. PE encasement shall be secured at ends, seams, overlaps, and folds by adhesive tape or plastic tie straps approved for such purpose.

		10. Sufficient slack shall be provided in contouring the encasement around buried items to prevent stretching the material where it bridges irregularities and to prevent damage by backfilling operations.

		11. Installation of the PE tubing shall be such that the non-potable water warning is at or above springline on each side of the pipe.

		12. Cuts, tears, punctures, and other damage to the PE material shall be repaired with adhesive tape and a short length of additional PE material.  The ENGINEER will inspect repairs prior to backfilling activities.



		B. Buried Flanged Joints:  Flanges shall be wrapped in wax tape as specified in SECTION 09 97 13.04.

		C. Jointing:

		1. Push-on joint:

		a. For the push-on joint, the inside of the bell and the outside of the spigot end shall be thoroughly cleaned to remove oil, grit, excess coating, and other foreign matter.

		b. The rubber gasket shall be flexed inward and inserted in the gasket recess of the bell socket.  In cold weather it may be necessary to warm the gasket to facilitate insertion.

		c. A thin film of non-toxic, water soluble, NSF/ANSI 61 approved gasket lubricant shall be applied to the inside surface of the gasket and the spigot end of the pipe.

		d. The spigot end of the pipe shall be pushed into the socket with care keeping the joint from contacting the ground.  The joint shall then be completed by forcing the plain end to the bottom of the socket in a manner approved by the ENGINEER.

		e. Each joint shall be checked with a feeler gauge to ensure the proper installation of the gasket.

		f. Pipe that is not furnished with a depth mark shall be marked before assembly to assure the spigot end is inserted to the full depth of the joint.

		g. Field cut pipe joint ends shall be filed or ground to resemble a spigot end as recommended by the Manufacturer.

		h. Field cut end repairs shall be done in accordance with the pipe Manufacturer’s instructions.

		i. Deflection of the joint shall not exceed the Manufacturer’s recommended maximum deflection.



		2. Mechanical joint:

		a. For the mechanical joint, the last 8 inches outside of the spigot and the inside of the bell shall be thoroughly cleaned to remove oil, grit, excess coating, and other foreign matter from the joint and then painted with a thin film of non-toxic, wa...

		b. The gland shall then be slipped on the spigot end of the pipe with the lip extension of the gland toward the plain end.

		c. The rubber gasket shall be painted with the gasket lubricant and placed on the spigot end with the thick edge toward the gland.

		d. The entire section of the pipe shall be pushed forward to seat the spigot end in the bell.  The gasket shall then be pressed into place within the bell.  Care shall be taken to locate the gasket evenly around the entire joint.

		e. The gland shall be moved toward the bell and centered with the gland lip against the gasket.  The bolts shall be inserted and the nuts screwed tightly with fingers.  Nuts shall be tightened with a torque limiting wrench, the range of torque in acco...

		f. Deflection of the joint shall occur after joint assembly but before tightening the bolts.  The deflection for mechanical joints shall not exceed the Manufacturers recommended maximum deflection.



		3. Joint restraint:

		a. Complete the joint restraint as recommended by the Manufacturer.

		b. No joint deflection is allowed.



		4. Mechanical joint restraints:

		a. Complete the mechanical joint as described above.

		b. Complete the mechanical joint restraint as recommended by the Manufacturer.

		c. No joint deflection is allowed.





		D. Cutting and Fitting:  Make pipe cuts required to conform to location, line, and grade.  Cuts on pipe shall be made by the use of pipe cutters or pipe saws recommended by the Manufacturer and approved by the ENGINEER.  Cuts shall be straight and tru...



		3.3 protection

		A. Protection of Fittings:  Buried DI pipe fittings shall be PE wrapped in accordance with AWWA C600.







		33 11 08 - Pipe Internal Joint Seals

		PART 1 General

		1.1 Summary

		A. Section includes general information, products, and execution for pipe internal joint seals.



		1.2 references

		A. ASTM International (ASTM):

		1. A 240 – Standard Specification for Chromium and Chromium-Nickel Stainless Steel Plate, Sheet, and Strip for Pressure Vessels and for General Applications

		2. D 2000 – Standard Classification System for Rubber Products in Automotive Applications



		B. Code of Federal Regulations (CFR):

		1. Title 21 – Food and Drugs Section 177.2600



		C. NSF International/American National Standards Institute (NSF/ANSI):

		1. 61 – Standard for Drinking Water System Components – Health Effects







		PART 2 products

		2.1 approved manufacturers

		A. Internal Joint Seals:

		1. Miller Pipeline Corporation, Weko-Seal

		2. Victaulic Company, InnerSeal





		2.2 COMPONENTS

		A. Components of the internal joint seals shall be NSF/ANSI 61 approved.

		B. Joint Liner:  EPDM rubber derivative membrane, manufactured in accordance with ASTM D 2000:

		1. Material shall be an EPDM polymer where ingredients are listed in CFR Title 21 with the final material not supporting microbiological growth when used in potable, seawater, or in humid aerobic conditions.

		2. Volume change of the rubber shall not exceed 3% after immersion in fresh or seawater at 212 F for 70 hours.

		3. Stress relaxation shall not exceed 12% when tested for 30 minutes to one day.



		C. Joint Liner Splicing:

		1. Seal splice shall be made using a transfer-molding method with virgin rubber of the same compound from which the seal is manufactured with a 1/4-inch minimum width at the interface.

		2. Vulcanization shall occur at 330 F with 2,000 psi pressure.

		3. No adhesive or glue shall be used.

		4. Test:  The seal shall be gripped at a point 6 inches on each side of the splice and shall be bent in both directions as sharply as possible; splice shall be capable of passing this bend test without visible separation.

		5. No voids or cracks are allowed.



		D. Bands, Shims, and Set Screws:

		1. Bands, spacers, shims, and set screws for securing rubber membrane across piping joints shall be Type 304 or Type 316 stainless steel manufactured in accordance with ASTM A 240.

		2. Typical mechanical properties:

		a. Yield strength greater than or equal to 30,000 psi.

		b. Tensile strength greater than or equal to 75,000 psi.

		c. Elongation in 2 inches equal to 40%.

		d. Hardness Rockwell B value of 92.

		e. Finish and condition is annealed.





		E. Stainless Steel Bands Manufacturing:

		1. Bands shall be rolled to the radius of the pipe being renewed.

		2. Bands shall have minimum dimensions of 3/16-inch thick by 2-inches wide for pipe sizes 36-inches to 60-inches in diameter.

		3. Each band shall be checked on fixed radius gauge.



		F. Cleated End:

		1. Manufactured from the same Manufacturer lot number as the band.

		2. Shop welds and field welds shall be made by certified welders with a minimum of 2 years of experience on this alloy; welds shall be made with stick or wire of material compatible with the bands; shop welds shall be accomplished in an A-1025-Helium/...

		3. Field welding shall be made with a coated electrode of material that is compatible with the bands with a tensile strength of 86,000 psi and yield strength of 65,000 psi.

		4. Provide certified materials.



		G. Radiused Shims:

		1. ASTM A 240 Type 304 or Type 316 stainless steel, 16 gauge to 22 gauge by 2-inches by 6-inches.

		2. Manufactured by rolling to the radius of the pipe.

		3. Edges to be deburred.



		H. Liquid Joint Lubrication:

		1. Liquid joint lubricant used to assist in the installation of the rubber membrane and the bands shall be a non-toxic, NSF/ANSI 61 certified vegetable based lubricating gel.

		2. Required properties:

		a. Does not deteriorate or decompose while in storage for a minimum of 2 years.

		b. Soft, pasty consistency suitable for the use intended from 0 F to 120 F.

		c. Does not have any deteriorating effect on natural or synthetic rubber gaskets.

		d. Will not impart taste or odor to the water.

		e. No objectionable odor.

		f. Non-toxic and does not support the growth of bacteria.

		g. pH:  9.6 minimum to 11 maximum.

		h. No petroleum based oils or grease.





		I. Thread Sealing Compound:

		1. Non-toxic paste type with Teflon.

		2. Teflon components required properties:

		a. Flash point:  410 F, closed cup.

		b. Density:  1.4 to 1.42.

		c. Viscosity:  200,000 cps to 275,000 cps.

		d. Temperature range:  -50 F to 500 F.

		e. Pressure application:  Maximum 10,000 psi.





		J. Hydraulic expander for the installation of steel and stainless steel expansion bands shall be capable of hydraulic expansion pressures of 6,000 psi.





		PART 3 execution

		3.1 preparation

		A. Joint Preparation:

		1. The area of pipe on either side of the joint where the actual lip seals make contact with the pipe shall be prepared to a finish that will allow the lip seals to interface consistently and provide a permanent seal.

		2. High and low surface imperfections running axially through or part way through the sealing surface shall be removed by scraping or grinding.  Deep imperfections that grinding will not remove shall be properly filled with approved non-toxic joint fi...

		3. Joints are to be filled to the full depth of the gap and rendered flush with the internal surface of the pipe:

		a. The filling material shall be a quick-setting or cement mortar that is mixed as required in the pipe.

		b. Surplus material spillage should be removed from the joint work area prior to the surface preparation of the seal area.



		4. The extent of the ground area on either side of the joint shall be compatible with the lip seals and at least one inch extra grinding is recommended on either side of the ribbed section of the seal.

		5. Pipe shall be pre-marked with grease chalk to allow the preparation areas and the seal position to be clearly defined.

		6. When the pipe is concrete or reinforced concrete, apply a thin layer of a quick-setting cement mortar to the preparation area where the seal will be placed.



		B. Surface Preparation:

		1. Immediately prior to fitting the seal, the area shall be cleaned with a dry brush and coated with lubricant.

		2. The lubricant shall be hand-applied using a brush over the prepared area.

		3. Care shall be taken not to pick up dust deposits from the unprepared surface into the lubricant and thereby onto the prepared surface.





		3.2 Installation

		A. Internal joint seals shall be installed in accordance with the Manufacturer’s instructions and the Contract Documents.

		B. Prior to fitting, seals shall be given a thorough visual examination by the operator, paying particular attention to the ribbed (lip seals) sections of the seal.  If the quality of material construction or condition is in doubt, do not use the seals.

		C. Thoroughly clean the areas in which the joints are to be repaired and sealed of grease, dust, debris, roots, and solid or semi-solid matter prior to the start of sealing procedures:

		1. Remove and dispose of loose material.

		2. Properly dispose of these materials at a sanitary landfill or other approved location.



		D. Damage to Pipeline:

		1. Protect the pipeline from damage during cleaning and removal operations.

		2. Repair damage, which may occur, at no additional cost to the OWNER using methods approved by the ENGINEER.



		E. Positioning the Seal:

		1. The seal shall be checked to ensure it is not damaged and the test unit is tight before fitting the seal in place.  Caulk mark the proper location of the seal.

		2. Place the seal in position to bridge the joint gap, guided by the chalk marks indicating the seal position.

		3. Position the seal accurately on the prepared areas.

		4. Locate the test unit in the seal at the 9 o’clock or 3 o'clock position.

		5. Position the seal parallel to the joint gap.



		F. Positioning Retaining Bands:

		1. Before the stainless steel bands are placed in the grooves provided in the seal, 2 stainless steel radiused shims, 6-inches long by 18 gauge to 22 gauge, are placed underneath the wedge area in the grooves.  This provides a bridge that will transmi...

		2. When 2-piece or 3-piece bands are used, bands are temporarily locked in position by means of a special mechanical locking device over the wedge area.



		G. Expanding the Seal into Position:

		1. Use a hydraulic expander to apply a set pressure to the retaining bands of the seal.

		2. When positioning the expander in line with the retaining band, ensure the band remains in the groove of the seal and does not become moved or dislodged.

		3. The set pressure shall be held for a minimum of 2 minutes.

		4. Fit a radiused locking piece called a wedge between the exposed gaps of the expanded band ends:

		a. Select a size of wedge that has a slight frictional fit between the band ends.

		b. The radius of the wedge shall be equal to the radius of the pipe.



		5. Tap the wedge leading edge first into position, locking in the compression of the seal.

		6. Release the pressure from the expander by peening the board for 360 degrees.

		7. Repeat the procedure on the second retaining band of the seal.

		8. Repeat this entire operation after 30 minutes have elapsed after the first expansion.  Install new wedges as necessary.

		9. Once the expanding procedure is complete for bands requiring securing bolts, remove each bolt one at a time, coat with a NSF/ANSI 61 certified threadlocker, and reinstall and torque as recommended by the Manufacturer.  The wedge shall be tightened ...





		3.3 quality control

		A. Pressure Testing:

		1. Internally sealed areas shall be individually pressure tested, by Test 1 and Test 2, prior to the Substantial Completion date.

		2. Test 1:

		a. To be applied after each section has been completed and after 30 minutes have elapsed after the final fitting of the seal.

		b. A pressure of 10 psig is applied to the seal through the test valve and is maintained with a regulated air supply while a soap and water solution is applied to the outer edge and entire body of the seal to detect leaks.

		c. A restraining device shall be locked in its expanding position during testing to prevent excessive ballooning to the center membrane of the seal.



		3. Test 2:  A pressure of 5 psig is applied to the seal through the test valve and maintained with a regulated air supply while a soap and water solution is applied to the outer edge and entire body of the seal to detect leakage.

		4. Test valve assembly:  Following Test 2, the test valve of the seal is sealed with a countersunk hex head completion plug using a non-toxic thread sealing compound on the threads.









		33 11 15 - Polyvinyl Chloride Pipe for Horizontal Directional Drilling

		PART 1 GENERAL

		1.1 SUMMARY

		A. Section includes general information, products, and execution for PVC pipe for HDD.

		B. Related Sections:

		1. SECTION 33 11 01 – PIPING – GENERAL





		1.2 REferenceS

		A. Denver Water (DW):

		1. Engineering Standards, MS-2 – Polyvinyl Chloride Pressure Pipe

		2. Engineering Standards, MS-34 – Tunneling Materials



		B. NSF International/American National Standards Institute (NSF/ANSI):

		1. 61 – Drinking Water System Components – Health Effects





		1.3 definitions

		A. DR:  Pipe diameter divided by pipe wall thickness; a design parameter.

		B. SDR:  Ratio of average specified outside diameter to the minimum specified wall thickness for outside diameter controlled plastic pipe.  Standard intervals exist for this system.



		1.4 Submittals

		A. Product Data:

		1. Pipe.

		2. Adapters.

		3. Fusion machine.



		B. Quality Assurance Submittals:

		1. Training:  Weld training or certification.

		2. Fusion weld field report:

		a. Heating element temperature.

		b. Fusion pressure.

		c. Weld pressure.

		d. Results of bent strap test.





		C. Manufacturer Instructions:

		1. Butt-welding procedures from the pipe Manufacturer.

		2. Butt-welding procedures from the fusion machine.





		1.5 quality assurance

		A. Design Requirements – Working Pressure:  150 psi.

		B. Welder Qualifications:

		1. A minimum of 3 years of documented experience in the Work of this Section.

		2. Approved by the Manufacturer.



		C. Pipe Manufacturer:  Pipe and materials certified to meet the standards listed herein.



		1.6 delivery, storage, and hANDLING

		A. Handling:  Use slings to move pipe.

		B. Storage:

		1. As recommended by the Manufacturer.

		2. Do not cross over individual pipes.

		3. Keep the inside of pipe free of debris.







		PART 2 PRODUCTS

		2.1 approved manufacturers

		A. Pipe:

		1. CertainTeed, Certa-Lok

		2. Underground Solutions, Fusible PVC





		2.2 Materials

		A. Pipe:  In accordance with DW Engineering Standard MS-2, DW Engineering Standard MS-34, and NSF/ANSI 61.

		B. Joints:  Nonmetallic couplings with high-strength, flexible thermoplastic splines inserted into machined grooves in the pipe to provide full 360 degree restraint; fusion welded.





		PART 3 EXEcution

		3.1 installation

		A. Fusion Welding:

		1. Butt-weld pipe.

		2. Use temporary shelter over fusion operations during inclement weather; protect operations from precipitation and cold winds.

		3. Follow the pipe Manufacturer’s and the fusion machine Manufacturer’s recommended procedures.

		4. Fusion steps:

		a. Secure components to be joined.

		b. Face the pipe ends to establish clean, parallel mating surfaces.

		c. Align the pipe profiles; tighten the high side only in the event of uneven alignment.

		d. Use a pyrometer to measure the surface temperature of the heating tool.  Do not exceed the Manufacturer’s heat differentials for same side and opposite side temperatures.

		e. Heat the pipe ends, without pressure, for the time or to the bead size recommended by the Manufacturer.

		f. Remove the heating tool and bring molten pipe ends together within 6 seconds or within the time period recommended by the Manufacturer.

		g. Apply the Manufacturer’s recommended pressure to form a homogenous joint.

		h. Hold the molten joint immobile under pressure until it has cooled adequately to develop strength.  Follow the Manufacturer’s recommendations.

		i. Record temperature, pressure, and time information.



		5. Fusion welds are to be approved by the ENGINEER.

		6. Do not remove internal or external beads.

		7. Butt fusion weld misalignment may not exceed 10% of the minimum wall thickness.

		8. Do not pull pipe through the bore until the joint has cooled for at least 45 minutes.



		B. CertainTeed, Certa-Lok:

		1. Clean exposed pipe and coupling/bell end surfaces to remove debris and contaminants.

		2. Apply a light coating of lubricant to the O-ring gasket as well as the tapered front bevel edge of the spigot.

		3. Do not lubricate nylon splines before inserting them.

		4. Check to make sure that the O-ring gasket is properly seated in its groove, inside coupling or bell end.

		5. Insert the spigot into the coupling/bell end as far in as it will go.

		6. Fully insert the locking splines as far in as they will go.  An alpine insertion tool is available to ease this task.

		7. Once the spline is fully inserted, any portion that projects beyond the spline hole may be cut off.  After pipe pull-in is complete, apply push force to relieve any stretch that may remain in the pipe string.





		3.2 quality control

		A. Inspect pipe upon delivery and prior to installation:

		1. Kinked pipe shall not be installed.

		2. Smooth dress all sharp notches and cuts less than 5% or pipe wall thickness.

		3. Deep cuts (greater than 5% of pipe wall thickness) shall be cut out and rejoined.



		B. Manufacturer Testing:

		1. Test each product lot of pipe for:

		a. Melt index.

		b. Density.

		c. Percent carbon.

		d. DR.

		e. Quick burst or ring tensile strength.





		C. Testing:

		1. Weld inspection:

		a. Trial fusion test, bent strap test:

		1) The first fusion of the day shall be a trial butt fusion weld.

		2) Perform the trial butt fusion in the presence of the ENGINEER.

		3) After the test specimen has cooled to ambient temperature, cut out test straps at least 6 inches or 15 pipe wall thicknesses long on each side of the fusion and 1 1/2 wall thicknesses, minimum of one-inch wide, out of the trial fusion pipe.

		4) Perform bend strap test.

		5) Any disbondment at the fusion is not acceptable.

		6) If the bent strap test fails, change the fusion procedures or machine setup and perform a new trial butt fusion weld.

		7) Field fusion shall not proceed until a test joint has passed the bent strap test.



		b. Fusion welding shall be visually inspected and approved by the ENGINEER:

		1) Faced ends shall be smooth and clean prior to heating.

		2) Faced pipe ends shall remain clean and untouched.

		3) Melted pipe ends prior to jointing shall not have concave ends.

		4) Double bead width shall be 2 times to 2 1/2 times the height from the pipe surface.

		5) Both beads shall be uniform in size and shape all around the joint.

		6) Depth of the v-groove between the beads shall not be more than half the bead height.

		7) Failed fusion welds shall not be repaired but the joint shall be removed and the new pipe ends re-fusion welded.





		2. Leakage testing:

		a. The OWNER will provide water for testing from a no charge hydrant permit.

		b. Preparation:

		1) Completely install and tighten mechanical connections including those on ductile iron pipe.

		2) Concrete kickblocks shall be a minimum of 4 days old.



		c. Test pressure:  As specified in SECTION 33 11 01.

		d. Do not exceed 8 hours prior to filling and testing the pipe.

		e. Test procedure:

		1) Filling phase:

		a) Fill the restrained pipe section completely with water.

		b) Ensure entrapped air is released.



		2) Initial expansion phase:

		a) Gradually pressurize the test section to the test pressure.

		b) Add additional water as necessary to maintain pressure each hour for 3 hours as pipe is allowed to expand.



		3) Test phase:

		a) Immediately following the initial expansion phase, monitor the amount of makeup water required to maintain test pressure for the following 3 hours.

		b) No leakage equals less than 3.4 gallons of makeup water/100 feet of pipe.



		4) Depressurizing:  Drain and depressurize pipe.



		f. Pipe shall relax for 8 hours prior to pressurizing again.







		3.3 cleaning

		A. Use Manufacturer-approved products.







		33 11 17 - Schedule 80 Polyvinyl Chloride Pipe

		PART 1 GENERAL

		1.1 summary

		A. Section includes general information, products, and execution for Schedule 80 PVC pipe.

		B. Related Sections:

		1. SECTION 03 21 55 – ANCHORING TO CONCRETE





		1.2 REFERENCES

		A. ASTM International (ASTM):

		1. D 1784 – Standard Specification for Rigid Poly(Vinyl Chloride) (PVC) Compounds and Chlorinated Poly(Vinyl Chloride) (CPVC) Compounds

		2. D 1785 – Standard Specification for Poly(Vinyl Chloride) (PVC) Plastic Pipe, Schedules 40, 80, and 120

		3. D 2467 – Standard Specification for Poly(Vinyl Chloride) (PVC) Plastic Pipe Fittings, Schedule 80



		B. NSF International/American National Standards Institute (NSF/ANSI):

		1. 61 – Drinking Water System Components – Health Effects





		1.3 SUBMITTALS

		A. Product Data:  The Manufacturer’s literature on PVC pipe and fittings, plastic pipe cement, primers, applicators, and pipe supports.

		B. Shop Drawings.

		C. Joining Procedures.



		1.4 QUALITY ASSURANCE

		A. Pipe and fittings shall bear the NSF hallmark indicating they have been tested and approved for the conveyance of potable water.

		B. System piping components shall be the products of one Manufacturer.





		PART 2 PRODUCTS

		2.1 approved manufacturers

		A. Solvent Cements

		1. IPS Corporation



		B. Primers:

		1. IPS Corporation, P68, P70, or P75



		C. Vertical Pipe Supports for Exposed Pipe Conditions:

		1. Grinnell Power-Strut(, PS 200 EH stainless steel

		2. Pipe clamps:  Grinnell Power-Strut(, PS 1100SS Universal Pipe Clamp (stainless steel)

		3. Stainless steel expansion anchors:  As specified in SECTION 03 21 55



		D. Horizontal Pipe Supports:

		1. Grinnell Power-Strut( PS 200 EH (stainless steel)

		2. Pipe clamps:  Grinnell Power-Strut(, PS 1100SS Universal Pipe Clamp (stainless steel)

		3. Stainless steel expansion anchors:  As specified in SECTION 03 21 55





		2.2 materials

		A. PVC Pipe and Fittings:

		1. PVC pipe and fittings shall be made from virgin compounds in accordance with ASTM D 1784.

		2. Pipe shall be manufactured from PVC Schedule 80, Type 1 (normal impact), Grade 1 (high chemical resistance), in accordance with ASTM D 1785.

		3. Pipe and fittings shall be listed by the PPI as having a hydrostatic design stress rating of 2,000 psi at 73 F.  Materials from which pipe is fabricated shall be certified in accordance with NSF/ANSI 61.

		4. Permissible variations in length, diameter, weight, wall thickness, and straightness of pipe shall be in accordance with ASTM D 1785.

		5. Nominal pipe lengths shall be 20 feet, with shorter lengths as required.

		6. Fittings shall be Schedule 80 socket type in accordance with ASTM D 2467.

		7. Spigot ends of pipe shall have a factory-made 3/32-inch, 10 degree to 15 degree bevel.



		B. Solvent Cements:  See Table 1.

		C. Pipe Supports for Exposed Pipe Conditions:

		1. Vertical pipe supports:  2 stainless steel wedge anchors shall be furnished for each section of channel framing.

		2. Horizontal pipe supports:  In accordance with the dimensions shown on the Drawings.







		PART 3 EXECUTION

		3.1 general

		A. Furnish and install labor, materials, tools, and equipment.

		B. Perform Work and services necessary for the installation of Schedule 80 PVC pipe as shown on the Drawings and as specified in the Contract Documents.

		C. Coordinate with the Work of other trades.

		D. Although such Work is not specifically shown on the Drawings or specified, furnish and install supplementary or miscellaneous items, appurtenances, and devices incidental to or necessary for a sound, secure, and complete installation, such as fitti...



		3.2 installation

		A. PVC Pipe and Fitting Joints:

		1. For PVC pipe and fitting joints, assemble materials for the job including primer, cement, cleaner, and applicator for the size of pipe and fittings to be assembled.

		2. Pipe shall be cut square using a mitre box saw or power saw.  If pipe is not square, it shall be re-cut until square.  Cuts on a diagonal are not acceptable.

		3. Remove burrs or raised beads on the inside of pipe with an internal deburring tool.  On the outside of pipe, remove with a file or external deburring tool.

		4. With a clean, dry rag, remove dirt, grease, shavings, and moisture from the inside and the outside of the joints to be joined.

		5. Check the joint for dry fit prior to cementing.  For a proper joint, the fitting or the pipe joint shall go over the end of the joining pipe easily but become tight about 1/3 to 2/3 of the way.  An acceptable joint shall fully bottom the pipe in th...

		6. Use the properly sized applicator for the size of pipe or fittings being jointed.  An acceptable applicator size shall be approximately 1/2 the pipe diameter.

		7. Prime pipe to penetrate and soften joint surfaces:

		a. Apply the primer into the fitting socket, keeping the surface and applicator wet until the surface has softened.  More applications may be needed for hard surfaces and cold weather conditions.  Re-dip the applicator as required.  When the surface i...

		b. Thoroughly apply primer to the end of pipe to a point 1/2 inch beyond the depth of the socket.

		c. Apply a second application of primer to the fitting socket.  Do not permit the primer to run down the inside of the fitting or pipe.



		8. Using the proper size and type of applicator, apply the appropriate solvent cement while surfaces are wet.

		9. Cementing:

		a. Stir or shake cement prior to using.

		b. Apply a full, even layer of cement to the pipe end equal to the depth of the fitting socket.

		c. Apply a medium layer of cement into the fitting socket; avoid puddling cement in the socket.  On the bell end, do not coat beyond the socket depth or permit cement to run into the pipe beyond the bell.

		d. Apply a second full, even layer of cement on the pipe.





		B. Joint Assembly:

		1. Assemble the pipe and the fitting while cement is wet.  If it is not completely wet, recoat the parts before assembly.  If the cement coatings have hardened, cut pipe, dispose of the fitting, and start over.  While inserting, twist 1/8 to 1/4 until...

		2. Maintain pressure on the joint for a minimum of 30 seconds to eliminate movement or push-out.

		3. After assembly, a joint shall have a ring or bead of cement completely around the juncture of the pipe and the fitting.  If voids are present, the cement was not sufficiently applied; redo the joint.

		4. Using a rag, remove excess cement from the pipe and the fitting including the ring or bead around the socket entrance.

		5. Avoid disturbing or moving the joint.

		6. Handle newly assembled joints carefully until the initial set has taken place, see Table 2.  Follow estimated set and cure times before handling pipe or pressure testing the system, see Table 3.





		3.3 quality control

		A. Pressure Testing:

		1. Furnish testing equipment, materials, tools, and labor.

		2. Conduct pressure testing of each line.  The ENGINEER will be present during pressure testing.  Test each line at 2 times the working pressure or 50 psi, whichever is greater.

		3. Plug or cap ends and openings and disconnect fixtures and other accessories that may interfere or be damaged by the pressure test, as required.

		4. Conduct the pressure test for 60 minutes.  After that time, if the test pressure equals the starting pressure the test shall be acceptable.  If a loss of pressure occurs, determine and repair the point(s) of pressure loss and leakage by methods acc...

		5. Leaking in joints shall be repaired by the CONTRACTOR.  Lines shall be retested until an acceptable test is obtained.

		6. Regardless of a passing test, any visible signs of leakage shall be repaired.









		33 11 55 - Excavation and Fill of Access Openings

		PART 1 general

		1.1 SUMMARY

		A. Section includes general information and execution for excavation and fill of access openings.

		B. Related Sections:

		1. SECTION 03 30 00 – CAST-IN-PLACE CONCRETE

		2. SECTION 31 23 16 – EXCAVATION

		3. SECTION 31 23 24 – TRENCH BACKFILL

		4. SECTION 32 12 16 – ASPHALT PAVING

		5. SECTION 32 16 13 – CURB AND GUTTER





		1.2 references

		A. Colorado Department of Transportation (CDOT):

		1. Standard Specifications for Road and Bridge Construction





		1.3 definitions

		A. Access Openings:  Excavations from grade to below the invert of pipelines used exclusively for access to the pipe for cleaning and lining.



		1.4 SUBMITTALS

		A. Quality Control Submittals:

		1. CLSM:  Certified mix design and test results; include material types and weight per cubic yard for each component of mix.





		1.5 QUALITY ASSURANCE

		A. Notify the ENGINEER when:

		1. The access opening is ready for backfilling.

		2. Whenever backfilling operations are resumed after a period of inactivity.

		3. Fill material appears to be deviating from the Contract Documents.



		B. Description:

		1. Saw cut and remove asphalt paving and concrete for the access opening.  Excavate and remove material down to the water main or service line.  Such material shall be hauled off-site and disposed of properly.  Shore up and maintain the access opening...

		2. The locations of the access opening are shown on the Drawings.  Any additional access openings necessary shall be approved by the ENGINEER.



		C. Subsurface Investigation:  There were no subsurface investigations performed by the OWNER. Conduct investigations to determine whether any additional access pits are necessary due to vertical or horizontal bends or deflections in pipe.

		D. Curb, Gutter, Driveways, and Sidewalks:  Repair or replace existing curb, gutter, driveways, and sidewalks removed or damaged as a result of the Work as specified in section 32 16 13.  Limits of payment for curb, gutter, driveways, and sidewalks as...





		PART 2 Products (not used)

		PART 3 Execution

		3.1 General

		A. Excavation requirements for open cut pipeline installation are specified in SECTION 31 23 16.

		B. Excavation and fill requirements for valves and fire hydrants shall be the same as those for access openings.

		C. Excavate at each access opening as shown on the Drawings and as necessary to complete the Work.  Allow for forms, temporary supports, working space, shoring, fill material, and similar items, wherever applicable.



		3.2 installation

		A. Cutting Asphalt Pavement:

		1. Asphalt surfacing shall be cut vertically through the pavement layer.  In order to provide a straight edge, cut pavement by wheel cutting, saw cutting, abrasive water jet, or an approved method that assures a straight edge for the required depth of...

		2. Surfacing adjacent to the cut shall not be lifted or otherwise disbonded from the support base.

		3. Prior to paving, saw cut asphalt a distance of 6 inches on either side of the trench cut.

		4. Street cuts shall be in straight lines and shall not be located in a wheel path.

		5. The minimum size of a street cut shall be 2 feet by 2 feet wide in asphalt pavement.  This includes the trench width for service connections across asphalt pavement, which shall be a minimum of 2 feet wide.

		6. Where the cut is 2 feet or less from a curb, gutter, or the edge of the roadway, the remaining street surface shall be removed and replaced to the curb, gutter, or edge of the roadway as part of the patch.

		7. Street surfaces shall be neatly cut, rectangular or trapezoidal in shape, and edges shall be parallel and perpendicular or skewed up to 45 degrees from perpendicular to the traffic flow.



		B. Concrete Removal:

		1. Drawings, showing the existing concrete joints, existing joint details, limits of concrete removals, new concrete joints, new concrete joint details, new expansion joint details, design thickness of concrete patch, and such other information as req...

		2. Concrete pads shall be removed in their entirety.  Interior cuts are not acceptable.  This requirement is for flatwork concrete including pavement, driveways, and sidewalks.

		3. Where the removal is to the longitudinal joint, tie bars should be left in place to extend into the patch.  If any bars are removed or destroyed, deformed bars of the same dimension and essentially the same interval shall be used.

		4. The portion of existing pavement to be removed shall be outlined by sawing to a minimum depth of 3 inches.  In no case shall the depth of saw cut be less than 1/3 of the existing pavement thickness.

		5. Worn out saw blades, which cause raveling of concrete edges, shall not be used and could be the cause for the removal of a larger portion of pavement to correct this situation.

		6. No saw cut shall be made less than 12 inches from any edge of an existing or proposed pole.  The width of pavement removed for trenches shall be a minimum of 12 inches wider than the width of the trench, with a minimum of 6 inches required to be re...

		7. Jackhammer practices resulting in chipping or in any way damaging the surface or edges of the concrete pavement outside the limits of the service cut are not permitted.

		8. Any existing contraction joint dowels, expansion joint material, expansion joint dowels, or caps shall be protected from damage during the removal operation.  Dowels shall be straight and contraction joint dowels shall be greased or painted prior t...

		9. Poles are to be wrapped for full-depth of concrete pavement with 3/8-inch premolded asphaltic joint material.

		10. Concrete spalls and chips shall be removed from the subgrade.

		11. The use of street plates on concrete pavements is not allowed from September 30 through April 15.  Use is allowed during other times only with the written permission of the authority having jurisdiction.  When used on concrete pavements, cold-mix ...



		C. Access Openings:

		1. Saw cut asphalt and concrete as specified in this Section.

		2. Excavate down to an elevation below the pipe and provide adequate OSHA approved shoring in all openings to prevent sloughing or caving of the sides.  The access opening shall be shored immediately after excavation.

		3. Remove surplus material from the jobsite. Locations for the disposal of all surplus material shall be approved by the ENGINEER.

		4. Obtain written permission before disposal of any material on private property; furnish a copy of said permission to the ENGINEER.  The OWNER relinquishes all right and title to the surplus material.

		5. Supply steel plates to cover access openings that are not being used.

		a. Design to support HS-20 traffic loads in accordance with the Standard Specifications for Road and Bridge Construction.

		b. Install plates such that all 4 edges overlap the access opening by at least 6 inches.

		c. Should more than one plate be required, a steel beam may be required to support the plate edges, spanning the opening.

		d. Recess plate edges into the pavement. If a concrete road surface is encountered, a transition of cold-mix asphalt from the plate to the street may be used in lieu of recessing the plate edges.

		e. Pin or fasten steel plates to the street to prevent excessive bouncing or movement as traffic passes over them.  Take responsibility for damage that may occur to automobiles, property, and people while steel plates are in use.



		6. Additional requirements regarding the use of steel plates shall be as specified in this Section.



		D. Trench Width for Buried By-Pass Piping:

		1. Minimum trench width:

		a. Cut and excavations: No minimum.

		b. Backfill and restoration: 24 inches.





		E. CLSM:  As specified in SECTION 31 23 24.

		F. Site Restoration:

		1. Additional cast-in-place concrete requirements shall be as specified in SECTION 03 30 00.

		2. Asphalt paving requirements within roadways shall be as specified in SECTION 32 12 16.

		3. Concrete walks, curbs, and miscellaneous flatwork repair and replacement requirements shall be as specified in SECTION 32 16 13.









		33 11 56 - Cleaning In-Place Cast Iron Pipe

		PART 1 GENERAL

		1.1 summary

		A. Section includes general information, products, and execution for cleaning in-place CI pipe.

		B. Related Sections:

		1. SECTION 31 23 24 – TRENCH BACKFILL

		2. SECTION 33 11 55 – EXCAVATION AND FILL OF ACCESS OPENINGS

		3. SECTION 33 11 57 – CEMENT-MORTAR LINING IN-PLACE CAST IRON PIPE





		1.2 subMittals

		A. Product Data:  Cleaning equipment

		B. Quality Control Submittals:

		1. Statement of Qualification:  Equipment Operator





		1.3 quality assurance

		A. Qualifications:

		1. A minimum of 2 years of documented experience in the Work of this Section.

		2. Approved by the Manufacturer.



		B. Take every precaution during pipe cleaning operations to safeguard individuals from injury and property from damage.  Immediately notify the ENGINEER in the event of injury or damage.





		PART 2 Products

		2.1 materials

		A. The equipment used for pipe cleaning shall be designed and manufactured to prevent damage to existing pipe, joints, fittings, and valves.





		PART 3 execution

		3.1 GENERAL

		A. Furnish labor, trucks, equipment, cleaners, and squeegees to mechanically clean pipelines.

		B. Operate cleaning equipment and be responsible for any damage to pipe that occurs during cleaning.

		C. Protect pipe ends from damage due to cable or rod abrasion.  Install steel rollers or guards on pipe ends whenever steel cable is being pulled through the pipe.

		D. Mechanically clean the interior of pipe.  Remove corrosion and chemical deposits, loose and deteriorated remains of old coating materials, oil, and grease.  Ensure there are no remaining accumulations of water, dirt, and debris.  Clean pipe to a de...

		E. Clean pipeline using the cable attached drag cleaning method.  Cleaning equipment provided by the CONTRACTOR shall be dedicated to potable water main use only; it shall not have been previously used for other purposes.

		F. Provide video inspection of the cleaned pipe.

		G. Reclean pipe found to be inadequately cleaned.  An ENGINEER-determined second video inspection may be required prior to lining to verify the effectiveness of cleaning.



		3.2 preparation

		A. Excavations shall be as specified in SECTION 33 11 55.

		B. Accessing the Pipeline:

		1. Access the pipeline by saw cutting the pipe perpendicular to the axis of the pipe.  Remove a 3-foot to 5-foot long piece of the pipe, preferably with a joint in the middle of the section.  When removing a section of pipe for access, do not cut the ...

		2. Any removed piece of pipe, fitting, or appurtenance shall be replaced with new material unless it is specifically authorized by the ENGINEER to be reinstalled.

		3. During construction, cover open pipe with plastic caps.  Add plywood and wedge tight to prevent unauthorized access into the pipeline.



		C. Dewatering the Pipeline:

		1. Cut the pipe and remove the remaining water after the OWNER has taken the pipeline out of service.

		2. If there is water flowing in the pipeline of sufficient quantity as to prevent installation of the lining, locate and identify the source of the leak(s) and notify the ENGINEER.

		3. Stop leaks coming from service taps.  Leaks coming from sideline valves will be stopped by the OWNER by reworking the valve(s).  If this does not stop the leak, replace the sideline valve as directed.



		D. Obstructions:

		1. Obstructions to the passage of the cleaning tool due to bends, reducers, stays, or other fittings not shown on the Drawings may require additional openings.  A fitting with a different inside dimension from the main water main is not considered an ...

		2. Costs resulting from obstructions shall be paid in accordance with the General Conditions.









		33 11 57 - Cement-Mortar Lining In-Place Cast Iron Pipe

		PART 1 general

		1.1 summary

		A. Section includes general information, products, and execution for CML of in-place CI pipe.

		B. Related Sections:

		1. SECTION 33 11 56 – CLEANING IN-PLACE CAST IRON PIPE





		1.2 references

		A. American Water Works Association (AWWA):

		1. C602 – Standard for Cement-Mortar Lining of Water Pipelines in Place – 4 In. (100mm) and Larger



		B. ASTM International (ASTM):

		1. C 40 – Standard Test Method for Organic Impurities in Fine Aggregates for Concrete

		2. C 143 – Standard Test Method for Slump of Hydraulic-Cement Concrete

		3. C 150 – Standard Specification for Portland Cement

		4. C 494 – Standard Specification for Chemical Admixtures for Concrete

		5. C 618 – Standard Specification for Coal Fly Ash and Raw or Calcined Natural Pozzolan for Use in Concrete

		6. E 11 – Standard Specification for Woven Wire Test Sieve Cloth and Test Sieves



		C. NSF International/American National Standards Institute (NSF/ANSI):

		1. 61 – Drinking Water System Components – Health Effects





		1.3 SEQUENCING AND SCHEDULING

		A. Clean the pipelines as specified in SECTION 33 11 56.

		B. CML after the pipe has been cleaned and its condition approved by the ENGINEER.



		1.4 submittals

		A. Product Data:

		1. CML equipment.

		2. Admixtures.

		3. Cement-mortar mix NSF/ANSI 61 approval.



		B. Quality Control Submittals:

		1. Mix design:  Submit prior to CML pipe.

		2. Statement of Qualification:  Cement-mortar equipment operator.





		1.5 quality assurance

		A. CI Pipe:

		B. Tolerances:  +1/8 inch, -1/16 inch.

		C. Guarantee the minimum Hazen-Williams C-value based on the nominal diameter of the pipeline; the OWNER will perform tests.





		PART 2 products

		2.1 Materials

		A. Cement-Mortar Design:

		1. Composition:  Cement, sand, and water that are well-mixed and of such consistency as to produce a dense, homogeneous lining that will adhere firmly to the pipe surface.

		2. Proportions:

		a. One part of portland cement to 1 to 1 1/2 parts of sand by volume.

		b. Determine exact proportions by the characteristics of the sand used.

		c. Pozzolanic material, if used, shall be substituted for a part of the portland cement in a proportion of one part pozzolanic material to 5 parts portland cement by volume.

		d. Admixtures, if used, shall be in accordance with the Manufacturer's recommendations.



		3. Water content:  The minimum quantity that produces a workable mixture with full allowance made for moisture collecting on the interior of pipe surfaces.

		4. Mixing:  Long enough to obtain maximum plasticity.  Use mortar before initial set.



		B. Portland Cement:  ASTM C 150, Type I or II.

		C. Pozzolanic Material and Admixtures:

		1. May be used only upon prior approval of the ENGINEER in accordance with ASTM C 618, Type C, F, or N.

		2. Admixtures in accordance with ASTM C 494 may be used, at the option of the CONTRACTOR, provided the ratio of admixture to portland cement does not exceed that used in the ASTM C 494 qualification tests.

		3. No admixtures shall be used that would have a deleterious effect on potable water flowing in the pipe after the CML has been placed.



		D. Sand:

		1. Inert granular material.

		2. Grains shall be strong, durable, and uncoated.

		3. Well-graded; pass a No. 16 mesh screen with no more than 5% passing the No. 100 sieve; sieve sizes shall be in accordance with ASTM E 11.

		4. Free from injurious amounts of dust, clay, lumps, shale, soft or flaky particles, mica, loam, oil, alkali, or other deleterious substances.

		5. The total weight of such substances shall not exceed 3% of the combined weight of the substances and the sand that contains them.

		6. In addition, limitations shall apply to specific substances as follows:

		7. Shall not show a color value darker than the referenced standard color solution prepared in accordance with ASTM C 40.



		E. Water shall be clean and free from injurious amounts of mud, oil, organic material, or other deleterious substances.





		PART 3 execution

		3.1 general

		A. Furnish and apply CML for CI mains designated on Drawings.  Remove debris prior to lining; ensure the pipeline is clean and dry enough to apply CML effectively.



		3.2 installation

		A. Equipment:

		1. Produce a smooth surface.

		2. Only machines that have successfully placed CML similar to that herein specified, have been in service, and have proved satisfactory for the diameters specified, in the opinion of the ENGINEER, will be acceptable.  Equipment used shall be in good o...

		3. Provide personnel trained in the use of the equipment for its operation; on-the-job trainees are not be acceptable.

		4. Equipment used shall be dedicated to potable water service only; it shall not have been previously used for other purposes.



		B. Machine Application:

		1. Preparation:  Clean pipe as specified in SECTION 33 11 56.

		2. Application:

		a. One course application of the cement-mortar shall be placed in an uninterrupted continuity by a centrifugal machine that projects the mortar against the wall of the pipe, with minimum rebound and with sufficient velocity to cause the mortar to be d...

		b. Sand pockets or lack of homogeneity will not be permitted.  Compressed air shall not be used in the mixing or transportation of cement-mortar; it will only be allowed to power the equipment being used.

		c. Mechanically control the rate of travel of the machine and the rate of discharge of the mortar against the wall of the pipe to produce a smooth surface with uniform thickness without material segregation.

		d. The machine shall be equipped with attachments for mechanically troweling the mortar, with the machine traveling ahead of the lining and troweling operation.  The trowel arrangement shall be such that the pressure applied to the CML is kept uniform...

		e. Where accessible and necessary, pack open joints with mortar before lining to provide a smooth surface across the joint.  Moisten and clean mortared areas before machine lining.





		C. Hand-Application:

		1. General:

		a. In areas where machine placing of the CML is impracticable, such as sharp bends, specials, through large diameter crosses, and areas close to valves, place the CML by hand upon approval of the ENGINEER.

		b. Cement-mortar for hand-work shall be of the same materials as the mortar for machine placed CML.

		c. The surface shall be uniform with smooth transitions to adjacent machine placed CMLs and applied to the limits shown on the Drawings for fittings, outlets, and connecting piping.  The ENGINEER may order the correction of any defect.



		2. Special requirements:

		a. Areas to receive hand-applied CML shall be moistened with water immediately prior to placing the hand-applied mortar.

		b. Steel finishing trowels shall be used for the hand-application of cement-mortar, except at bends.

		c. The outer edges of hand-troweled areas may be brushed to reduce the abutting offset.

		d. Complete hand-finishing work within one day after completion of the machine application of CML to that section.  If necessary, delay or stop the application of CML by machine to assure compliance with this schedule.





		D. Surface Finish:

		1. Mechanically troweled except for places where hand-troweling or the placement of unfinished CML has been approved by the ENGINEER.

		2. Produce uniform thickness, smooth and free of spiral shoulders on troweled CML.

		3. Unfinished CML shall be smooth and regular although slightly dimpled; ridges or uneven buildup caused by an irregular travel rate of the machine will not be accepted; areas to be lined without being mechanically troweled shall be approved in writin...



		E. Curing:

		1. After completion of the CML and hand-finishing of a section of pipe or at the end of a day's run of the machine, the pipe shall be tightly closed by an approved means at both ends and a moist atmosphere maintained to keep the CML damp and prevent t...

		2. Introduce water into the closed section to maintain a moist atmosphere and keep the CML damp as soon as practicable after placing the CML.

		3. Cure CML until the section of pipe is filled with water by the OWNER; do not exceed 7 days.





		3.3 PROTECTION

		A. Do not leave laterals or connections obstructing the pipe from being lined.

		B. Flush openings that are 3 inches or less that may be plugged or filled with debris by CML or cleaning operations with air or water:

		1. The manner of flushing shall not cause damage to the freshly applied CML.

		2. Any damage to the CML during the clearing of openings shall be repaired to the satisfaction of the ENGINEER.

		3. If any taps, laterals, or service connections cannot be cleared by backflushing following the CML operation, clear the opening and provide water to the tap, lateral, or service connection in a manner approved by the ENGINEER.



		C. The OWNER will flush sidelines and 3-inch and larger services prior to and after the CML operation.



		3.4 QUALITY CONTROL

		A. General Inspection:

		1. The ENGINEER will inspect construction, workmanship, and materials covered.  Provide such materials and give such assistance as may be required to provide for safe inspection and testing.

		2. The quality of the unlined pipe shall be agreed upon prior to lining.

		3. The ENGINEER will inspect mains after lining utilizing CCTV inspection equipment.

		4. Repair damage to the CML caused by the ENGINEER during the removal of a portion of the CML to inspect its thickness.



		B. Defective CMLs:

		1. Defects in CML include, but are not limited to, sand pockets, voids, over-sanded areas, excessively cracked and drummy areas, areas of CML that are thinner than specified, and areas of unsatisfactory surface finish.

		2. Temperature and shrinkage cracks in the CML less than 1/16-inch in width do not need to be repaired.  Cracks wider than 1/16-inch in width shall be repaired.  Cracks smaller than 1/16 inch in width do not need to be repaired if it can be demonstrat...

		3. CML not applied as specified in this Section is subject to rejection by the OWNER.  Remove and replace rejected CML.

		4. Replace defective areas encompassing the full diameter of the pipe by machine wherever practicable.

		5. Any depressions (craters) greater than 3 inches in the CML material that are a result of the service line blowback process, as determined by CCTV inspection, shall be excavated and replaced at the CONTRACTOR’s expense.



		C. The ENGINEER will take samples, at random, of the mortar used in the CML to verify the mix proportions and determine mix strength.

		D. Slump tests will be taken on freshly mixed mortar in accordance with ASTM C 143; results shall be within the limits of AWWA C602.







		33 12 16 - Water Utility Distribution Valves

		PART 1 GENERAL

		1.1 summary

		A. Section includes general information, products, and execution for water utility distribution valves.

		B. Related Sections:

		1. SECTION 01 44 33 – MANUFACTURERS’ SERVICES

		2. SECTION 09 97 13.04 – WAX TAPE COATINGS FOR THE EXTERIOR OF METALLIC PIPING SYSTEMS

		3. SECTION 40 27 95 – ELECTRIC VALVE ACTUATORS





		1.2 REFERENCES

		A. American National Standards Institute (ANSI):

		1. B16.1 – Gray Iron Pipe Flanges and Flanged Fittings



		B. American Water Works Association (AWWA):

		1. C111 – Rubber Gasket Joints for Ductile-Iron Pressure Pipe and Fittings

		2. C207 – Standard for Steel Pipe Flanges for Waterworks Service Sizes 4 Inch Through 144 Inch (100mm Through 3.600mm)

		3. C508 – Standard for Swing-Check Valves for Waterworks Service, 2 inch Through 24 inch (50mm Through 600mm) NPS

		4. C509 – Standard for Resilient-Seated Gate Valves for Water Supply Service

		5. C512 – Standard for Air Release, Air/Vacuum and Combination Air Valves for Waterworks Service

		6. C515 – Standard for Reduced-Wall, Resilient-Seated Gate Valves for Water Supply Service

		7. C517 – Standard for Resilient-Seated Cast Iron Eccentric Plug Valves

		8. C550 – Standard for Protective Interior Coatings for Valves and Hydrants

		9. C800 – Standard for Underground Service Line Valves and Fittings



		C. ASTM International (ASTM):

		1. A 27 – Standard Specification for Steel Castings, Carbon, for General Application

		2. A 48 – Standard Specification for Gray Iron Castings

		3. A 536 – Standard Specification for Ductile Iron Castings

		4. B 61 – Standard Specification for Steam or Valve Bronze Castings

		5. B 62 – Standard Specification for Composition Bronze or Ounce Metal Castings

		6. B 98 – Standard Specification for Copper-Silicon Alloy Rod, Bar and Shapes

		7. B 127 – Standard Specification for Nickel-Copper Alloy (UNS N04400) Plate, Sheet, and Strip

		8. B 139 – Standard Specification for Phosphor Bronze Rod, Bar, and Shapes

		9. B 164 – Standard Specification for Nickel-Copper Alloy Rod, Bar, and Wire

		10. B 194 – Standard Specification for Copper-Beryllium Alloy Plate, Sheet, Strip, and Rolled Bar

		11. B 584 – Standard Specification for Copper Alloy Sand Castings for General Applications

		12. B 763 – Standard Specification for Copper Alloy Sand Castings for Valve Applications



		D. Denver Water (DW):

		1. Engineering Standards, MS-5 – Resilient Seated Gate Valves

		2. Engineering Standards, MS-7 – Swing Check Valves

		3. Engineering Standards, MS-11 – Combination Air-Release and Vacuum Valves 1 through 4-Inch

		4. Engineering Standards, MS-12 – Cast Iron Valve Boxes



		E. NSF International/American National Standards Institute (NSF/ANSI):

		1. 61 – Drinking Water System Components – Health Effects

		2. 61, Annex G – Weighted Average Lead Evaluation Procedure to a 0.25% Lead Requirement

		3. 372 – Drinking water system components - Lead content



		F. The Society for Protective Coatings (SSPC):

		1. SP 6 – Commercial Blast Cleaning





		1.3 SUBMITTALS

		A. Shop Drawings:

		1. Product data sheets for the make and model.

		2. Complete catalog information, descriptive literature, specifications, and identification of the materials of construction.

		3. Factory mechanical drawings of the complete actuator assembly including the electric motor, pedestal, and rod extensions.

		4. Open/close and throttling sizing calculations.

		5. Maximum torque capabilities of the operator mechanism and the operating torque requirement for each valve under the specified operation condition.

		6. Factory electrical drawings showing the schematic representation of the complete power and control circuitry and wiring diagrams showing interconnections, wire designations, and terminal numbers for remote operation and position indication by the O...

		7. Factory installation and services information giving full installation and adjustment instructions and part listings for field replaceable parts.

		8. Listings of normal starting and running currents and full nameplate data from the motor.

		9. Provide drawings in .dwg or .dxf electronic format.

		10. Shop and field painting systems proposed.



		B. Quality Control Submittals:

		1. Certificate of compliance for:

		a. Gate valves in accordance with AWWA C509 or C515.

		b. Eccentric plug valves in accordance with AWWA C517.

		c. Combination air valves in accordance with AWWA C512.



		2. Tests and inspection data.

		3. Manufacturer's certificate of proper installation.

		4. Installation O&M manuals.





		1.4 quality assurance

		A. Valves:

		1. Include actuators, handwheels, chain wheels, extension stems, floor stands, worm gear actuators, operating nuts, chains, and accessories for a complete installation in accordance with the Contract Documents.

		2. Shall be suitable for intended service; renewable parts shall not be of a lower quality than specified.

		3. Shall be the same size as adjoining pipe.

		4. Ends shall suit adjacent piping.

		5. Size actuators to operate valves for the full range of pressures and velocities.

		6. Open by turning:

		a. Clockwise to open.

		b. Recycled system valves:  Counter-clockwise to open with a pentagon wrench nut.



		7. Factory-mount actuator and accessories.

		8. Bolt holes for flanges for valves having flange insulation kits shall be 1/4 inch larger than the standard size.







		PART 2 PRODUCTS

		2.1 approved manufacturers

		A. Type V104 Gate Valve:

		1. Crane Co., Cat. No. 437

		2. Stockham, B128



		B. Type V125 Resilient-Seated Gate Valve:

		1. In accordance with DW Engineering Standard MS-5



		C. Type V200 Globe Valve:

		1. Crane Co., 7TF, threaded end

		2. Stockham, B-22T, threaded end

		3. Stockham, B-24T, soldered end



		D. Type V300 Ball Valve:

		1. Apollo, 82 series

		2. Milwaukee, BA-300, threaded ends

		3. Milwaukee, BA-350, soldered ends



		E. Type V301 Ball Valve:

		1. Apollo, 71 series

		2. Milwaukee, BA100, threaded end

		3. Milwaukee, BA150, soldered ends

		4. Nibco, T-580-70



		F. Type V402 Eccentric Plug Valve:

		1. Dezurik

		2. Pratt

		3. Val-Matic



		G. Type V462 Gauge Cock:

		1. United Brass Works, Figure 973



		H. Type V464 Corporation Stop:

		1. AY McDonald

		2. Cambridge Brass

		3. Mueller Co.

		4. Ford Meter Box Co.



		I. Type V605 Check Valve:

		1. Milwaukee

		2. Stockham



		J. Type V606 Check Valve:

		1. Crane Co., Cat. No. 383

		2. Stockham, G-931



		K. Type V608 Swing Check Valve:

		1. Cla-Val Flex-Check, Model 584

		2. Val-Matic Swing-Flex, Series 500



		L. Type V609 Check Valve:

		1. Val-Matic Wafer Style Silent Check Valve, 1400 Series



		M. Type V690 Flap Gate:

		1. Rodney Hunt Co., Series FV-AC or FV-AR

		2. Waterman Industries, Inc., Model F-20 or F-25



		N. Type V747 Combination Air Release and Air Vacuum Valve:

		1. In accordance with DW Engineering Standard MS-11



		O. Type V940 Solenoid Valve:

		1. ASCO

		2. Skinner



		P. Floor Stand and Extension Stem:

		1. Clow, Figure F-5515

		2. Mueller Co.



		Q. Floor Box and Stem:

		1. Clow, No. F5690

		2. Neenah Foundry, R 7506



		R. Chain Wheel and Guide:

		1. Clow Corp., Figure F-5680

		2. DeZurik Corp., Series W

		3. Walworth Co., Figure 804



		S. CI Valve Box:

		1. In accordance with DW Engineering Standard MS-12



		T. CI Curb Stop Valve Box:  Designed for traffic loads, adjustable screw type, with a minimum of 2 3/4-inch ID shaft.

		1. In accordance with DW Engineering Standard MS-12



		U. Gauge Cock Valves 1/8-inch to 3/8-inch:

		1. Ernst Gage Co.

		2. Lunkenheimer





		2.2 MATERIALS

		A. Brass and bronze valve components and accessories that have surfaces in contact with potable water shall be alloys containing less than 16% zinc and 2% aluminum and shall be certified to comply with NSF/ANSI 61, NSF/ANSI 61 Annex G, and NSF/ANSI 372.

		B. Approved alloys are of the following ASTM designations:

		1. B 61, B 62, B 98 (Alloy No. C65100, C65500, or C66100), B 139 (Alloy No. C51000), B 584 (Alloy No. C90300 or C94700), B 164, B 194, B 127, and ASTM B 763 (Alloy No. C99500).

		2. Stainless steel Alloy 18-8 may be substituted for bronze.



		C. Valves:

		1. Gate valves:

		a. In accordance with DW Engineering Standard MS-5.

		b. Type V104 gate valve smaller than 3-inches:  All-bronze, screwed bonnet and ends, single solid wedge gate, non-rising stem, rated 300 psi SWP, 300 psi WOG.

		c. Type V125 resilient-seated gate valve 3-inches and larger for water service:

		1) Except as modified or supplemented herein, resilient-seated gate valves shall be in accordance with AWWA C509 or AWWA C515.

		2) Mechanical joints shall be in accordance with AWWA C111.  Tee head bolts and nuts shall be fabricated from a high-strength, low-alloy steel known as Cor-Ten, Usalloy, or shall be DI Durabolt.

		3) Provide handwheel for exposed valves and 2-inch wrench nuts for buried valves.



		d. Recycled water:

		1) Valve operator fitted with a pentagon wrench nut.

		2) Nut coated with epoxy, Pantone 2577U in color.

		3) Label valves and operators in vaults with inert plastic labels stating “Recycled Water Facilities” in white letters on purple background.





		2. Globe valves:

		a. Type V200 globe valve 3-inches and smaller:  All-bronze, union bonnet, inside screw, rising stem, PTFE disc, rated 150 psi SWP, 300 psi WOG.



		3. Ball valves:

		a. Type V300 ball valve, 4-inches and smaller for general water and air service:  Bronze, 3-piece, full port, blow-out proof stem, soldered or threaded ends, RPTFE seats and packing, hand lever operation, rated 150 pound SWP, 600 psi WOG.

		b. Type V301 ball valve, 4-inches and smaller for general water service:  316 stainless steel body, full port, stainless steel ball, stainless steel seat with satellite overlay, PTFE chevron packing, stainless steel shaft, flanged ANSI Class 150.



		4. Plug valves:

		a. Type V402 eccentric plug valve:

		1) Except as modified or supplemented herein, eccentric plug valves shall be in accordance with AWWA C517.

		2) Class 150 rating, capable of bi-directional flow and shutoff.

		3) Gray or DI body and plug, Buna-N encapsulated plug, self-adjusting U-type or V-type packing, stainless steel shaft radial bearings, top and bottom grit seals, flanged ends.

		4) The seat shall be 99% nickel alloy, welded into the body.

		5) Flanges in accordance with ANSI B16.1, Class 125; machined to a flat surface with a serrated finish in accordance with AWWA C207; shall not be coated with the same coating as the body.

		6) For valves 4-inches and larger, provide manual worm gear actuators with position indication; sized to actuate with a shutoff pressure differential equal to the design pressure and a flow velocity of 30 feet per second; furnished with handwheels unl...



		b. Type V462 gauge cock:  1/4-inch bronze body, hexagon end pattern, tee head, female ends, rated 125 psi SWP.

		c. Type V464 corporation stop:  In accordance with AWWA C800 type, tapered threaded inlet, except when connecting to tapped fittings which require IPS tapered threads, outlet compression connection, or IPS threads to suit connecting pipe, rated 150 psi.



		5. Check and flap valves:

		a. Type V605 check valve 2-inches and smaller:  All-bronze, screwed ends and cap, swing type replaceable Buna-N disc, rated 150 psi SWP, 200 psi WOG.

		b. Type V606 check valve 2 1/2-inches through 12-inches:  Flanged end, CI body, bronze mounted swing type, solid bronze hinges, stainless steel hinge shaft, outside lever and weight, rated 125 psi SWP, 200 psi WOG.

		c. Type V608 swing check valve 2-inches and larger:

		1) In accordance with DW Engineering Standard MS-7.

		2) Except as modified or supplemented herein, swing check valves shall be in accordance with AWWA C508.

		3) Flanged ends, in accordance with ANSI B16.1, Class 125.

		4) Iron body, domed access cover.

		5) Seating surface on a 45 degree angle.

		6) Disc shall be one-piece construction, precision molded with an integral O-ring type sealing surface with steel and nylon reinforcement.

		7) Thirty five degree disc stroke.

		8) Internal and external epoxy-coated.



		d. Type V609 check valve, spring-loaded interval plunger:  Wafer body, bronze plunger, stainless steel spring.

		e. Type V690 flap gate:

		1) CI body, bronze mounted, flanged frame type, dual pivot-point hinge arms, hinge arms bronze, hinge pins Type 304 stainless steel, seat bronze and impacted into grooves in body and cover flap, lubrication fittings for each pivot.

		2) Type 316 stainless steel anchor bolts or CI wall thimble as shown on the Drawings.





		6. Miscellaneous valves:

		a. Type V747 combination air release and air vacuum valve, 2-inch to 6-inch:

		1) In accordance with DW Engineering Standard MS-11.

		2) General:  Except as modified or supplemented herein, valves shall be in accordance with AWWA C512.

		3) Shop assembled and shipped as a complete unit ready for field installation.

		4) Valve body and cover:

		a) The combination air valve shall be the single body type for valves 4-inch and smaller; dual body allowed on 6-inch valves.

		b) Maximum working pressure of 150 psi.

		c) Material shall be one of the following:

		(1) CI:  ASTM A 48, Class 35A.

		(2) Cast steel:  ASTM A 27, Grade U60-30.

		(3) DI:  ASTM A 536, Grade 65-45-12.





		5) Internal parts:

		a) Each valve shall be supplied with stainless steel trim, which includes the float, float arm, guide bushings, plug, and connecting hardware.

		b) Float shall be stainless steel.  Lever frame shall be Delrin.  Other internal parts shall be fabricated from bronze or stainless steel.



		6) Valve seat:  Buna-N or Nitrile.

		7) Size of orifices:  Small orifice minimum diameter shall be 3/32-inch for 4-inch valves and smaller and 3/16-inch for 6-inch valves.

		8) Inlet:  2-inch valves shall be threaded; 4-inch and larger valves shall be flanged.

		9) Maximum operating pressure:  150 psig.

		10) Testing:  Each shop assembled valve shall be given a hydrostatic test of 2 times the rated operating pressure and during the test; air shall be injected to test the ability to release entrained air to the atmosphere under operating pressure.

		11) Coating:  Epoxy coating on ferrous internal surfaces and primer coating on external surfaces.

		12) Certification:  The Manufacturer shall furnish a sworn statement that the inspection and the specified tests have been made and the results thereof comply with the requirements of the applicable Standards herein specified.



		b. Type V940 solenoid valve 2-inches and smaller:

		1) Two-way internal pilot operated diaphragm type, brass body, resilient seat suitable for air or water, solenoid coil molded epoxy, NEMA Class A, 120 VAC, 60 Hz, unless otherwise shown on the Drawings; solenoid enclosure NEMA 250, Type 4 unless other...

		2) Minimum operating pressure differential no greater than 5 psig, maximum operating pressure differential no less than 125 psig.









		2.3 ACCESSORIES

		A. Actuators:

		1. General:  Valves shall be equipped with actuators.  The valve actuator types, as specified herein, describe only the general characteristics of the actuator.  The actuator shall be compatible with the valve with which it will be used.  The actuator...

		2. Manual actuators:

		a. Actuator force shall not exceed 80 pounds under any operating condition, including initial breakaway; supply a gear reduction actuator when force exceeds 80 pounds.

		b. Actuator shall be a self-locking type or equipped with a self-locking device.

		c. Position indicator on quarter-turn valves.

		d. Painted in accordance with the requirements for exposed valves.

		e. Chain wheel operator with tiebacks, extension stem, floor stands, and other accessories to permit operation from normal operation level.

		f. Valve handles shall be able to take wheels, a chain, and a padlock.



		3. Electric actuators:  As specified in SECTION 40 27 95.



		B. Tagging:  1/2-inch diameter heavy brass or stainless steel tag for each valve operator bearing the valve tag numbers shown on the Valve Schedule and the P&ID Drawing.

		C. Limit Switch:

		1. Factory-installed limit switch by the actuator Manufacturer.

		2. SPST, rated at 5 amperes, 120 VAC.



		D. Extension Bonnet for Valve Operator:  Complete with stem and accessories for the valve and the operator.

		E. Floor Stand and Extension Stem:

		1. Non-rising, indicating type.

		2. Complete with stem, coupling, handwheel, stem guide brackets, and yoke attachment.

		3. Stem guide:  Space such that stem L/R ratio does not exceed 200.

		4. Anchor bolts:  Type 304 stainless steel.



		F. Floor Box and Stem:

		1. Plain type, for support of non-rising type stem.

		2. Complete with stem, operating nut, and stem guide brackets.

		3. Stem guide:  Space such that stem L/R ratio does not exceed 200.

		4. Anchor bolts:  Type 304 stainless steel.



		G. Chain Wheel and Guide:

		1. Chain wheel direct-mount type.

		2. Complete with chain, galvanized or cadmium-plated.



		H. CI Valve Box:

		1. Designed for traffic loads, 3-piece, adjustable screw type, with minimum of 6-inch ID shaft:

		a. Box:  CI with a minimum depth of 9 inches.

		b. Lid:  CI, a minimum depth of 3 inches, marked as shown on the Drawings.

		c. Extensions:  CI.





		I. CI Curb Stop Valve Box:

		1. Designed for traffic loads, adjustable screw type, with a minimum of 2 3/4-inch ID shaft:

		a. Box:  CI with a minimum depth of 9 inches.

		b. Lid:  CI with a minimum depth of 3/4 inch marked as “WATER”.

		c. Extensions:  CI.





		J. Gauge Cock Valves, 1/8-inch to 3/8-inch:

		1. Bronze body, hexagon male and female ends and tee head.

		2. Rated for 125 psi SWP.





		2.4 FINISHes

		A. Internal Surfaces and External Surfaces of Buried Valves:

		1. Ferrous surfaces except machined or bearing surfaces.

		2. In accordance with AWWA C550.

		3. Coated with a 2-part thermosetting epoxy in 2 or more uniform coats or with fusion-bonded epoxy.

		4. MDFT 10 mil, except where limited by valve operating tolerances.



		B. External Surfaces of Exposed Valves:

		1. Preparation in accordance with SSPC SP 6.

		2. Coated with one coat of anti-corrosive epoxy primer.

		3. MDFT 3 mil.

		4. Flange faces shall be coated with rust preventative compound, Houghton Rust Veto M.P., or Rust-Oleum R-9, 3 mil.

		5. Safety isolation valves and lockout valves with handles, handwheels, or chain wheels shall be safety yellow.



		C. Field Coating:  As specified in SECTION 09 97 13.04.





		PART 3 EXECUTION

		3.1 INSTALLATION

		A. Flange Ends:

		1. Flanged valve bolt holes shall straddle the vertical centerline of pipe.

		2. Clean flanged faces, insert gasket and bolts, and tighten nuts progressively and uniformly.



		B. Screwed Ends:

		1. Clean threads by wire brushing or swabbing.

		2. Apply joint compound.



		C. Valve Orientation:

		1. As specified herein or as shown on the Drawings.

		2. Install the operating stem vertical when a valve is installed in horizontal runs of pipe having centerline elevations 4 1/2 feet or less above the finished floor.

		3. Install the operating stem horizontal in horizontal runs of pipe having centerline elevations between 4 1/2 feet and 6 3/4 feet above the finish floor.

		4. Orient the butterfly valve shaft so that unbalanced flows or eddies are equally divided to each half of the disc; i.e., the shaft is in the plane of rotation of the eddy.

		5. If no plug valve seat position is shown on the Drawings, locate as follows:

		a. Horizontal flow:  The flow shall produce an unseating pressure and the plug shall open into the top half of valve.

		b. Vertical flow:  Install seat in the highest portion of the valve.





		D. Install a line size ball valve and union upstream of each solenoid valve, in-line flow switch, or other in-line electrical device, excluding magnetic flow meters, for isolation during maintenance.

		E. Locate the valve to provide accessibility for control and maintenance.  Install access doors in finished walls and plaster ceilings for valve access.

		F. Extension Stem for Operator:  Where the depth of the valve is such that its centerline is more than 3 feet below grade, furnish an operating extension stem with a 2-inch operating nut to bring the operating nut to a point 6 inches below the surface...

		G. Torque Tube:  Where the operator for the quarter-turn valve is located on a floor stand, furnish an extension stem torque tube of a type properly sized for maximum torque capacity of the valve.

		H. Floor Box and Stem:  The steel extension stem length shall locate operating nut in floor box.

		I. Chain Wheel and Guide:  Install chain wheel and guide assemblies or chain lever assemblies on manually operated valves over 6 3/4 feet above the finished floor.  Where chains hang in normally traveled areas, use appropriate L type tie-back anchors.



		3.2 quality control

		A. Tests and Inspections:

		1. The valve may be tested while testing pipelines or as a separate step.

		2. Test that the valves open and close smoothly with operating pressure on one side and atmospheric pressure on the other, in both directions for 2-way valve and applications.

		3. Inspect air and vacuum valves as the pipe is being filled to verify that venting and seating is fully functional.

		4. Count and record the number of turns to open and close the valve; account for any discrepancies with the Manufacturer's data.

		5. Set, verify, and record set pressures for relief and regulating valves.



		B. Manufacturer’s Field Service:  As specified in SECTION 01 44 33.
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SECTION 40 27 00 
PROCESS PIPING – GENERAL 


PART 1 GENERAL 
1.1 SUMMARY 


A. Section includes general information, products, and execution for process piping – general. 
B. Related Sections: 


1. SECTION 01 60 00 – MATERIAL AND EQUIPMENT 
2. SECTION 03 30 00 – CAST-IN-PLACE CONCRETE 
3. SECTION 09 90 00 – PAINTING AND COATING 
4. SECTION 09 97 13 – TAPE COATINGS FOR THE EXTERIOR OF STEEL WATER PIPELINES 
5. SECTION 09 97 22 – HEAT-SHRINK COATINGS FOR THE EXTERIOR OF METALLIC PIPING SYSTEMS 
6. SECTION 26 42 16 – FLANGE ELECTRICAL ISOLATION AND JOINT CONTINUITY BONDING FOR 


CATHODICALLY PROTECTED METALLIC PIPING SYSTEMS AND BOLTED SLEEVE TYPE COUPLINGS 
7. SECTION 31 23 23 – FILL 
8. SECTION 33 11 01 – PIPING GENERAL 
9. SECTION 33 11 01.01 – STEEL PIPING 
10. SECTION 33 11 01.02 – DUCTILE IRON PIPING 
11. SECTION 40 27 01 – PROCESS PIPING SPECIALTIES 
12. SECTION 40 42 13 – PROCESS PIPING INSULATION  
13. SECTION 40 80 01 – PROCESS PIPING LEAKAGE TESTING 


1.2 REFERENCES 
A. American Association of State Highway and Transportation Officials (AASHTO): 


1. Standard Specifications for Highway Bridges 
B. American Society of Mechanical Engineers (ASME): 


1. A13.1 – Scheme for Identification of Piping Systems 
2. B1.20.1 – Pipe Threads, General Purpose (Inch) 
3. B16.1 – Gray Iron Pipe Flanges and Flanged Fittings 
4. B16.3 – Malleable Iron Threaded Fittings:  Classes 150 and 300 
5. B16.5 – Pipe Flanges and Flanged Fittings  
6. B16.9 – Factory-Made Wrought Buttwelding Fittings 
7. B16.11 – Forged Fittings, Socket-Welding and Threaded 
8. B16.21 – Nonmetallic Flat Gaskets for Pipe Flanges 
9. B16.22 – Wrought Copper and Copper Alloy Solder Joint Pressure Fittings 
10. B16.24 – Cast Copper Alloy Pipe Flanges and Flanged Fittings 
11. B31.3 – Process Piping 
12. B31.9 – Building Services Piping 
13. B36.10M – Welded and Seamless Wrought Steel Pipe 


C. American Water Works Association (AWWA): 
1. C104 – Cement-Mortar Lining for Ductile-Iron Pipe and Fittings for Water 
2. C205 – Cement-Mortar Protective Lining and Coating for Steel Water Pipe – 4 Inches (100 mm) and Larger –


Shop Applied 
3. C207 – Steel Pipe Flanges for Waterworks Service, Sizes 4 In. through 144 In. (100 mm through 3,600 mm) 
4. C210 – Liquid-Epoxy Coating Systems for the Interior and Exterior of Steel Water Pipelines 
5. C213 – Fusion-Bonded Epoxy Coating for the Interior and Exterior of Steel Water Pipelines 
6. C220 – Stainless Steel Pipe, 4-inch and Larger 
7. C226 – Stainless Steel Fittings for Waterworks Service 
8. C606 – Standard for Grooved and Shouldered Joints 


D. American Water Works Association/American National Standards Institute (AWWA/ANSI): 
1. C105/A21.5 – Polyethylene Encasement for Ductile-Iron Pipe Systems 


E. ASTM International (ASTM): 
1. A 47 – Standard Specification for Ferritic Malleable Iron Castings 
2. A 53 – Standard Specification for Pipe, Steel, Black and Hot-Dipped, Zinc-Coated, Welded and Seamless 
3. A 105 – Standard Specification for Carbon Steel Forgings for Piping Applications 
4. A 106 – Standard Specification for Seamless Carbon Steel Pipe for High-Temperature Service 
5. A 153 – Standard Specification for Zinc Coating (Hot-Dip) on Iron and Steel Hardware 
6. A 182 – Standard Specification for Forged or Rolled Alloy and Stainless Steel Pipe Flanges, Forged Fittings, and 


Valves and Parts for High-Temperature Service 
7. A 183 – Standard Specification for Carbon Steel Track Bolts and Nuts 
8. A 193 – Standard Specification for Alloy-Steel and Stainless Steel Bolting for High Temperature or High Pressure 


Service and Other Special Purpose Applications 
9. A 194 – Standard Specification for Carbon and Alloy Steel Nuts for Bolts for High Pressure or High Temperature 


Service, or Both 
10. A 197 – Standard Specification for Cupola Malleable Iron 
11. A 216 – Standard Specification for Steel Castings, Carbon, Suitable for Fusion Welding, for High-Temperature 


Service 
12. A 234 – Standard Specification for Piping Fittings of Wrought Carbon Steel and Alloy Steel for Moderate and High 


Temperature Service 







 


EFFECTIVE JANUARY 2014 2 SECTION 40 27 00 
  PROCESS PIPING – GENERAL 


13. A 240 – Standard Specification for Chromium and Chromium-Nickel Stainless Steel Plate, Sheet, and Strip for 
Pressure Vessels and for General Applications 


14. A 269 – Standard Specification for Seamless and Welded Austenitic Stainless Steel Tubing for General Service 
15. A 276 – Standard Specification for Stainless Steel Bars and Shapes 
16. A 307 – Standard Specification for Carbon Steel Bolts, Studs, and Threaded Rod 60,000 PSI Tensile Strength 
17. A 312 – Standard Specification for Seamless, Welded, and Heavily Cold Worked Austenitic Stainless Steel Pipes 
18. A 320 – Standard Specification for Alloy-Steel and Stainless Steel Bolting for Low-Temperature Service 
19. A 351 – Standard Specification for Castings, Austenitic, for Pressure-Containing Parts 
20. A 403 – Standard Specification for Wrought Austenitic Stainless Steel Piping Fittings 
21. A 536 – Standard Specification for Ductile Iron Castings 
22. A 563 – Standard Specification for Carbon and Alloy Steel Nuts 
23. A 774 – Standard Specification for As-Welded Wrought Austenitic Stainless Steel Fittings for General Corrosive 


Service at Low and Moderate Temperatures 
24. A 778 – Standard Specification for Welded, Unannealed Austenitic Stainless Steel Tubular Products 
25. B 32 – Standard Specification for Solder Metal 
26. B 75 – Standard Specification for Seamless Copper Tube 
27. B 88 – Standard Specification for Seamless Copper Water Tube 
28. D 638 – Standard Test Method for Tensile Properties of Plastics 
29. D 1330 – Standard Specification for Rubber Sheet Gaskets 
30. D 1784 – Standard Specification for Rigid Poly(Vinyl Chloride) (PVC) Compounds and Chlorinated Poly(Vinyl 


Chloride) (CPVC) Compounds 
31. D 1785 – Standard Specification for Poly(Vinyl Chloride) (PVC) Plastic Pipe, Schedules 40, 80, and 120  
32. D 2000 – Standard Classification System for Rubber Products in Automotive Applications 
33. D 2464 – Standard Specification for Threaded Poly(Vinyl Chloride) (PVC) Plastic Pipe Fittings, Schedule 80 
34. D 2466 – Standard Specification for Poly(Vinyl Chloride) (PVC) Plastic Pipe Fittings, Schedule 40 
35. D 2467 – Standard Specification for Poly(Vinyl Chloride) (PVC) Plastic Pipe Fittings, Schedule 80 
36. D 2513 – Standard Specification for Polyethylene (PE) Gas Pressure Pipe, Tubing, and Fittings 
37. D 2564 – Standard Specification for Solvent Cements for Poly(Vinyl Chloride) (PVC) Plastic Piping Systems 
38. D 2683 – Standard Specification for Socket-Type Polyethylene Fittings for Outside Diameter-Controlled 


Polyethylene Pipe and Tubing 
39. D 3261 – Standard Specification for Butt Heat Fusion Polyethylene (PE) Plastic Fittings for Polyethylene (PE) 


Plastic Pipe and Tubing 
40. D 4101 – Standard Specification for Polypropylene Injection and Extrusion Materials 
41. F 437 – Standard Specification for Threaded Chlorinated Poly(Vinyl Chloride) (CPVC) Plastic Pipe Fittings, 


Schedule 80 
42. F 439 – Standard Specification for Chlorinated Poly (Vinyl Chloride) (CPVC) Plastic Pipe Fittings, Schedule 80 
43. F 441 – Standard Specification for Chlorinated Poly(Vinyl Chloride) (CPVC) Plastic Pipe, Schedules 40 and 80 
44. F 493 – Standard Specification for Solvent Cements for Chlorinated Poly(Vinyl Chloride) (CPVC) Plastic Pipe and 


Fittings 
45. F 656 – Standard Specification for Primers for Use in Solvent Cement Joints of Poly(Vinyl Chloride) (PVC) Plastic 


Pipe and Fittings 
F. Chlorine Institute (CI): 


1. Pamphlet 6 – Piping Systems for Dry Chlorine 
G. Colorado Department of Transportation (CDOT): 


1. Standard Specifications for Road and Bridge Construction 
H. Denver Water (DW): 


1. Engineering Standards, Chapter 6 – Materials 
2. Engineering Standards, Chapter 8 – Pipe Installation 
3. Engineering Standards, MS-14 – Polyethylene Encasement Material 
4. Engineering Standards, MS-29 – Mechanical Joint Restraint 


I. Manufacturers Standardization Society (MSS): 
1. MSS SP 43 – Wrought Stainless Steel Butt-Welding Fittings 


J. NSF International/American National Standards Institute (NSF/ANSI): 
1. 61 – Drinking Water System Components – Health Effects 


K. National Fire Protection Association (NFPA): 
1. 13 – Standard for the Installation of Sprinkler Systems 
2. 24 – Standard for the Installation of Private Fire Service Mains and Their Appurtenances 


L. The Society for Protective Coatings (SSPC): 
1. SP 1 – Solvent Cleaning 
2. SP 3 – Power Tool Cleaning 


1.3 DEFINITIONS 
A. Submerged or Wetted: 


1. Zone below elevation of: 
a. Top face of walls and cover slabs. 
b. Liquid surface or within 10 feet above top of liquid surface. 
c. Top of wall or under cover. 


2. Buried piping:  Piping installed underground embedded in pipe zone or backfill material. 
3. Concrete embedded or encased piping:  Piping installed in concrete with or without reinforcing steel. 
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4. Exposed piping:  Piping which is not buried, submerged, concrete embedded, or encased. 
5. Unrestrained joint:  Shop or field installed pipe joint which, due to its construction, will separate or move as if to 


separate under the forces imposed by the test pressure shown on the Piping Schedule or 25 psi, whichever is 
greater; shall include, but not be limited to, flexible couplings, flanged coupling adapters, transition couplings, 
expansion joints, and insulating couplings. 


1.4 SUBMITTALS 
A. Product Data:  Pipe corrosion protection. 
B. Action Submittals: 


1. Shop-fabricated piping: 
a. Detailed pipe fabrication drawings showing straight sections, special fittings and bends, dimensions, coatings, 


and other pertinent information. 
b. Layout drawings showing the location of each pipe section and each special length; number or otherwise 


designate the laying sequence on each piece. 
2. Pipe wall thickness:  Identify wall thickness and rational method or standard applied to determine wall thickness 


for each size of each different service including exposed, submerged, buried, and concrete-encased installations 
for CONTRACTOR-designed piping. 


3. Hydraulic thrust restraint for restrained joints:  Details including materials, sizes, assembly ratings, and pipe 
attachment methods in accordance with DW Engineering Standards Chapter 6. 


4. Thrust blocks:  Concrete quantity, bearing area on pipe, and fitting joint locations. 
5. Dissimilar buried pipe joints:  Joint types and assembly drawings. 


C. Informational Submittals: 
1. Manufacturer’s certification of compliance for pipe, fittings, and factory-applied resins and coatings. 
2. Nondestructive inspection and testing procedures. 
3. Test logs. 
4. Pipe coating applicator certification. 


D. Supplements listed in this Section. 
1.5 QUALITY ASSURANCE 


A. Design Requirements: 
1. Where pipe diameter, thickness, pressure class, pressure rating, or thrust restraint is not shown on the Drawings 


or specified, design the piping system in accordance with: 
a. Process piping:  ASME B31.3. 
b. Building service piping:  ASME B31.9, as applicable. 


B. Buried piping:  In accordance with AASHTO H-20. 
1. Thrust restraints: 


a. Design for the test pressure shown on the Piping Schedule. 
b. Allowable soil bearing pressure:  3,000 lbs/sf. 
c. Low pressure pipelines: 


1) When the bearing surface of the fitting against soil provides an area equal to or greater than the area 
required for thrust restraint, concrete thrust blocks are not required. 


2) Determine the bearing area for fittings without thrust blocks by projected area of 70% of internal diameter 
multiplied by chord length for fitting centerline curve. 


1.6 DELIVERY, STORAGE, AND HANDLING 
A. As specified in SECTION 01 60 00, and: 


1. Flanges:  Securely attach metal, hardboard, or wood protectors over entire flange surface. 
2. Threaded or socket welding ends:  Fit with metal, wood, or plastic plugs or caps. 
3. Linings and coatings:  Prevent excessive drying. 
4. Cold weather storage:  Locate products to prevent coating from freezing to the ground. 
5. Handling:  Use heavy canvas or nylon slings to lift pipe and fittings. 


PART 2 PRODUCTS 
2.1 APPROVED MANUFACTURERS 


A. Joints: 
1. Mechanical joint anchor gland follower: 


a. EBAA Iron Inc., Megalug 
b. Ford Meter Box Co., Series 1400 
c. Romac Industries, Inc., RomaGrip 


2. Flexible mechanical compression joint coupling: 
a. Fernco Joint Sealer Co. 
b. Pipeline Products Corp. 


3. Flanged joints: 
a. Anvil International, Inc., Gruvlok 
b. Victaulic flange adapter 


B. Heat-Shrink Wrap: 
1. Covalence HSP 


C. Insulating Flanges, Couplings, and Unions: 
1. Dielectric flanges and unions: 


a. Central Plastics Co. 
b. Pipeline Seal and Insulator, Inc. 
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2. Insulating couplings: 
a. Baker Coupling Company, Inc., Series 216 
b. Dresser, STAB-39 


D. Pipe Labels: 
1. Brady Signmark, B-915 Brady Snap-On and Strap-On Pipe Markers 
2. Seton Identification Products, Ultra-Mark Pipe Markers 


2.2 MATERIALS 
A. Piping: 


1. As specified on the Piping Schedule and on the Piping Data Sheet(s) located at the end of this Section. 
2. Diameters shown on the Drawings: 


a. Standardized products:  Nominal size. 
b. Fabricated steel piping, except cement-lined:  Outside diameter shall be in accordance with ASME B36.10M. 
c. Cement-lined steel pipe:  Lining inside diameter. 


B. Joints: 
1. Grooved end system: 


a. Rigid type. 
b. Use of flexible grooved joints will only be allowed where shown on the Drawings or with prior approval by the 


ENGINEER. 
c. Flanges:  Furnish with grooved type flange adapters of the same Manufacturer as grooved end couplings. 


2. Flanged joints: 
a. Flat-faced, carbon steel, serrated face in accordance with AWWA C207. 
b. Higher pressure rated flanges as required to mate with equipment when the equipment flange is of a higher 


pressure rating than required for piping. 
3. Threaded joints:  NPT taper pipe threads in accordance with ASME B1.20.1. 
4. Mechanical joint anchor gland follower: 


a. In accordance with DW Engineering Standard MS-29. 
b. DI anchor type, wedge action, with breakoff tightening bolts. 
c. Thrust rated to 250 psi minimum. 
d. Rated operating deflection no less than 2 1/2 degrees. 
e. UL and FMG approved. 


5. Flexible mechanical compression joint coupling:  Stainless steel, in accordance with ASTM A 276, Type 301 
bands. 


C. Gasket Lubricant:  Shall be supplied by the pipe Manufacturer. 
D. Pipe Corrosion Protection: 


1. Coatings:  As specified in SECTION 09 90 00 for details of coating requirements. 
2. Heat-shrink wrap:  Type:  As specified in SECTION 09 97 22. 
3. PE encasement, bagging:  As specified in SECTION 33 11 01.02. 
4. Insulating flanges, couplings, and unions: 


a. Materials: 
1) Shall be in accordance with applicable piping material specified in the Pipe Data Sheet; complete 


assembly shall have ASME B31.9 rating equal to or higher than that of the joint and the pipeline. 
2) Galvanically compatible with the piping. 
3) Resistant for intended exposure, operating temperatures, and products in the pipeline. 


b. Union type, 2-inches and smaller: 
1) Screwed or solder-joint. 
2) O-ring sealed with molded and bonded insulation to body. 


c. Flange type, 2 1/2-inches and larger:  Flanged, complete with bolt insulators, dielectric gasket, bolts, and 
nuts. 


d. Flange insulating kits:  As specified in SECTION 26 42 16. 
E. Thrust Blocks:  Concrete, as specified in SECTION 03 30 00. 
F. Thrust Ties: 


1. Steel pipe:  Fabricated lugs and rods in accordance with the details shown on the Drawings. 
2. Buried ductile iron pipe and fittings:  In accordance with NFPA 24 and as specified in SECTION 33 11 01.02.  


Tie-rod attachments relying on clamp friction with pipe barrel to restrain thrust are not acceptable. 
G. Vent and Drain Valves: 


1. Pipelines, 2-inch diameter and smaller:  1/2-inch vent, one-inch drain. 
2. Pipelines, 2 1/2-inch diameter and larger:  3/4-inch vent, one-inch drain. 


H. Buried Piping Identification Tape:  Buried pipelines shall be installed with underground identification tape with metallic 
bonding for locating with a non-ferrous detector.  Tape shall be 6-inches wide and shall have the following legend: 
1. BURIED POTABLE WATER LINE:  All potable water piping. 
2. BURIED SERVICE WATER LINE:  All service water piping. 
3. BURIED CHEMICAL LINE:  All chemical piping. 
4. BURIED PROCESS LINE:  All other piping. 


I. Tracer Wire:  In accordance with DW Engineering Standards Chapter 8. 
J. Pipe Identification: 


1. Pipe labels: 
a. Snap-on, reversible type with lettering and directional arrows, sized for the outside diameter of the pipe and 


the insulation. 
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b. Provided with ties or straps for 6-inch and larger diameter pipes. 
c. Designed to firmly grip pipe so labels remain fixed in vertical pipe runs. 
d. Material:  Heavy duty vinyl or polyester, suitable for exterior use, resist damage or fading from washdown, 


sunlight, mildly corrosive atmosphere, dirt, grease, and abrasion. 
e. Color field and letter height:  In accordance with ASME A13.1. 
f. Message:  Piping system name as shown on the Piping Schedule. 


2.3 FABRICATION 
A. Mark each pipe length on the outside with the following: 


1. Size or diameter and class. 
2. Manufacturer’s identification and pipe serial number. 
3. Location number on laying drawing. 
4. Date of manufacture. 


B. Code markings according to approved Shop Drawings. 
C. Flanged pipe shall be fabricated in the shop, not in the field, and delivered to the Work site with flanges in place and 


properly faced.  Threaded flanges shall be individually fitted and machine tightened on matching threaded pipe by the 
Manufacturer. 


2.4 FINISHES 
A. Factory prepare, prime, and finish coat as specified in the Pipe Data Sheets and the Piping Schedule. 
B. Galvanizing shall be hot-dip applied in accordance with ASTM A 153; electroplated zinc or cadmium plating is not 


acceptable. 
PART 3 EXECUTION 
3.1 PREPARATION 


A. Verify the size, material, joint types, elevation, horizontal location, and pipe service of existing pipelines to be 
connected to new pipelines or new equipment. 


B. Inspect the size and location of structure penetrations to verify the adequacy of wall pipes, sleeves, and other 
openings. 


C. Welding Electrodes:  Verify proper grade and type, free of moisture and dampness, and undamaged coating. 
D. Additional requirements:  As specified in the Piping Schedule and SECTION 09 90 00. 
E. Notify the ENGINEER in writing at least 2 weeks prior to field fabrication of pipe or fittings. 
F. Inspect pipe and fittings before installation, clean ends thoroughly, and remove foreign matter and dirt from inside the 


pipe. 
G. Repair damaged coatings and linings using original coating and lining materials in accordance with the Manufacturer’s 


instructions. 
H. Field Finishing: 


1. Notify the ENGINEER in writing at least 3 days prior to the start of any surface preparation or coating application 
Work. 


2. As specified in SECTION 09 90 00, SECTION 33 11 01, SECTION 33 11 01.01, and SECTION 33 11 01.02. 
3.2 INSTALLATION 


A. General: 
1. Join pipe and fittings in accordance with the Manufacturer’s instructions unless otherwise shown on the Drawings 


or specified. 
2. Remove foreign objects prior to assembly and installation. 
3. Flanged joints: 


a. Install perpendicular to pipe centerline. 
b. Bolt holes:  Straddle vertical centerlines; aligned with connecting equipment flanges or as shown on the 


Drawings. 
c. Use torque-limiting wrenches to ensure uniform bearing and proper bolt tightness. 
d. Plastic flanges: Install an annular ring filler gasket at joints of the raised face flange. 
e. Raised face flanges:  Use a flat-face flange when joining with a flat-faced DI, CI, or steel flange. 
f. Verify compatibility of the mating flange to the adapter flange gasket prior to selecting grooved adapter 


flanging. 
g. Threaded flanged joints shall be shop-fabricated and delivered to the site with flanges in place and properly 


faced. 
4. Threaded and coupled joints: 


a. In accordance with ASME B1.20.1. 
b. Produce sufficient thread length to ensure full engagement when screwed home in fittings. 
c. Countersink pipe ends; ream and clean chips and burrs after threading. 
d. Make connections with not more than 3 threads exposed. 
e. Lubricate male threads only with thread lubricant or tape as specified on the Piping Data Sheets. 


5. Grooved end joints: 
a. Piping shall be grooved in accordance with the Manufacturer’s latest published instructions and shall be 


accurately cut with tools in accordance with the coupling Manufacturer’s standards and AWWA C606. 
b. Install grooved joint couplings and gaskets in accordance with the Manufacturer’s latest published installation 


instructions. 
6. Soldered joints: 


a. Use only the solder specified for the particular service. 
b. Cut pipe ends square and remove fins and burrs. 
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c. After thoroughly cleaning the pipe and the fitting of oil and grease using solvent and emery cloth, apply 
noncorrosive flux to the male end only. 


d. Wipe excess solder from the exterior of the joint before it hardens. 
e. Before soldering, remove stems and washers from solder joint valves. 


7. Pipe connections at concrete structures: 
a. General: 


1) Design and install thrust protection. 
2) Install flexible couplings to facilitate piping installation in accordance with the approved Shop Drawings. 


b. Flexible joints at concrete backfill or encasement:  Install within 18 inches or one-half pipe diameter, 
whichever is less, from the termination of any concrete backfill or concrete encasement. 


c. Flexible joints at concrete structures:  Install 18 inches or less from the face of the structure; the joint may be 
flush with the face. 


8. PVC and CPVC piping: 
a. Provide a Schedule 80 threaded nipple where necessary to connect to the threaded valve or the fitting. 
b. Use a strap wrench for tightening threaded plastic joints.  Do not overtighten fittings. 
c. Do not thread Schedule 40 pipe. 


9. DI piping: 
a. Cutting pipe:  Cut pipe with milling type cutter, rolling pipe cutter, or abrasive saw cutter; do not flame cut. 
b. Dressing cut ends: 


1) General:  As required for the type of joint to be made. 
2) Rubber gasketed joints:  Remove sharp edges or projections. 
3) Push-on joints:  Bevel, as recommended by the pipe Manufacturer. 
4) Flexible couplings, flanged coupling adapters, and grooved end pipe couplings:  As recommended by the 


coupling or adapter Manufacturer. 
B. Exposed Piping: 


1. Piping runs: 
a. Parallel to building or column lines and perpendicular to floor, unless otherwise shown on the Drawings. 
b. Piping upstream and downstream of flow measuring devices shall provide straight lengths as required for 


accurate flow measurement. 
2. Group piping wherever practical at common elevations; install to conserve building space and not interfere with 


the use of space and other Work. 
3. Unions or flanges:  Provide at each piping connection to equipment or instrumentation on the equipment side of 


each block valve to facilitate installation and removal. 
4. Install piping so that no load or movement in excess of that stipulated by the equipment Manufacturer will be 


imposed upon the equipment connection; install to allow for contraction and expansion without stressing pipe, 
joints, or connected equipment. 


5. Piping clearance: 
a. Over walkway and stairs:  Minimum of 7 feet 6 inches measured from walking surface or stair tread to lowest 


extremity of piping system including flanges, valve bodies or mechanisms, insulation, or hanger and support 
systems. 


b. Between equipment or equipment piping and adjacent piping:  Minimum 3 feet measured from equipment 
extremity and extremity of piping system including flanges, valve bodies or mechanisms, insulation, or hanger 
and support systems. 


c. From adjacent Work:  Minimum one inch from the nearest extremity of the completed piping system including 
flanges, valve bodies or mechanisms, insulation, or hanger and support systems. 


d. Do not route piping in front of or interfering with access ways, ladders, stairs, platforms, walkways, openings, 
doors, or windows. 


e. Headroom in front of openings, doors, and windows shall not be less than the top of the opening. 
f. Do not install piping containing liquids or liquid vapors in transformer vaults or electrical equipment rooms. 
g. Do not route piping over, around, in front of, behind, or below electrical equipment including controls, panels, 


switches, terminals, boxes, or other similar electrical work. 
C. Buried Pipe: 


1. Joints: 
a. Dissimilar buried pipes:  Provide flexible mechanical compression joints for pressure pipe. 


2. Placement: 
a. Keep the trench dry until pipe laying and joining are completed. 
b. Pipe base and pipe zone:  As specified in SECTION 31 23 23. 
c. Exercise care when lowering pipe into the trench to prevent twisting or damage to pipe. 
d. Measure for grade at pipe invert not at the top of pipe. 
e. Excavate trench bottom and sides of ample dimensions to permit visual inspection and testing of the entire 


flange, valve, or connection. 
f. Prevent foreign material from entering pipe during placement. 
g. Close and block the open end of the last laid pipe section when placement operations are not in progress and 


at the close of the workday. 
h. Lay pipe up grade with bell ends pointing in the direction of laying. 
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i. Deflect pipe at joints for pipelines laid on a curve using unsymmetrical closure of spigot into bell.  If joint 
deflection of standard pipe lengths will not accommodate horizontal or vertical curves in the alignment, 
provide: 
1) Shorter pipe lengths. 
2) Special mitered joints. 
3) Standard or special fabricated bends. 


j. After the joint is made, check pipe alignment and grade. 
k. Place sufficient pipe zone material to secure pipe from movement before the next joint is installed. 
l. Prevent uplift and floating of pipe prior to backfilling. 


3. PVC, CPVC, PP, or PE pipe placement: 
a. Lay pipe by snaking from one side of the trench to the other. 
b. Offset:  As recommended by the Manufacturer for maximum temperature variation between time of solvent 


welding and during operation. 
c. Do not lay pipe when the temperature is below 40°F, or above 90°F when exposed to direct sunlight. 
d. Shield the ends to be joined from direct sunlight prior to and during the laying operation. 


4. Tolerances: 
a. Deflection from horizontal line, except PVC, CPVC, or PE pipe:  Maximum 2 inches. 
b. Deflection from vertical grade:  Maximum 1/4 inch. 
c. Joint deflection:  Maximum of 75% of the Manufacturer’s recommendation. 
d. Horizontal position of pipe centerline on alignment around curves maximum variation of 1 3/4 feet from 


position shown on the Drawings. 
e. Pipe cover:  Minimum 5 feet. 


D. Concrete Encased: 
1. Provide reinforced concrete pipe encasement where shown on Drawings and where otherwise required.  Some 


piping may be required to be concrete encased for pipe strength requirements that are included in the Contract 
Documents.  Piping under and within the influence of buildings, utility trenches, vaults, slabs and other structures 
shall be concrete encased; see details on the Drawings for encasement requirements. 


2. Where concrete encased piping crosses structure construction and expansion joints, provide flexible piping joints 
to coincide with structure joints to prevent excessive pipe stress and breakage. 


E. Pipe Corrosion Protection: 
1. DI pipe: 


a. Exposed:  As specified in SECTION 09 90 00 and as shown on the Piping Schedule. 
b. Buried:  Wrap with PE bagging as specified in SECTION 33 11 01.02. 
c. Submerged or embedded:  Field coat as specified in SECTION 09 90 00. 


2. Carbon steel pipe: 
a. Exposed:  As specified in SECTION 09 90 00. 
b. Submerged or embedded:  Shop coat as specified in SECTION 09 90 00. 


3. Copper pipe: 
a. Exposed:  As specified in SECTION 09 90 00. 
b. Joints shall be tape-wrapped or heat-shrink wrapped.  Joints shall be completed above grade or sufficient 


size hole excavated beneath the couplings to permit joint wrapping without contamination. 
4. PVC and CPVC pipe, exposed:  As specified in SECTION 09 90 00. 
5. PP and PE, exposed:  Shall not be painted. 
6. Piping accessories: 


a. Exposed:  Field paint black and galvanized steel, brass, copper, and bronze piping components as specified 
in SECTION 09 90 00 as applicable to base metal material. 


b. Buried: 
1) Ferrous metal and stainless steel components:  Coat with coal-tar epoxy. 
2) Bolts, nuts, and similar items:  Coat with bituminous paint. 
3) Flexible couplings, grooved couplings, and similar items:  Wrap with wax tape. 
4) Buried valves and similar elements on wrapped pipelines:  Coat with bituminous paint and wrap the 


entire valve in PE encasement in accordance with DW Engineering Standards Chapter 8, and 
DW Engineering Standard MS-14. 


7. PE encasement:  As specified in SECTION 33 11 01.02. 
8. Tape coating system:  As specified in SECTION 09 97 13. 
9. Heat-shrink wrap:  As specified in SECTION 09 97 22. 
10. Insulating flanges, couplings, and unions: 


a. Applications: 
1) Dissimilar metal piping connections. 
2) Cathodically protected piping penetration to buildings and watertight structures. 
3) Submerged to unsubmerged metallic piping connections. 
4) Where required for electrically insulated connection. 


b. Pipe installation: 
1) Insulating joints connecting immersed piping to non-immersed piping shall be installed above maximum 


water surface elevation. 
2) Submerged carbon steel, DI, or galvanized piping in reinforced concrete shall be isolated from the 


concrete reinforcement steel. 
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3) Align and install insulating joints according to the Manufacturer’s recommendations to avoid damaging 
insulating materials. 


F. Thrust Restraint: 
1. Location for buried and exposed piping:  At joints in piping or as show on the Drawings. 
2. Mechanical joint valve restraint in proprietary restrained joint piping:  Install the pipe joint Manufacturer’s adapter 


gland follower and pipe end retainer or mechanical joint anchor gland follower. 
G. Slab, Floor, Wall, and Roof Penetrations: 


1. Application and installation:  As specified in SECTION 40 27 01. 
H. Branch Connections: 


1. Do not install branch connections smaller than 1/2-inch nominal pipe size, including instrument connections. 
2. When a line of lower pressure connects to a line of higher pressure, the requirements of the Piping Data Sheet for 


higher pressure rating prevails up to and including the first block valve in the line carrying the lower pressure. 
3. Threaded pipe tap connections: 


a. DI piping:  Connect only with a service saddle or at a tapping boss of a fitting, valve body, or equipment 
casting. 


b. Welded steel or alloy piping:  Connect only with welded threadolet or half-coupling as specified on the Piping 
Data Sheet. 


c. Limitations:  Threaded taps in pipe barrel are not acceptable. 
I. Vents and Drains:  At high and low points in piping that are required for a completed system.  Install vents on high 


points and drains on low points of pipelines at all low and high points. 
J. Insulation:  As specified in SECTION 40 42 13. 
K. Colors: 


1. Pipe identification painting: 
a. Color code non-submerged piping; paint fittings and valves the same color as pipe, except equipment 


isolation valves. 
b. Piping color coding:  As specified in SECTION 09 90 00. 
c. On exposed stainless steel piping, apply color 24-inches in length along pipe axis at connections to 


equipment, valves, or branch fittings, at wall boundaries, and at intervals along piping not greater than 9 feet 
on center. 


2. Colors:  As specified in SECTION 09 90 00. 
3.3 QUALITY CONTROL 


A. Pressure Leakage Testing:  As specified in SECTION 40 80 01 and the Piping Schedule. 
3.4 CLEANING 


A. General: 
1. Following assembly and testing and prior to disinfection and final acceptance, flush pipelines, except as specified 


in this Section, with water at 2.5 fps minimum flushing velocity until foreign matter is removed. 
2. Blow clean of loose debris plant process air, natural gas, dry chlorine gas or liquid, and instrument air lines with 


compressed air at 4,000 fpm; do not flush with water. 
3. Immediately after cleaning service piping, dry to -40°F with dry compressed instrument air or compressed 


commercial grade nitrogen. 
4. If it is impractical to flush large diameter pipe at 2.5 fps or blow at 4,000 fpm velocity, clean in-place from inside by 


brushing and sweeping, then flush or blow the line at lower velocity. 
5. Insert cone strainers in flushing connections to attached equipment and leave in-place until cleaning is complete. 
6. Remove accumulated debris through drains 2-inches and larger or by removing spools and valves from piping. 


B. Chlorine Pressure Piping:  Clean and dry in accordance with the requirements of the Chlorine Institute Pamphlet 6, 
and meet the following requirements: 
1. Cleaning:  Chlorine piping shall be cleaned using a solvent cleaner as specified in Chlorine Institute Pamphlet 6.  


Detergent and water washing and steam cleaning shall not be used. 
2. Drying:  Chlorine piping shall be dried in accordance with the Chlorine Institute Pamphlet 6.  Drying shall continue 


until the measured dew point at 3 ENGINEER-approved locations is equal to or less than minus 40°F.  Provide 
equipment for measuring the dew point. 


C. Chlorine Gas Vacuum Piping:  Blow pipe clean of loose debris with instrument-grade clean and dry compressed air.  
Ensure that pipe is open, not valved off, at the end of the section to be cleaned so that pipe does not become 
pressurized.  Do not pressurize PVC with compressed air. Do not flush chlorine gas vacuum piping with water.  After 
cleaning, purge the air with nitrogen gas. 


3.5 SUPPLEMENTS 
A. Supplement A – Piping Schedule 
B. Supplement B – Carbon Steel Pipe and Fittings – General Service 
C. Supplement C – Stainless Steel Pipe and Fittings – General Service 
D. Supplement D – PVC Pipe and Fittings 
E. Supplement E – CPVC Pipe and Fittings 
F. Supplement F – Copper and Copper Alloy Pipe, Tubing, and Fittings 
G. Supplement G – CML Carbon Steel Pipe and Fittings 
H. Supplement H – PE Pipe and Fittings 
I. Supplement I – Flexible Reinforced PVC Tubing 
J. Supplement J – PP Pipe, Tubing, and Fittings 


END OF SECTION
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Service Legend Size(s), 
inches1 Exposure Piping 


Material SECTION Lining Test Pressure 
and Type, psig Pipe Color4 Notes 


Air High-Pressure AHP ALL EXP CU 40 27 00 BARE 150-P Dark Green  


Aqueous Ammonia NH3 ALL EXP/SUB PVC 40 27 00 BARE 150-H White 
Special Condition: As noted 
on Drawings transition to 
Hastalloy C at injection point 


BUR PVC 40 27 00 BARE 150-H See Note 4  


Carrier Pipe CP ALL EXP/SUB PVC 40 27 00 BARE N/A Match interior 
pipe  


BUR PVC 40 27 00 BARE N/A See Note 4  
Chlorine Gas, 
Vacuum CGV ≥1/2 


inch EXP PVC 40 27 00 BARE 20 inch Hg 
Vacuum 


Federal 
Safety Yellow  


Chlorine Solution CS ≤6 inch EXP/SUB PVC 40 27 00 BARE 150-H Federal 
Safety Yellow 


Special Condition: Transition 
to CPVC where CS lines 
require insulation and heat 
tracing as shown on the 
Drawings.   


BUR PVC 40 27 00 BARE 150-H See Note 4  


Chlorinated Water CW ALL EXP/SUB PVC 40 27 00 BARE 150-H Federal 
Safety Yellow  


Drain DR <15 
inch 


EXP PVC 40 27 00 BARE Per 40 80 01 
Pipe Leakage 
Testing 


Black   


BUR PVC 40 27 00 BARE See Note 4  


Fire Sprinkler Water FSW ALL EXP CST-G 40 27 00 AWWA 
C210 See Note 3 See Note 3  


Hydrated Lime LM ALL EXP CST-G 40 27 00 BARE 150-H Light Green  


Lime Slurry LS 
1/2 inch EXP PVC-T x/ 


CP 40 27 00 BARE 150-H N/A 
 >1/2 


inch EXP PVC 40 27 00 BARE 150-H Light Green 


Natural Gas G ALL EXP CST-G 40 27 00 AWWA 
C213 See Note 2 Federal 


Safety Green  


ALL BUR PE 40 27 00 BARE See Note 2 See Note 4  
Overflow OVFL ALL EXP PVC 40 27 00 BARE N/A N/A  


Potable Water POTW ≤3 inch EXP CU 40 27 00 BARE 120-H Dark Blue  
BUR CU 40 27 00 BARE 120-H See Note 4  


Potassium 
Permanganate PP ALL EXP/SUB PVC 40 27 00 BARE 150-H Violet  


ALL BUR PVC 40 27 00 BARE 150-H See Note 4  
Potassium 
Permanganate/Vent PP/VTR ALL EXP PVC 40 27 00 BARE N/A N/A  


Potassium 
Permanganate/Raw 
Water 


PP/RW ALL EXP PVC 40 27 00 BARE 150-H N/A Use existing PVC in place as 
shown on the Drawings 


Potassium 
Permanganate/Recir
culation 


PP/REC ALL EXP PVC 40 27 00 BARE 150-H Violet  
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Service Legend Size(s), 
inches1 Exposure Piping 


Material SECTION Lining Test Pressure 
and Type, psig Pipe Color4 Notes 


Potassium 
Permanganate/Tran
sfer 


PP/T ALL EXP PVC 40 27 00 BARE 150-H Violet  


Raw Water RW ALL EXP CLDI 33 11 01.02 AWWA 
C104 150-H Olive Green  


Sample SAMP 
ALL EXP PP 40 27 00 BARE 150-H Medium 


Green 


Special Condition: Use SST 
Tubing at suction and 
discharge of Sample Pumps 
P-4520-01 to -04 as noted on 
the Drawings.  SST Tubing 
as specified in SECTION 
40 27 00 


ALL BUR PPT w/ 
CP 40 27 00 BARE 150-H See Note 4 Tubing inside CP 


Service Water Low 
Pressure SW/LP 


ALL EXP CLCST 
or PVC 40 27 00  BARE 150-H 


Light Blue w/ 
Dark Blue 
Band 


 


ALL BUR CLDI 33 11 01.02 AWWA 
C104 150-H See Note 4 


Special Condition: Transition 
as shown on the Drawings in 
CCB Chemical and Sample 
Vault 


Service Water High 
Pressure SW/HP 


≤2 inch EXP CU 40 27 00 BARE 150-H Medium Blue 
w/ Red Band 


Special Condition:  Use PVC 
as noted on Chlorine Storage 
and Feed System Drawings ≥3 inch EXP CLCST 40 27 00 AWWA 


C205 150-H 


ALL BUR CLDI 33 11 01.02 AWWA 
C104 150-H See Note 4  


Sodium Hydroxide NA ALL EXP/SUB CPVC 40 27 00 BARE 150-H Federal 
Safety Yellow 


Special Condition:  As shown 
on the Drawings transition to 
Hastalloy C at injection point. 
 Heat trace and insulate NA 
pipe as specified. 


BUR PP  BARE 150-H See Note 4  
Sodium 
Silicofluoride F 4 inch EXP SST 40 27 00 BARE 150-P Light Blue w/ 


Red Band  


Sodium 
Silicofluoride FS ALL EXP/SUB PVC 40 27 00 BARE 150-H Light Blue w/ 


Red Band  


Vent (Process) V ALL EXP PVC 40 27 00 BARE N/A Pump Grey 
w/ Red Band  


1ALL includes all sizes listed for installation, in accordance with Drawings. 
2Test procedures for natural gas service shall be as required by the Uniform Plumbing Code 
 
3All buried natural gas piping to be PE except riser to exposed sections outside of structures.  Vertical section of piping at these locations shall be cathodically protected CST-
G as shown on Drawings.  Test procedures and pipe color for fire sprinkler water service shall be as required by NFPA 13. 
4Buried pipe labeling requirements as specified in SECTION 40 27 00 
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SUPPLEMENT B 
CARBON STEEL PIPE AND FITTINGS – GENERAL SERVICE 


Item Size Description 


Pipe 


All 


Black carbon steel, in accordance with ASTM A 106, 
Grade B seamless ASTM A 53, Grade B seamless or 
ERW. Threaded, butt-welded, grooved end, and flanged 
joints: 


Welded: 


 2-inch 


 2 1/2-inch thru 10-inch 


Schedule 40 


Schedule 40 


 12-inch thru 16-inch Schedule 30 


 18-inch thru 24-inch Schedule 20 


Grooved: 


 2 1/2-inch thru 6-inch Schedule 40 


 8-inch thru 12-inch Schedule 30 


 14-inch Standard weight 


Joints 


2-inch and smaller Threaded or flanged at equipment as required 


2 1/2-inch and larger 
Butt-welded or flanged at valves and equipment, or (with 
the exception of natural gas) grooved end in accordance 
with AWWA C606 


Fittings 


2-inch and smaller 


Threaded:  150 or 300 pound malleable iron, in 
accordance with ASTM A 197 or ASTM A 47, dimensions 
in accordance with ASME B16.3; fire sprinkler fittings to be 
UL listed 


2 1/2-inch and larger 


Butt-Welded:  Wrought carbon steel butt-welding, in 
accordance with ASTM A 234, Grade WPB in accordance 
with ASME B16.9; fitting wall thickness to match adjoining 
pipe; long radius elbows  


Grooved End:  Malleable iron in accordance with 
ASTM A 47 or DI in accordance with ASTM A 536, grooved 
ends to accept couplings without field preparation. 
Victaulic; Anvil International, Inc., Gruvlok 


Branch 
Connections 


2-inch and smaller Threaded, straight, or reducing tees in conformance with 
the fittings specified above 


2 1/2-inch and larger Butt-welding or grooved end tee in conformance with the 
fittings specified above 


Flanges 2-inch and smaller 
Forged carbon steel, in accordance with ASTM A 105, 
Grade II, ASME B16.5 Class 150 or Class 300 socket weld 
or threaded, 1/16 inch raised face 
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SUPPLEMENT B 
CARBON STEEL PIPE AND FITTINGS – GENERAL SERVICE 


Item Size Description 


 


2 1/2-inch and larger 


Butt-Welded Systems:  Forged carbon steel, in accordance 
with ASTM A 105, ASME  B16.5 Class 150 or Class 300 
slip-on or welding neck, 1/16 inch raised face; weld neck 
bore to match pipe internal diameter; use weld neck 
flanges when abutting butt-weld fittings 


Grooved End Adapter Flange:  Malleable iron in 
accordance with ASTM A 47 or DI in accordance with 
ASTM A 536. Victaulic; Anvil International, Inc., Gruvlok 


 
CI Mating Flange:  Class D or E, hub or ring type in 
accordance with AWWA C207, 125 pound drilling in 
accordance with ASME B16.1, Class F hub type in 
accordance with AWWA C207, or Class 300 pound, drilling 
in accordance with ASTM A 105, ASME  B16.5  


 


Unions 2-inch and smaller 
Threaded malleable iron, in accordance with ASTM A 197 
or ASTM A 47, 150 or 300 pound WOG, in accordance 
with ASME B16.3 


Couplings 2 1/2-inch and larger 


Grooved End:  Rigid joint malleable iron, in accordance 
with ASTM A 47 or DI, in accordance with ASTM A 536. 
Victaulic; Anvil International, Inc., Gruvlok 


Screwed End:  Malleable iron, in accordance with 
ASTM A 197 or ASTM A 47 


Bolting All 


Flanges:  Carbon steel in accordance with ASTM A 307, 
Grade A hex head bolts and in accordance with 
ASTM A 563, Grade A hex head nuts. Use 1/8 inch 
undersize bolting material for insulating flanges, no 
overbore holes 


Grooved End Couplings:  Carbon steel, in accordance with 
ASTM A 183 bolts and nuts, 110,000 psi minimum tensile 
strength 


Gaskets All flanges 


Water, Steam, and Air Services:  1/16-inch thick, 
compressed inorganic fiber with nitrile binder, rated to 
700°F and 1,000 psi  


Fuel Gas Service:  1/8-inch thick, homogeneous black 
rubber EPDM, hardness 60 (Shore A), rated to 300°F, in 
accordance with ASME B16.21 and ASTM D 1330, Steam 
Grade 


Blind flanges shall be gasketed covering the entire inside 
face with the gasket cemented to the blind flange 


Grooved Couplings:  EPDM in accordance with 
ASTM D 2000 for water and air to 230°F, nitrile for oil 
service to 180°F 


Lining 
1-inch thru 10-inch 


10-inch and larger 


Liquid-Epoxy:  In accordance with AWWA C210 


Cement-Mortar:  In accordance with AWWA C205 


Thread Lubricant 2-inch and smaller General Service:  Teflon tape 
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SUPPLEMENT C 
STAINLESS STEEL PIPE AND FITTINGS – GENERAL SERVICE 


Item Size Description 


Pipe 


2 1/2-inch and 
smaller 


 


Schedule 40S:  In accordance with ASTM A 312, 
Type 316 seamless, pickled and passivated 


3-inch thru 6-inch 
Schedule 10S:  In accordance with ASTM A 778 and 
AWWA C220 for 4 inch and larger, as-welded grade, 
Type 316L, pickled and passivated 


8-inch and larger 
Schedule 5S:  In accordance with ASTM A 778 and 
AWWA C220, as-welded grade, Type 316L, pickled 
and passivated 


Tubing All 
In accordance with ASTM A 269, Type 316 stainless 
steel, seamless, fully annealed hydraulic tubing, 
0.065-inch wall thickness minimum 


Joints 
1 1/2-inch and 
smaller 


Threaded or flanged at equipment as required or 
shown on the Drawings 


2-inch and larger Butt-welded or flanged at valves and equipment 


Tubing Joints All Flareless compression fitting 


Fittings 


1 1/2-inch and 
smaller 


Threaded:  Forged 1,000 CWP minimum, in 
accordance with ASTM A 182, Grade F316 or cast 
Class 150, ASTM A 351, Grade CF8M/316. 
AWWA C226. 


2-inch and 2 1/2-inch 


Butt-Welded:  In accordance with ASTM A 403 and 
AWWA C226, Grade WP316L in accordance with 
ASME B16.9 and MSS SP 43, annealed, pickled and 
passivated; fitting wall thickness to match adjoining 
pipe; long radius elbows 


3-inch and larger 


Butt-Welded:  In accordance with ASTM A 774 and 
AWWA C226 Grade 316L in accordance with 
MSS SP 43, as-welded grade, pickled and 
passivated; fitting wall thickness to match adjoining 
pipe; long radius elbows 


Tubing Fittings All 
Flareless Compression Type Forged:  In accordance 
with ASTM A 182, Grade F316, Parker-Hannifin 
Ferulok, Flodar BA Series 


Branch Connections 


1 1/2-inch and 
smaller 


Tee or reducing tee in conformance with the fittings 
above 


2-inch and larger Butt-welding tee or reducing tee in accordance with 
the fittings above 


Tubing Branch 
Connections All Compression type tees or reducing tees in 


accordance with the tubing fittings above 


Flanges All 


Forged Stainless Steel:  In accordance with 
ASTM A 182, Grade F316L, ASME B16.5 Class 150 
or Class 300, slip-on weld neck or raised face 


Cast Carbon Steel:  In accordance with ASTM A 216 
Grade WCA, drilled, ASME B16.5 Class 150 or 
Class 300 Van Stone Type with stainless steel stub 
ends, in accordance with ASTM A 240 Type 316L as-
welded grade, in accordance with MSS SP-43, wall 
thickness same as pipe 


Blind flanges, exposed to the atmosphere and not 
buried nor immersed in liquid, may be stainless steel 
or Class 125 DI or Class 150 carbon steel with 
gaskets as specified herein 
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SUPPLEMENT C 
STAINLESS STEEL PIPE AND FITTINGS – GENERAL SERVICE 


Item Size Description 


Unions 2-inch and smaller 


Threaded Forged:  In accordance with ASTM A 182, 
Grade F316, 2,000 or 3,000 pound WOG, integral 
ground seats, AAR design in accordance with 
ASME B16.11, bore to match pipe 


Bolting All 


Forged Flanges:  Type 316 stainless steel hex head 
bolts in accordance with ASTM A 320 Grade B8M and 
hex head nuts in accordance with ASTM A 194 
Grade 8M  


Gaskets All Flanges 


Flanged, Water and Sewage Service:  1/8-inch thick, 
unless otherwise specified, red SBR, hardness 80 
(Shore A), rated to 200°F, in accordance with 
ASME B16.21, AWWA C207, and in accordance with 
ASTM D 1330, Grade 1 and Grade 2 


Thread Lubricant 2-inch and smaller General Service:  100% virgin PTFE Teflon tape 
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SUPPLEMENT D 
PVC PIPE AND FITTINGS 


Item Size Description 


General All Materials in contact with potable water in accordance with 
NSF/ANSI 61  


Pipe All 


Schedule 80 PVC:  Type I, Grade I or Class 12454-B in 
accordance with ASTM D 1784 and ASTM D 1785; pipe shall be 
manufactured with titanium dioxide for UV protection 


Threaded Nipples:  Schedule 80 PVC 


Fittings All 


Schedule to Match Pipe Above:  In accordance with 
ASTM D 2466 and ASTM D 2467 for socket weld type and 
Schedule 80 in accordance with ASTM D 2464 for threaded 
type; fittings shall be manufactured with titanium dioxide for UV 
protection; fittings above 3 inches shall not be threaded; provide 
metal reinforcement for threaded female fittings 


Joints All 


Solvent socket weld except where connection to threaded 
valves and equipment may require future disassembly, use 
flanges in this case; joints in chlorine service shall be 
socket-welded except as required to mate with threaded or 
flanged equipment 


Flanges All One-piece, molded hub type PVC flat face flange in accordance 
with the fittings above, 125 pound ASME B16.1 drilling 


Bolting All 


Flat Face Mating Flange and In Corrosive Areas:  Type 316 
stainless steel hex head bolts in accordance with ASTM A 193 
Grade B8M, and hex head nuts in accordance with ASTM A 194 
Grade 8M 


With Raised Face Mating Flange:  Carbon steel square head 
bolts in accordance with ASTM A 307 Grade B and heavy hex 
head nuts in accordance with ASTM A 563 Grade A  


Gaskets All 


Flat Face Mating Flange:  Full faced 1/8-inch thick EPR 


Raised Face Mating Flange:  Flat ring 1/8-inch EPR, with filler 
gasket between OD of raised face and flange OD to protect the 
flange from bolting moment 


Solvent Cement All 


Socket type joints shall be made by employing solvent cement 
that meets or exceeds the requirements of ASTM D 2564 and 
primer that meets or exceeds requirements of ASTM F 656 and 
as recommended by the pipe and fitting Manufacturer; use in 
strict accordance with the solvent cement Manufacturer’s 
installation instructions 


Thread Lubricant All Teflon tape 
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SUPPLEMENT E 
CPVC  


PIPE AND FITTINGS 


Item Size Description 


Pipe All 


Schedule 80 CPVC:  Type IV, Grade I or Class 23447-B in 
accordance with ASTM D 1784 and ASTM F 441; pipe shall be 
manufactured with titanium dioxide for UV protection 


Threaded nipples shall be Schedule 80 


Fittings All 


Schedule to Match Pipe Above:  In accordance with 
ASTM F 439 for socket weld type and Schedule 80 in 
accordance with ASTM F 437 for threaded type; fittings shall be 
manufactured with titanium dioxide for UV protection; provide 
metal reinforcement for threaded female fittings; fittings above 
3-inch shall not be threaded 


Joints All Solvent socket weld except where connection to threaded 
valves and equipment may require future disassembly 


Flanges All 
One-piece, molded hub Type CPVC flat face flange in 
accordance with the fittings above; 125 pound ASME B16.1 
drilling 


Bolting All 


Flat Face Mating Flange and In Corrosive Areas:  Type 316 
stainless steel hex head bolts in accordance with ASTM A 193 
Grade B8M, and hex head nuts in accordance with ASTM A 194 
Grade 8M  


Raised Face Mating Flange:  Carbon steel square head bolts in 
accordance with ASTM A 307 Grade B and heavy hex head nuts 
in accordance with ASTM A 563 Grade A  


Gaskets All 


Flat Face Mating Flange:  Full faced 1/8-inch thick EPR  


Raised Face Mating Flange:  Flat ring 1/8-inch EPR, with filler 
gasket between OD of raised face and flange OD to protect the 
flange from bolting moment 


Solvent Cement All 


All socket type joints shall be made by employing primer and 
solvent cements that meet or exceed the requirements of 
ASTM F 493 and primers that meet or exceed the requirements 
of ASTM F 656 and as recommended by the pipe and fitting 
Manufacturer; solvent cement and primer shall be listed by NSF 
for use with potable water; use in strict accordance with the 
solvent cement Manufacturer’s installation instructions 


Thread Lubricant All Teflon tape 
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SUPPLEMENT F 
COPPER AND COPPER ALLOY PIPE, TUBING, AND FITTINGS 


Item Description 


General Materials in contact with potable water shall be in accordance with NSF/ANSI 61  


Tubing 


Seamless, in accordance with ASTM B 88 as follows: 


 Potable Water (buried) Type K, soft or hard temper 
 Potable Water (exposed) Type L, hard drawn 
 Domestic hot water Type L, hard drawn 
 Compressed air service Type L, hard drawn 
 Sample line service Type L, hard drawn 


Fittings All Services:  Commercially pure wrought copper, socket joint, in accordance 
with ASTM B 75, dimensions in accordance with ASME B16.22 


Flanges All Services:  Commercially pure wrought copper, socket joint, in accordance 
with ASTM B 75, faced and drilled 150 pound in accordance with ASME B16.24  


Bolting All Services:  Carbon steel, Grade A hex head bolts in accordance with 
ASTM A 307, Grade A hex head nuts in accordance with ASTM A 563  


Gaskets 1/16-inch thick non-asbestos compression type, full face, Cranite, Johns Manville 


Solder 


All Services: 


Joints 2 1/2-inch and smaller:  Wire solder (95% tin), in accordance with 
ASTM B 32 Alloy Grade Sn95; do not use cored solder 


Joints larger than 2 1/2-inch:  Wire solder, melt range approximately 440°F to 
660°F, in accordance with ASTM B 32 Alloy Grade HB or HN; do not use cored 
solder 
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SUPPLEMENT G 
CML CARBON STEEL PIPE AND FITTINGS 


Item Size Description 


Pipe 


 Black carbon steel; in accordance with ASTM A 106, Grade B 
seamless or ASTM A 53 Rev A, Grade B seamless or ERW: 


2-inch and smaller  Schedule 80 


2 1/2-inch thru 10-inch  Schedule 40 


12-inch thru 16-inch  Schedule 30 


18-inch thru 30-inch  Schedule 20 


Lining  Cement-Mortar:  In accordance with AWWA C205 


Fittings 


All Lined same as pipe 


2-inch and smaller 
Threaded:  150 or 300 pound malleable iron, in accordance 
with ASTM A 197 or ASTM A 47, dimensions in accordance 
with ASME B16.3 


2 1/2-inch and larger 


 


Grooved End:  Malleable iron in accordance with ASTM A 47 
or DI in accordance with ASTM A 536, grooved ends to accept 
couplings without field preparation. Victaulic; Grinnell 


Butt-Welded or Flanged:  Carbon steel, in accordance with 
ASTM A 234, Grade WPB, thickness to match adjoining pipe 


Joints 
2-inch and smaller Threaded 


2 1/2-inch and larger Butt-welded or flanged 


Couplings 2-inch and smaller Screwed End:  Malleable iron, in accordance with ASTM A 197 
or ASTM A 47 


Flanges 
2 1/2-inch and larger 


 


Forged carbon steel, slip-on or weld neck in accordance with 
ASTM A 105, 150 or 300 pound; provide weld neck flanges 
when abutting butt-weld fittings; weld neck bore to match pipe 


Bolting  
Fully threaded carbon steel hex head bolts in accordance with 
ASTM A 307, Grade A and carbon steel hex head nuts in 
accordance with ASTM A 563, Grade A  


Gaskets  


Flanged, Water, and Air Services:  1/16-inch thick, 
compressed inorganic fiber with nitrile binder, rated to 700°F 
and 1,000 psi; ring gaskets shall not be permitted; blind 
flanges shall be gasketed covering the entire inside face with 
the gasket cemented to the blind flange 


Joint Lubricant  Manufacturer's standard 
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SUPPLEMENT H 
PE PIPE AND FITTINGS 


Item Description 


Pipe Yellow medium density gas pipe, SDR 11, in accordance with ASTM D 2513, Type II, 
Class B, Category 5, Grade PE2406; manufactured in accordance with ASTM D 2513 


Transition 
Couplings 


PE pipe to epoxy coated steel flanged or screwed ends in accordance with 
ASTM D 2513 and ASTM D 638; double O seal transition fittings, Central Plastics Co. 


Joints Fusion-bonded in accordance with ASTM D 3261 


Fittings Socket type in accordance with ASTM D 2683 
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SUPPLEMENT I 
FLEXIBLE REINFORCED PVC TUBING 


Item Description 


PVC Tubing 


Reinforced PVC tubing with a nylon or steel braid reinforcement embedded in 
wall of tubing and a nominal Shore A durometer of 675; minimum working 
pressure shall be 150 psi; minimum working vacuum rating shall be 28 in Hg 
vacuum; shall meet FDA regulations for food use or NSF regulations for potable 
water; Manufacturer and product:  Ryan Herco, Herco-Flex wire-reinforced tubing 


Fittings 


Tubing shall be joined to pipe with a male adapter fitting and externally secured 
to the fitting with a stainless steel worm drive hose clamp 


Tubing run joints shall be made by connecting the tubing ends with a coupling as 
recommended by the hose and tubing Manufacturer and as approved by the 
ENGINEER 







 


EFFECTIVE JANUARY 2014 1 SECTION 40 27 00 SUPPLEMENT J 
  PROCESS PIPING – GENERAL 


SUPPLEMENT J 
PP PIPE, TUBING, AND FITTINGS 


Item Description 


Pipe  


Exposed:  Pipe materials shall meet the requirements for a Type II co-
polymer PP material in accordance with ASTM D 4101; rated operating 
pressure 200 psi at 73°F; Chemtrol Schedule 80; pipe joints shall be butt 
fusion weld or threaded type 


Buried:  Clarity-grade semi-opaque white PP tubing in coils; minimum length 
of 100 feet 


Fittings  
Exposed:  Conform to the same requirements as pipe; fitting shall be injection 
molded and butt fusion joined or threaded 


Buried:  N/A 


Joints  
Exposed:  Butt fusion weld or threaded except where connection to flanged 
valves and equipment that may require future disassembly. 


Buried:  N/A 


Flanges  
Exposed:  2-piece, stub end and backing ring arrangement; 125 pound in 
accordance with ASME B16.1 drilling; do not mate with raised face flange 


Buried:  N/A 


Bolting  


Exposed:  Type 316 stainless steel Grade B8M hex head bolts in accordance 
with ASTM A 193, and hex head nuts in accordance with ASTM A 194 Grade 
8M  


Buried:  N/A 


Gaskets Flat Face Mating Flange:  Full faced 1/8-inch thick EPR 
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SECTION 40 27 01 
PROCESS PIPING SPECIALTIES 


PART 1 GENERAL 
1.1 SUMMARY 


A. Section includes general information, products, and execution for process piping specialties. 
B. Related Sections: 


1. SECTION 01 43 33 – MANUFACTURERS’ SERVICES 
2. SECTION 01 78 23 – OPERATION AND MAINTENANCE DATA 
3. SECTION 09 90 00 – PAINTING AND COATING 
4. SECTION 40 05 15 – PIPING SUPPORT SYSTEMS  
5. SECTION 40 27 00 – PROCESS PIPING – GENERAL  


1.2 REFERENCES 
A. American Society of Mechanical Engineers (ASME): 


1. B16.1 – Gray Iron Pipe Flanges and Flanged Fittings 
2. B16.5 – Pipe Flanges and Flanged Fittings 


B. American Water Works Association (AWWA): 
1. C153 – Ductile-Iron Compact Fittings for Water Service 
2. C213 – Fusion-Bonded Epoxy Coating for the Interior and Exterior of Steel Water Pipelines 
3. C219 – Bolted, Sleeve-Type Couplings for Plain-End Pipe 
4. Manual M11 – Steel Pipe – A Guide for Design and Installation 


C. ASTM International (ASTM): 
1. A 153 – Standard Specification for Zinc Coating (Hot-Dip) on Iron and Steel Hardware 
2. A 240 – Standard Specification for Chromium and Chromium-Nickel Stainless Steel Plate, Sheet, and Strip for 


Pressure Vessels and for General Applications 
3. A 276 – Standard Specification for Stainless Steel Bars and Shapes 


D. Denver Water (DW): 
1. Engineering Standards, MS-23 – Brass and Bronze Goods 


E. NSF International/American National Standards Institute (NSF/ANSI): 
1. 61 – Drinking Water System Components – Health Effects 
2. 61, Annex G – Weighted Average Lead Evaluation Procedure to a 0.25% Lead Requirement 
3. 372 – Drinking water system components - Lead content 


1.3 SUBMITTALS 
A. Action Submittals:  Provide the Manufacturer’s data on materials, construction, end connections, ratings, overall 


lengths, and live lengths as applicable. 
B. Informational Submittals: 


1. Coupling harness: 
a. Details, ratings, calculations, and test reports for thrust restraints relying on welded bars or rings. 
b. Weld procedure qualifications. 
c. Load proof-testing report of prototype restraint for any size coupling. 


2. Basket strainer: 
a. The Manufacturer’s installation instructions. 
b. The Manufacturer’s certificate of proper installation as specified in SECTION 01 43 33. 


3. O&M data as specified in SECTION 01 78 23. 
PART 2 PRODUCTS 
2.1 APPROVED MANUFACTURERS 


A. Connectors: 
1. Teflon bellows connector: 


a. Garlock, Style 214 
b. Proco Products, Inc., Series 442 
c. Resistoflex, No. R6904 
d. Unisource Manufacturing, Inc., Style 112 


2. Metal bellows connector: 
a. Hyspan Precision Products, Inc., Series 1500 
b. Pathway Bellows, Inc., Style CT 


3. Flexible metal hose connector: 
a. Anamet Industrial, Inc. 
b. Proco Products, Inc. 
c. Senior Flexonics 
d. Unisource Manufacturing, Inc. 


4. Quick-connect couplings for chemical services: 
a. OPW, Kamlock 
b. Ryan Herco, 1300 Series 


B. Couplings: 
1. Flexible sleeve type: 


a. Steel pipe: 
1) Dresser Piping Specialties, Style 38 
2) Smith-Blair, Inc., Style 411 


b. DI pipe: 
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1) Dresser Piping Specialties, Style 253 
2) Smith-Blair, Inc., Style 411 


2. BBSTC: 
a. Victaulic Co., Depend-O-Lok couplings 


3. Transition coupling for steel pipe: 
a. Dresser Piping Specialties, Style 162 
b. Smith-Blair, Inc., Style 413 


4. Flanged coupling adapter: 
a. Steel pipe: 


1) Dresser Piping Specialties, Style 128 
2) Smith-Blair, Inc., Style 913 


b. DI pipe: 
1) Dresser Piping Specialties, Style 128 
2) Smith-Blair, Inc., Style 912 


5. Thrust restraint: 
a. EBAA Iron Sales Co., Mega-Flange 


6. Exposed metallic piping plain end couplings: 
a. Straub Couplings, Grip-L or Metal Grip 


C. Expansion Joints: 
1. Elastomer bellows: 


a. General Rubber Corp., Style 1015 Maxijoint 
b. Goodall Rubber Co., Specification E-711 
c. Mercer, Flexmore Style 450 
d. Proco Products, Inc., Series 251 
e. Unisource Manufacturing, Inc., Series 1500 


2. Teflon bellows: 
a. Garlock, Style 215 
b. Proco Products, Inc., Series 443 Resistoflex, No. R6905 
c. Unisource Manufacturing, Inc., Style 113 


3. Metal bellows: 
a. Hyspan Precision Products, Inc., Series 1500 
b. Pathway Bellows, Inc., Style CT 


4. Copper pipe expansion compensator: 
a. Hyspan, Model 8510 
b. Senior Flexonics, Model HB 
c. Unisource Manufacturing, Inc., Style EC-FFS 


5. Flexible metal hose: 
a. Anamet Industrial, Inc., BWC21-1 
b. Senior Flexonics, Series 401M 


D. Flexible Expansion Joints: 
1. EBAA Iron Sales Co., Flex-Tend 


E. Service Saddles: 
1. Dresser, Style 91 
2. Smith-Blair, Series 313 or 366 


F. Pipe Sleeves: 
1. Molded PE pipe sleeve: 


a. PSI-Thunderline/Link-Seal, Century-Line, Model CS  
2. Insulated and encased pipe sleeve: 


a. Pipe Shields, Inc.; Models WFB, WFB-CS, and -CW Series, as applicable 
3. Modular mechanical seal: 


a. Thunderline Corp., Link-Seal Division 
G. Slab, Floor, Wall, and Roof Penetrations: 


1. American Cast Iron Pipe Co. 
2. U.S. Pipe and Foundry Co. 


H. Miscellaneous Specialties: 
1. Strainers, water service, 2-inches and smaller: 


a. Armstrong International, Inc.; Model F 
b. Mueller Steam Specialty, Model 351M 


2. Strainers, water service, 2 1/2-inches and larger: 
a. Armstrong International, Inc., Model A7FL 125 
b. Mueller Steam Specialty, Model 751 


3. Strainers, plastic piping systems, 4-inches and smaller: 
a. Hayward 


4. Water hose: 
a. Boston 
b. Goodyear 
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5. Hose nozzles: 
a. Croker 
b. Elkhart 


2.2 MATERIALS 
A. Provide required piping specialty items, whether or not shown on the Drawings, and as required by applicable codes 


and standard industry practice. 
B. Rubber ring joints, mechanical joints, flexible couplings, and proprietary restrained DI pipe joints are considered 


flexible joints; welded, screwed, and flanged pipe joints are not considered flexible joints. 
C. Brass and bronze valve components and accessories that have surfaces in contact with potable water shall be alloys 


containing less than 16% zinc and 2% aluminum and shall be certified in accordance with NSF/ANSI 61, NSF/ANSI 
61, Annex G, and NSF/ANSI 372. 


D. Connectors: 
1. Teflon bellows connector: 


a. Type:  2 convolutions, unless otherwise shown on the Drawings, with metal reinforcing bands. 
b. Flanges:  DI, drilled Class 150 in accordance with ASME B16.5. 
c. Working pressure rating:  140 psi, minimum, at 120°F. 
d. Thrust restraint:  Limit bolts to restrain the force developed by the specified test pressure. 


2. Metal bellows connector: 
a. Type: Single-ply, annular corrugated metal bellows with limit rods.  Circumferential convolution welds are not 


permitted. 
b. Material:  Type 316 stainless steel. 
c. End connections:  150 pound carbon steel flanges in accordance with ASME B16.5. 
d. Minimum design working pressure:  150 psi at 750°F. 
e. Length:  Minimum of 4 convolutions and the minimum Manufacturer’s recommendation for vibration isolation. 


3. Flexible metal hose connector: 
a. Type:  Close pitch, annular corrugated with single braided jacket. 
b. Material:  Bronze. 
c. End connections:  Female copper solder joint. 
d. Minimum burst pressure:  500 psig at 70°F. 
e. Length:  The minimum Manufacturer’s recommendation for vibration isolation. 


4. Quick-connect couplings for chemical services: 
a. Type:  Twin cam arm actuated, male and female, locking, for chemical loading and transfer. 
b. Materials:  Glass-filled PP or PVDF with EPDM, Viton-A or Teflon gaskets as recommended for the service by 


the Manufacturer. 
c. End connections:  NPT threaded or flanged to match piping connections; hose shank for chemical 


installations. 
d. Plugs and caps:  Female dust cap for each male end; male dust plug for each female end. 
e. Pressure rating:  125 psi, minimum, at 70°F. 


E. Couplings: 
1. General: 


a. Coupling linings for use in potable water systems in accordance with NSF/ANSI 61. 
b. Couplings shall be rated for a working pressure no less than that shown on the Piping Schedule for the 


service and no less than 150 psi. 
c. Couplings shall be lined and coated with fusion-bonded epoxy in accordance with AWWA C213. 
d. Unless thrust restraint is provided by other means, couplings shall be harnessed in accordance with AWWA 


Manual M11 and restrained with a retainer bar or ring welded to pipe end or as shown on the Drawings. 
e. Sleeve type couplings in accordance with AWWA C219 and shall be hydraulically expanded beyond the 


minimum yield for accurate sizing and proofing of tensile strength. 
2. Restrained flange adapter: 


a. Pressure rating: 
1) Minimum working pressure rating:  150 psi. 
2) Safety factor:  No less than 2 times the working pressure; shall be supported by the Manufacturer’s proof 


testing. 
b. Thrust restraint: 


1) Provide hardened steel wedges that bear against and engage the outer pipe surface and allow 
articulation of the pipe joint after assembly while wedges remain in their original setting position on the 
pipe surface. 


2) Products employing set screws that bear directly on the pipe are not acceptable. 
3. Exposed metallic piping plain end couplings: 


a. Plain end pipe couplings shall be self-restrained against hydrostatic thrust forces equal to no less than 2 
times the working pressure rating of the coupling.  Couplings shall accommodate 4 degrees of angular 
deflection at the time of installation and subsequent to pressurization. 


b. Casing, bolts, and nuts shall be ASTM A 240, Type 304 or Type 316 stainless steel.  The sealing sleeve shall 
be EPDM or NBR elastomer as best suited for the fluid service. 


F. Expansion Joints: 
1. Elastomer bellows: 


a. Type:  Reinforced molded wide arch. 
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b. End connections:  Flanged, Class 125 in accordance with ASME B16.1, with split galvanized steel retaining 
rings. 


c. Washers:  Over-retaining rings to help provide a leak-proof joint under the test pressure. 
d. Thrust protection:  Control rods to protect the bellows from over-extension. 
e. Bellows arch lining:  Buna-N, nitrile, or butyl. 
f. Rated temperature:  250°F. 
g. Rated deflection and pressure: 


1) Lateral deflection:  3/4 inch, minimum. 
2) Burst pressure:  4 times the working pressure. 
3) Compression deflection and minimum working pressure: 


 
Size 


(inches) 
Deflection 
(inches) 


Pressure 
(psi) 


2 1/2 to 12 1.06 150 
14 1.65 130 


16 to 20 1.65 110 
 


2. Teflon bellows: 
a. Type:  3 convolutions with metal reinforcing bands. 
b. Flanges:  DI, drilled, Class 150 in accordance with ASME B16.5. 
c. Working pressure rating:  100 psi, minimum, at 120°F. 
d. Thrust restraint:  Limit bolts to restrain force developed by the specified test pressure. 


3. Metal bellows: 
a. Type:  Single-ply, annular corrugated metal bellows with limit rods; circumferential convolution welds are not 


permitted. 
b. Material:  ASTM A 240, Type 316 stainless steel. 
c. End connections:  Class 150 carbon steel flanges in accordance with ASME B 16.5. 
d. Minimum design working pressure:  150 psi at 750°F. 
e. Length:  Minimum of 4 convolutions and the minimum Manufacturer’s recommendation for vibration isolation. 


4. Copper pipe expansion compensator: 
a. Material:  Stainless steel bellows with female copper solder joint ends. 
b. Working pressure rating:  175 psi, minimum. 
c. Accessories:  Anti-torque device to protect bellows. 


5. Flexible metal hose: 
a. Type:  Close pitch, annular corrugated with single braided jacket. 
b. Material:  ASTM A 276 Type 321 stainless steel. 
c. End connections: 


1) For 3-inch and larger connections:  Shop fabricated flanged ends to match mating flanges. 
2) For 2 1/2-inch and smaller connections:  Screwed ends with one union end. 


d. Minimum burst pressure:  600 psi at 70°F for 12-inches and smaller. 
e. Length:  Provide hose live-length equal to the lengths shown on the Drawings. 


G. Flexible Expansion Joints: 
1. Design: 


a. Ball-and-socket type for earth settlement compensation. 
b. Joints shall be double ball assemblies rated for 15 degree minimum deflection and no less than 4 inches 


offset from the centerline of connecting piping. 
c. Assembly shall accommodate up to 4 inches of expansion in length. 
d. DI in accordance with AWWA C153. 
e. Rated for 350 psi. 
f. Components shall be lined and coated by the Manufacturer with fusion-bonded epoxy on all surfaces not 


bearing gaskets. 
g. End connections:  Flanged or mechanical joint as shown on the Drawings and as required by connecting pipe 


and fittings. 
h. The joint connecting to the mechanical joint shall be thrust restrained. 
i. Bonding: 


1) The Manufacturer shall factory install exothermic welded joint bonds for assembled expansion joint. 
2) Provide 24-inch bond wires for field bonds to adjacent metallic piping. 
3) Bond wires shall be #2 AWG with two 12-inch long THHN insulated #12 AWG wire pigtails. 


H. Service Saddles:  In accordance with DW Engineering Standard MS-23. 
I. Pipe Sleeves: 


1. Steel: 
a. Minimum thickness:  3/16-inch. 
b. Seep ring: 


1) Center steel flange for water stoppage on sleeves in exterior or water-bearing walls, 3/16-inch minimum 
thickness. 


2) Outside diameter:  Unless otherwise shown on the Drawings, 3 inches greater than the outside diameter 
of the pipe sleeve. 


3) Continuously fillet weld on each side all around. 
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c. Factory finish: 
1) Galvanizing: 


a) Hot-dip applied in accordance with ASTM A 153. 
b) Electroplated zinc or cadmium plating is not acceptable. 


2) Shop lining and coating:  Factory prepare, prime, and finish coat as specified in SECTION 09 90 00. 
2. Molded PE: 


a. Molded HDPE with integral water stop ring no less than 3 inches larger than the sleeve. 
b. Provided with end caps for support during concrete placement. 


3. Modular mechanical seal: 
a. Type:  Interconnected synthetic rubber links shaped and sized to continuously fill the annular space between 


pipe and wall sleeve opening. 
b. Fabrication: 


1) Assemble interconnected rubber links with Type 18-8 stainless steel bolts and nuts in accordance with 
ASTM A 276. 


2) Pressure plates shall be reinforced nylon polymer. 
c. Size:  According to the Manufacturer’s instructions for the size of pipes shown on the Drawings to provide a 


watertight seal between pipe and wall sleeve opening, and to withstand a hydrostatic head of 40 feet of water. 
J. Slab, Floor, Wall, and Roof Penetrations: 


1. DI wall pipe: 
a. Diameter and ends:  Same as connecting DI pipe. 
b. Thickness:  Equal to or greater than the remainder of the pipe in line. 
c. Fittings:  As specified in the applicable Pipe Data Sheet. 
d. Thrust collars: 


1) Rated for thrust load developed at 250 psi. 
2) Safety factor:  2, at a minimum. 
3) Material and construction:  DI or CI, cast integral with wall pipe wherever possible, or thrust rated, welded 


attachment to wall pipe. 
2. Steel or stainless steel wall pipe: 


a. Same material and thickness as connecting pipe, except 1/4-inch minimum thickness. 
b. Lining:  Same as connecting pipe. 
c. Thrust collar: 


1) Outside diameter:  Unless otherwise shown on the Drawings, 3 inches greater than the outside diameter 
of the wall pipe. 


2) Continuously fillet welded on each side all around. 
K. Miscellaneous Specialties: 


1. Strainers, water service, 2-inches and smaller: 
a. Type:  Bronze body, Y-pattern, 200 psi non-shock rated, with screwed gasketed bronze cap. 
b. Screen:  Heavy-gauge Type 304 stainless steel or monel, 20-mesh. 


2. Strainers, water service, 2 1/2-inches and larger: 
a. Type:  CI or DI body, Y-pattern, 175 psi non-shock rated, with flanged gasketed iron cap. 
b. Screen:  Heavy-gauge Type 316 stainless steel, 0.045-inch perforations. 


3. Strainers, plastic piping systems, 4-inches and smaller: 
a. Type:  Y-pattern PVC body, 150 psi non-shock rated, with screwed PVC cap and Viton seals. 
b. End connections:  Screwed or solvent weld, 2-inches and smaller.  Class 150 ANSI flanges, 2 1/2-inches and 


larger. 
c. Screen:  Heavy-gauge PVC, 1/32-inch mesh, minimum 2:1 screen area to pipe size ratio. 


4. Water hose: 
a. Furnish 50 foot lengths of 1 1/2-inch rubber hose.  EPDM black cover and EPDM tube, reinforced with 2 


textile braids.  Provide each length with brass male and female NST hose thread couplings to fit hose nozzle 
and hose valve. 


b. Rated minimum working pressure of 200 psi. 
5. Hose nozzles:  Furnish 1 1/2-inch cast brass, satin finish, nozzles with adjustable fog, straight-stream, and 


shut-off feature and rubber bumper.  Provide nozzles with female NST hose thread. 
6. Long sweep elbows: 


a. For 4-inch pipe, furnish long sweep elbows with a centerline radius of 48 inches and tangent length of 
9 inches. 


b. Furnish with Schedule 40 pipe. 
PART 3 EXECUTION 
3.1 GENERAL 


A. Provide accessibility to piping specialties for control and maintenance. 
3.2 INSTALLATION 


A. Piping Flexibility Provisions: 
1. General: 


a. Thrust restraint shall be provided as specified in SECTION 40 27 00. 
b. Install flexible couplings to facilitate piping installation in accordance with approved Shop Drawings. 


2. Flexible joints at concrete backfill or encasement:  Install within 18 inches or one-half pipe diameter, whichever is 
less, from the termination of any concrete backfill or concrete encasement. 
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3. Flexible expansion joints shall be provided to compensate for earth settlement at buried piping connections to 
structure wall pipes. 


B. Piping Transition: 
1. Applications: 


a. Provide complete closure assembly where pipes meet other pipes or structures. 
b. Pressure pipeline closures:  Plain end pieces with double flexible couplings. 
c. Restrained joint pipe closures:  Install with thrust tie-rod assemblies as shown on the Drawings. 
d. Gravity pipe closures:  As specified for pressure pipelines or concrete closures. 
e. Concrete closures:  Use to make connections between dissimilar pipe where standard rubber gasketed joints 


or flexible couplings are impractical. 
f. Elastomer sleeves bonded to pipe ends are not acceptable. 


2. Installation: 
a. Flexible transition couplings:  Install in accordance with coupling Manufacturer’s instructions to connect 


dissimilar pipe and pipes with a small difference in outside diameter. 
b. Concrete closures: 


1) Locate away from structures so there are at least 2 flexible joints between the closure and pipe entering 
the structure. 


2) Clean pipe surface before placing closure collars. 
3) Wet nonmetallic pipe thoroughly prior to placing collars. 
4) Prevent concrete from entering pipe. 
5) Extend the collar a minimum of 12 inches on each side of joint with a minimum thickness of 6 inches 


around the outside diameter of pipe. 
6) Make entire collar in one placement. 
7) After concrete has reached initial set, cure by covering with well-moistened earth. 


C. Piping Expansion: 
1. Piping installation:  Allow for thermal expansion due to differences between installation and operating 


temperatures. 
2. Expansion joints: 


a. Grooved joint and flanged piping systems:  Elastomer bellows expansion joint. 
b. Nonmetallic pipe:  Teflon bellows expansion joint. 
c. Screwed and soldered piping systems:  Copper or galvanized and black steel pipe expansion compensator, 


as applicable. 
d. Air and water service above 120°F:  Metal bellows expansion joint. 
e. Pipe run offset:  Flexible metal hose. 


3. Anchors and anchor walls:  Install as specified in SECTION 40 05 15 to withstand expansion joint thrust loads and 
to direct and control thermal expansion. 


D. Service Saddles: 
1. Ferrous metal piping, except stainless steel:  Double-strap iron. 
2. Plastic piping:  Nylon-coated iron. 


E. Couplings: 
1. General: 


a. Install in accordance with Manufacturer’s instructions. 
b. Before coupling, clean pipe holdback area of oil, scale, rust, and dirt. 
c. Do not remove pipe coating.  If damaged, repair before the joint is made. 
d. Application: 


1) Metallic piping systems:  Flexible couplings, transition couplings, and flanged coupling adapters. 
2) Concrete encased couplings:  Flexible coupling. 


F. Flexible Pipe Connections to Equipment: 
1. Install to prevent piping from being supported by equipment, for vibration isolation, and where shown on the 


Drawings. 
2. Product applications: 


a. Nonmetallic piping:  Teflon bellows connector. 
b. Copper piping:  Flexible metal hose connector. 
c. Compressor and blower discharge:  Metal bellows connector. 
d. All other piping:  Elastomer bellows connector. 


3. Limit bolts and control rods:  Tighten snug prior to applying pressure to system. 
G. Pipe Sleeves: 


1. Application: 
a. As specified in SECTION 40 27 00. 
b. Above grade in non-submerged areas:  Hot-dip galvanized after fabrication. 
c. Below grade or in submerged or damp environments:  Shop-lined and coated. 
d. Alternatively, molded PE pipe sleeve as specified may be applied. 


2. Installation: 
a. Support non-insulating type securely in formwork to prevent contact with reinforcing steel and tie-wires. 
b. Caulk joint with specified sealant in non-submerged applications and seal below grade and submerged 


applications with wall penetration seal. 
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H. Slab, Floor, Wall, and Roof Penetrations: 
1. Applications: 


a. Watertight and below ground penetrations: 
1) Wall pipes with thrust collars. 
2) Provide taps for stud bolts in flanges to be set flush with wall face. 


b. Non-watertight penetrations:  Pipe sleeves with seep ring. 
c. Existing walls:  Rotary drilled holes. 
d. Fire rated or smoke rated walls, floors or ceilings:  Insulated and encased pipe sleeves. 


2. Wall pipe installation: 
a. Isolate embedded metallic piping from concrete reinforcement using coated pipe penetrations as specified in 


SECTION 09 90 00. 
b. Support wall pipes securely by formwork to prevent contact with reinforcing steel and tie-wires. 


END OF SECTION 
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SECTION 40 27 02 
PROCESS VALVES AND OPERATORS 


PART 1 GENERAL 
1.1 SUMMARY 


A. Section includes general information, products, and execution for process valves and operators. 
B. Related Sections: 


1. SECTION 01 44 33 – MANUFACTURERS’ SERVICES 
2. SECTION 01 78 23 – OPERATION AND MAINTENANCE DATA 
3. SECTION 09 90 00 – PAINTING AND COATING 


1.2 REFERENCES 
A. American Society of Mechanical Engineers (ASME): 


1. B16.1 – Gray Iron Pipe Flanges and Flanged Fittings 
B. American Water Works Association (AWWA): 


1. C504 – Rubber-Seated Butterfly Valves 
2. C508 – Swing-Check Valves for Waterworks Service, 2 in. (50 mm) through 24 in. (600 mm) NPS 
3. C509 – Resilient-Seated Gate Valves for Water Supply Service 
4. C511 – Reduced-Pressure Principle Backflow Prevention Assembly 
5. C540 – Power-Actuating Devices for Valves and Sluice Gates 
6. C550 – Protective Epoxy Interior Coatings for Valves and Hydrants 
7. C606 – Grooved and Shouldered Joints 
8. C800 – Underground Service Line Valves and Fittings 


C. ASTM International (ASTM): 
1. B 61 – Standard Specification for Steam or Valve Bronze Castings 
2. B 62 – Standard Specification for Composition Bronze or Ounce Metal Castings 
3. B 98 – Standard Specification for Copper-Silicon Alloy Rod, Bar, and Shapes 
4. B 127 – Standard Specification for Nickel-Copper Alloy (UNS N04400) Plate, Sheet, and Strip 
5. B 139 – Standard Specification for Phosphor Bronze Rod, Bar and Shapes 
6. B 164 – Standard Specification for Nickel-Copper Alloy Rod, Bar, and Wire 
7. B 194 – Standard Specification for Copper-Beryllium Alloy Plate, Sheet, Strip, and Rolled Bar 
8. B 584 – Standard Specification for Copper Alloy Sand Castings for General Applications 
9. D 429 – Standard Test Methods for Rubber Property-Adhesion to Rigid Substrates 
10. D 1784 – Standard Specification for Rigid Poly(Vinyl Chloride) (PVC) Compounds and Chlorinated Poly(Vinyl 


Chloride) (CPVC) Compounds 
D. Denver Water (DW): 


1. Engineering Standards, MS-12 – Cast Iron Valve Boxes 
E. Manufacturers Standardization Society (MSS): 


1. SP-80 – Bronze Gate, Globe, Angle and Check Valves 
2. SP-81 – Stainless Steel, Bonnetless, Flanged Knife Gate Valves 
3. SP-88 – Diaphragm Type Valves 
4. SP-110 – Ball Valves Threaded, Socket-Welding, Solder Joint, Grooved and Flared Ends 


F. NSF International/American National Standards Institute (NSF/ANSI): 
1. 61 – Drinking Water System Components – Health Effects 
2. 61, Annex G – Weighted Average Lead Evaluation Procedure to a 0.25% Lead Requirement 
3. 372 – Drinking water system components - Lead content 


1.3 SUBMITTALS 
A. Product Data:  Sheets for each make and model; indicate valve type number, applicable tag number, and facility 


name/number or service where used. 
B. Shop Drawings: 


1. Complete catalog information, descriptive literature, specifications, and identification of materials of construction. 
2. Power and control wiring diagrams, including terminals and numbers. 
3. For each power actuator provided, the Manufacturer’s standard data sheet with application specific features and 


options clearly identified. 
4. Sizing calculations for open-close/throttle and modulating valves. 


C. Certificates: 
1. Manufacturer’s certificate of compliance as specified in SECTION 01 44 33 for: 


a. Electric actuators:  In accordance with AWWA C540. 
b. Butterfly valves:  In accordance with AWWA C504. 


2. Manufacturer’s certificate of proper installation as specified in SECTION 01 44 33. 
D. Tests and inspection data. 
E. O&M data as specified in SECTION 01 78 23. 


PART 2 PRODUCTS 
2.1 APPROVED MANUFACTURERS 


A. Gate Valves: 
1. Type V100 gate valve: 


a. Crane, Figure 438, NPT threaded ends 
b. Crane, Figure 1324, soldered ends 
c. Stockham, Figure B103, NPT threaded ends 
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d. Stockham, Figure B104, soldered ends 
2. Type V108 gate valve: 


a. Crane, Figure 461 
b. Stockham, Figure G612 


3. Type V132 resilient-seated gate valve: 
a. American AVK 
b. American Flow 
c. Clow 
d. U.S. Pipe, A-USPO 
e. East Jordan Iron Works 
f. Kennedy 
g. Mueller Co. 


B. Globe Valves: 
1. Type V200 globe valve: 


a. Crane Co., Figure 7TF, NPT threaded end 
b. Stockham, Figure B-22T, NPT threaded end 
c. Stockham, B-24T, soldered end 


2. Type V208 needle disc type globe valve: 
a. Crane Cat., No. 88 
b. Stockham, B-64 


3. Type V236 globe style hose valve: 
a. Crane Co., Cat. No. 7TF 
b. Nibco, Figure T-235-Y 
c. Stockham, Figure B-22T 


4. Type V237 angle pattern hose valve: 
a. Crane Co., Cat. No. 17TF 
b. Nibco, Figure T-335-Y 
c. Stockham, Figure B-222T 


C. Ball Valves: 
1. Type V300 ball valve: 


a. Apollo, 70-100, threaded ends 
b. Apollo, 70-200, soldered ends 
c. Nibco, T-580-70, threaded ends 
d. Nibco, S-580-70, soldered ends 


2. Type V301 ball valve: 
a. Apollo, 77-100, threaded ends 
b. Apollo, 77-200, soldered ends 
c. Nibco, T-585-70, threaded ends 
d. Nibco, S-585-70, soldered ends 


3. Type V302 actuator ready ball valve: 
a. Apollo, 71-140 
b. Milwaukee, 20BSOR-02 


4. Type V330 PVC ball valve: 
a. Nibco, Chemtrol Tru-Bloc 
b. ASAHI/America, Duo-Bloc 


D. Plug Valves: 
1. Type V420 non-lubricated plug valve: 


a. Duriron Co., Figure No. G432 
b. Tufline, Figure 066 


2. Type V464 corporation stop: 
a. Ford Meter Box Co. 
b. Mueller Co. 


3. Type V466 buried service natural gas plug valve: 
a. DeZurik, Figure 425 
b. Mueller Co., (gas) curb stop H-11104 


E. Butterfly Valves: 
1. Type V500 butterfly valve: 


a. DeZurik, AWWA Valve 
b. M&H Valve Company 
c. Mueller Co. 
d. Pratt, Model 2FII or Triton XR-70 
e. Rodney Hunt 
f. Valmatic 


2. Type V504 butterfly valve: 
a. DeZurik, Buried AWWA Valve 
b. M&H Valve Company 
c. Pratt, Groundhog 
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d. Valmatic 
3. Type V510 lug style butterfly valve: 


a. Bray Controls, Series 31 
b. Tyco/Keystone, Model AR2 


4. Type V520 solid PVC butterfly valve: 
a. ASAHI/America, Type 56 


5. Type V531 butterfly valve: 
a. Aleum 
b. Kennedy, Figure 01 
c. Milwaukee Valve Company, Series BB-SC 


F. Check and Flap Valves: 
1. Type V600 check valve: 


a. Milwaukee, Figure 509, threaded ends 
b. Milwaukee, Figure 1509, soldered ends 
c. Stockham, Figure B-319, threaded ends 
d. Stockham, Figure B-309, soldered ends 


2. Type V602 check valve: 
a. Walworth, Figure 3412 
b. Milwaukee, Figure 510 


3. Type V608 swing check valve: 
a. M&H Valve, Style 59, 159, or 259 
b. Mueller Co., No. A-2600 Series 


4. Type V610 swing check valve: 
a. Kennedy, Figure 126 
b. Mueller Co., A-2120-6 


5. Type V630 PVC ball check valve: 
a. ASAHI/America 
b. Nibco, Chemtrol Tru Union 


6. Type V642 reduced-pressure principle BFPA: 
a. Danfoss Flomatic, Model RPZE/RPZ 
b. FEBCO, Model 860 
c. Watts, Series 009/909 


7. Type V644 wet pipe alarm valve: 
a. Reliable Automatic Sprinkler Co., Inc., Model E Alarm Valve 
b. Tyco/Central 


8. Type V645 wet pipe riser check valve: 
a. Reliable Automatic Sprinkler Co., Inc., Model G 
b. Tyco/Central, Model 90 
c. Victaulic, Series 717R 


G. Self-Regulated Automatic Valves: 
1. Type V710 pressure-reducing valve: 


a. Fisher, Type 75A 
b. Watts, Series 223 


2. Type V711 pressure-reducing valve: 
a. Fisher, 95 Series 


3. Type V720 PVC pressure relief, bypass relief, back-pressure regulator, back-pressure, anti-siphon valve: 
a. Griffco, Series BPV 
b. Plast-O-Matic, Series RVDT 
c. Primary Fluid Systems, TOP Valve 


4. Type V722 PVC pressure regulating valve: 
a. Hayward, Pressure Regulator 
b. Plast-O-Matic, Series PR 


5. Type V730 pressure-relief valve: 
a. Fisher, 98 Series 


H. Miscellaneous Valves: 
1. Type V901 diaphragm valves: 


a. ITT Engineered Valves 
b. Saunders Valve, Inc. 


2. Type V902 diaphragm valves: 
a. ASAHI/America, Valve Type 14 
b. Spears 


3. Type V903 diaphragm valves: 
a. ASAHI/America, Diaphragm Valve Type 14 
b. ITT Engineered Valves, Dia-Flo 
c. Saunders Valve, Diaphragm Valve 


4. Type V905 pinch valve: 
a. Red Valve Co., Series 75 
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b. RF Technologies, Inc., RF Valve 
5. Type V940 solenoid valve: 


a. ASCO 
b. Skinner 


I. Operators and Actuators: 
1. Electric motor actuators: 


a. Open-close or modulating service (1E): 
1) ASAHI/America, Series 94 
2) Bettis, Model EM 
3) EI-O-Matic, EL Series 


J. Accessories: 
1. T-handled operating wrench: 


a. Clow No., F-2520 
b. Mueller Co., No. A-24610 


2. Extension bonnet for valve operator complete with enclosed stem, extension, support brackets, and accessories 
for valve and operator: 
a. DeZurik 
b. Pratt 


3. Floor stand and extension stem: 
a. Clow, Figure F-5515 
b. Mueller Co., Figure A-26426 


4. Floor box and stem: 
a. Clow, No. F5690 
b. Neenah Foundry, R 7506 


5. Chain wheel and guide: 
a. Clow Corp., Figure F-5680 
b. DeZurik Corp., Series W or LWG 
c. Walworth Co., Figure 804 


6. CI valve box designed for traffic loads, adjustable screw type, with minimum of 5 1/4-inch ID shaft: 
a. In accordance with DW Engineering Standard MS-12 


7. Concrete valve box designed for traffic loads, sliding type, with minimum of 10-inch ID shaft: 
a. BES Concrete Products, G Series 
b. Christy Concrete Products, G Series 


8. Indicator post assembly: 
a. Clow, Style 2945 
b. Mueller Co., A-20806 


2.2 MATERIALS 
A. General: 


1. Valves shall include operator, actuator, handwheel, chain wheel, extension stem, floor stand, operating nut, chain, 
wrench, and accessories to allow a complete operation from the intended operating level. 


2. The valve shall be suitable for its intended service.  Renewable parts shall not be of a lower quality than specified. 
3. The valve shall be the same size as adjoining pipe unless otherwise called out on the Drawings or in the 


Supplements. 
4. Valve ends shall suit adjacent piping. 
5. Resilient-seated valves shall have no leakage (drop-tight) in either direction at the valve rated design pressure.  


Other valves shall have no leakage (drop-tight) in either direction at the valve rated design pressure unless 
otherwise specified in this Section or in the stated valve standard. 


6. Size operators and actuators to operate valve for the full range of pressures and velocities. 
7. Buried valves shall open by turning clockwise.  Non-buried, in-plant service valves shall open by turning counter-


clockwise. 
8. Factory-mount operator, actuator, and accessories. 
9. Brass and bronze valve components and accessories that have surfaces in contact with potable water shall be 


alloys containing less than 16% zinc and 2% aluminum and shall be certified in accordance with NSF/ANSI 61, 
NSF/ANSI 61, Annex G, and NSF/ANSI 372. 
a. Approved alloys:  ASTM B 61, ASTM B 62, ASTM B 98 (Alloy UNS No. C65100, C65500, or C66100), ASTM 


B 139 (Alloy UNS No. C51000), ASTM B 584 (Alloy UNS No. C90300 or C94700), ASTM B 164, ASTM B 194, 
and ASTM B 127. 


b. Stainless steel alloy 18-8 may be substituted for bronze. 
B. Gate Valves: 


1. General: 
a. AWWA gate valves shall be in accordance with AWWA and the following requirements: 


1) Provide a 2-inch wrench nut and handwheel for AWWA gate valves 12-inches and smaller. 
2) Provide a totally enclosed spur or bevel gear operator with indicator for AWWA gate valves 14-inches and 


larger. 
3) Provide an Affidavit of Compliance in accordance with the applicable AWWA standard for AWWA gate 


valves. 
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4) Mark AWWA gate valves with the Manufacturer’s name or mark, year of casting, size, and working water 
pressure. 


5) Repaired AWWA gate valves shall not be submitted or supplied. 
b. Type V100 gate valve 3-inches and smaller:  All-bronze, screwed bonnet, packed gland, single solid wedge 


gate, non-rising stem, Class 125 rated 200 psi CWP, in accordance with MSS SP-80 Type 1. 
c. Type V108 gate valve 2-inches to 24-inches:  Iron body, bronze mounted, flanged ends, solid wedge gate, 


non-rising bronze stem, Class 125 rated 125 psi SWP, 200 psi CWP for 2-inch through 12-inch and 100 psi 
SWP, 150 psi CWP for 14-inch through 24-inch. 


d. Type V132 resilient-seated gate valve 3-inches to 12-inches for buried service:  Iron body, resilient seat, 
bronze stem and stem nut, mechanical joint ends, non-rising stem, in accordance with AWWA C509, 2-inch 
operating nut, minimum design working water pressure 200 psig, full port, fusion epoxy coated inside and 
outside in accordance with AWWA C550. 


2. Globe valves: 
a. Type V200 globe valve 3-inches and smaller:  All-bronze, union bonnet, packed gland, inside screw, rising 


stem, TFE disc, Class 150 rated 150 psi SWP/300 psi CWP, in accordance with MSS SP-80 Type 2. 
b. Type V208 needle disc type globe valve 1/8-inch to 3/4-inch:  All-bronze, threaded bonnet, packed gland, 


rising stem, bronze body and stem, Class 200 rated 200 psi SWP/400 psi CWP in accordance with MSS 
SP-80. 


c. Type V236 globe style hose valve one-inch to 3-inches:  All-bronze, NPT threaded ends, inside screw type 
rising stem, TFE disc, cast brass male NPT by male NHT adapter with hexagonal center wrench nut, brass 
cap with chain, in accordance with MSS SP-80, rated 300  WOG. 


d. Type V237 angle pattern hose valve one-inch to 2-inches:  All-bronze, NPT threaded ends, inside screw type 
rising stem, TFE disc, cast brass male NPT by male NHT adapter with hexagonal center wrench nut, in 
accordance with MSS SP-80, rated 300 WOG. 


3. Ball valves: 
a. Type V300 ball valve 3-inches and smaller for general water and air service: 


1) Two-piece, standard port, NPT threaded ends, bronze body and end piece, hard chrome-plated solid 
bronze or brass ball, RTFE seats and packing, blowout-proof stem, adjustable packing gland, zinc-coated 
steel hand lever operator with vinyl grip, rated 600 pound WOG, 150 pound SWP, in accordance with 
MSS SP-110. 


2) Valve construction shall be compatible with the electric actuator if an electric actuator is required. 
b. Type V301 ball valve 2-inches and smaller for general water and air service: 


1) Two-piece, full port, NPT threaded ends, bronze body and end piece, hard chrome-plated solid bronze or 
brass ball, RTFE seats and packing, blowout-proof stem, adjustable packing gland, zinc-coated steel 
hand lever operator with vinyl grip, rated 600 pound WOG, 150 pound SWP, in accordance with MSS 
SP-110. 


2) Valve construction shall be compatible with the electric actuator if an electric actuator is required.  As 
specified in the Electric Operator Schedule attached as a Supplement to this Section. 


c. Type V302 actuator ready ball valve 2-inches and smaller for general water and air service:  2-piece, standard 
port, NPT threaded ends, bronze body and end piece, actuator mounting pad, Type 316 stainless steel ball 
and stem, vented ball, reinforced PTFE seats and seals, adjustable packing nut, blowout-proof stem, rated 
600 pound WOG, 150 pound SWP, in accordance with MSS SP-110. 


d. Type V330 PVC ball valve 2-inches and smaller:  Rated 150 psi at 73°F, Type I, Grade 1 PVC body, ball, and 
stem, end entry, double union design, solvent-weld socket ends, elastomer seat, Viton or Teflon O-ring stem 
seals, to block flow in both directions in accordance with ASTM D 1784. 


4. Plug valves: 
a. Type V420 non-lubricated plug valve 2-inches and smaller: 


1) DI or carbon steel body, Type 316 stainless steel plug with straight-way rectangular ports, Teflon sleeves, 
screwed ends, wrench operator. 


2) Class:  150. 
3) Rating:  275 psi WOG. 


b. Type V464 corporation stop 1/2-inch to 2-inches:  Tapered threaded inlet, except when connecting to tapped 
fittings which require IPS tapered threads, outlet compression connection, or IPS threads to suit connecting 
pipe, stops one-inch and smaller rated 100 psi, larger stops rated 80 psi, in accordance with AWWA C800. 


c. Type V466 buried service natural gas plug valve 2-inches and smaller:  UL listed, iron body type, rated 
125 psi, screwed ends, drilled key head for permanent pinned operating rod. 


5. Butterfly valves: 
a. General: 


1) AWWA C504 valves shall be in accordance with AWWA C504 and the following requirements: 
a) Suitable for throttling operations and infrequent operation after periods of inactivity. 
b) Elastomer seats which are bonded or vulcanized to the body shall have adhesive integrity of bond 


between seat and body assured by testing, with minimum 75 pound pull in accordance with 
ASTM D 429, Method B. 


c) Bubble-tight with rated pressure applied from either side; test valves with pressure applied in both 
directions. 


d) No travel stops for disc on interior of body. 
e) Self-adjusting V-type or O-ring shaft seals. 
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f) Isolate metal-to-metal thrust bearing surfaces from flowstream. 
g) Provided traveling nut or worm gear actuator with handwheel; valve actuators shall be in accordance 


with AWWA C504. 
h) Provide linings and coatings in accordance with AWWA unless otherwise shown on the Drawings or 


specified herein. 
i) Valves shall be in accordance with NSF/ANSI 61; provide a NSF/ANSI 61 certificate for each valve. 


2) Non-AWWA butterfly valves shall meet the following actuator requirements:  For above ground 
installations, provide a handle and notch plate for valves 6-inches and smaller and heavy duty, 
totally-enclosed gearbox type operators with handwheel, position indicator and travel stops for valves 
8-inches and larger unless otherwise shown on the Drawings or specified herein. 


b. Type V500 butterfly valve water works service 3-inches to 12-inches: 
1) In accordance with AWWA C504, Class 150B. 
2) Short body type, flanged ends. 
3) CI body, cast or DI disc, Type 304 stainless steel shafts, EPDM rubber seat bonded or molded in body 


only, and stainless steel seating surface. 
4) Provide epoxy lining and coating in accordance with AWWA C550. 


c. Type V504 butterfly valve general service 4-inches to 12-inches: 
1) In accordance with AWWA C504, Class 150B. 
2) Mechanical joint end type. 
3) CI body, cast or DI disc, Type 304 stainless steel shafts,  EPDM  rubber seat bonded or molded in body 


only, and stainless steel seating surface. 
4) Provide epoxy coating in accordance with AWWA C550. 


d. Type V510 lug style butterfly valve resilient-seated, 2-inches to 20-inches for low pressure process air service:  
Lug style CI body, aluminum bronze discs, Type 316 stainless steel one-piece stem, self-lubricating sleeve 
type bushings, EPDM replaceable resilient seat suitable for operating temperatures up to 250°F, 150 psi 
working pressure rating, bubble-tight at 50 psi differential pressure, valve body to fit between ANSI 
Class 125/150 flanges. 


e. Type V520 solid PVC butterfly valve 1 1/2-inches to 14-inches:  Wafer body type, pressure rated 150 psi at 
70°F CWP, Type I, Grade 1, PVC body and contoured PVC or PP valve disc, stainless steel valve stem, Viton 
seat, lever operator in accordance with ASTM D 1784; shall be actuator ready as required where shown on 
the Drawings. 


f. Type V531 butterfly valve 2 1/2-inches to 8-inches for fire protection service:  UL listed, FMG approved, 
grooved style, valve with iron or bronze body, ductile or aluminum/bronze disc, stainless steel stem, geared 
operator with highly visible position indicator and wheel handle in accordance with ANSI/AWWA C606. 


6. Check and flap valves: 
a. Type V600 check valve 2-inches and smaller:  All-bronze, threaded cap, threaded or soldered ends, swing 


type replaceable bronze disc, rated 125 pound SWP, 200 pound WOG. 
b. Type V602 check valve 2-inches and smaller:  All-bronze, threaded cap, threaded ends, swing type 


replaceable Teflon disc and bronze disc holder, rated 150 pound SWP, 300 pound WOG. 
c. Type V608 swing check valve 2-inches to 24-inches: 


1) Flanged ends, 125 pounds, CI body, bronze body seat, bronze mounted CI clapper with bronze seat, 
stainless steel hinge shaft in accordance with AWWA C508. 


2) Valves, 2-inches  through 12-inches rated 175 pound WWP and 14-inches through 24-inches rated 150 
pound WWP; fitted with adjustable outside lever and spring; increasing-pattern body valve may be used 
where increased outlet piping size is shown on the Drawings. 


d. Type V610 swing check valve 2 1/2-inches to 12-inches for fire protection service:  UL listed, FMG approved, 
iron body, bronze-mounted, rated 175 pounds WOG, self-adjusting bronze disc, ends ASME B16.1 flanged, 
with a one-inch NPT tapped and plugged boss. 


e. Type V630 PVC ball check valve 4-inches and smaller:  In accordance with ASTM D 1784, Type I, Grade 1 
PVC body, dual union socket weld ends, rated 150 psi at 73°F, and Viton seat and seal. 


f. Type V642 reduced-pressure principle BFPA 3/4-inch to 10-inches:  2 resilient-seated check valves with an 
independent relief valve between the valves, 2 non-rising stem resilient-seated isolation valves, test cocks, in 
accordance with AWWA C511, rated 175 psi maximum working pressure, meets the requirements of USC 
Foundation For Cross-Connection Control and Hydraulic Research. 


g. Type V644 wet pipe alarm valve: 
1) Valve and trim: 


a) UL listed, FMG approved as a complete unit, rated 175 psi working pressure, 125 pound 
ASME B16.1 flanged inlet and outlet. 


b) Supplied with full trim for position as shown on the Drawings including, but not necessarily limited to, 
water pressure gauges with test valves, alarm test valve, mechanical sprinkler alarm bell connection 
with strainer, pressure switch for electric alarm signal, retarding chamber, alarm and retard chamber 
drains, and main drain. 


c) Provide with additional valves, piping, and fittings as required for a complete and fully functioning 
arrangement. 
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h. Type V645 wet pipe riser check valve: 
1) Valve and trim: 


a) UL listed, FMG approved as a complete unit, rated 175 psi working pressure, grooved end inlet and 
outlet or 125 pound ASME B16.1 flanged inlet and outlet. 


b) Supplied with full trim for position as shown on the Drawings including, but not necessarily limited to, 
water pressure gauges (with valves, nipples, and plugs), and main drain. 


7. Self-regulated automatic valves: 
a. Type V710 pressure-reducing valve 2 1/2-inches and smaller:  Direct diaphragm operated, spring controlled, 


bronze body. 
b. Type V711 pressure-reducing valve 2-inches and smaller:  Direct diaphragm, spring controlled, CI body, 


spring case, composition seat and diaphragm, stainless steel valve stem. 
c. Type V720 PVC pressure relief, bypass relief, back-pressure regulator, back-pressure, anti-siphon valve 


1/2-inch to 2-inches: 
1) Direct acting diaphragm, spring controlled, in-line pattern, NPT threaded inlet and outlet, 150 psi design 


pressure. 
2) PVC body, Teflon or Viton diaphragm, PVC or Teflon piston, high-density PE or stainless steel adjusting 


bolt and locknut, stainless steel or coated steel spring, stainless steel fasteners. 
3) Designed to open when upstream pressure reaches set point, set pressure adjustable from 10 psi to 


100 psi, minimum. 
d. Type V722 PVC pressure regulating valve, 1/2-inch to 1 1/2-inches: 


1) Diaphragm operated assembly, spring controlled, in-line pattern, NPT threaded inlet and outlet, 150 psi 
design pressure. 


2) PVC body, Viton seals and diaphragm, coated stainless steel spring, stainless steel adjusting bolt, 
locknut, and fasteners. 


3) Designed to regulate downstream pressure closing when pressure reaches set point, set pressure 
adjustable from 5 psi to 50 psi. 


e. Type V730 pressure-relief valve 2-inches and smaller: 
1) Direct diaphragm, spring controlled, CI body, spring case, nitrile seat neoprene diaphragm, stainless steel 


valve stem. 
2) Capable of opening when upstream pressure reaches a maximum set point. 


8. Miscellaneous valves: 
a. Type V901 diaphragm valves 1/2-inch to 12-inches:  Straight-through type, PP-lined CI body, ASME B16.1 


flanged ends, manual operator indicating, rising stem type with handwheel, diaphragm ethylene propylene, in 
accordance with MSS SP-88, Category B. 


b. Type V902 diaphragm valves 3-inches and smaller:  Weir type with solid PVC body and bonnet, with full-faced 
125 pound ANSI flanged ends; suitable for dry chlorine gas service; manual operator shall be indicating, rising 
stem type with handwheel; body shall be rated 150 psig at 100°F; diaphragm shall be Teflon, with an EPDM 
backing and a PVDF gas barrier separating the backing from the diaphragm. 


c. Type V903 diaphragm valves 1/2-inch to 4-inches:  Weir type with PVC Type 1, Grade 1 body, PTFE 
diaphragm, double union design, solvent weld socket ends, handwheel operator, position indicator, adjustable 
travel stop, clear molded acrylic stem cap. 


d. Type V905 pinch valve one-inch to 12-inches:  CI fully enclosed body, epoxy lined and coated, ASME B16.1 
Class 125 flanged ends, one-piece molded Buna-N elastomer tube, full-port design, 90 psi minimum working 
pressure, double-acting upper and lower pinch bars that close on centerline, stainless steel stem, handwheel 
operator, position indicator, geared operator for valves 6-inches and larger. 


e. Type V940 solenoid valve 1/4-inch to 2-inches: 
1) Two-way internal pilot operated diaphragm type, brass body, resilient seat suitable for air or water, 


solenoid coil molded epoxy, NEMA insulation Class F, 120 VAC, 60 Hz, unless otherwise shown on the 
Drawings.  Solenoid enclosure NEMA 250, Type 4 unless otherwise shown on the Drawings; size and 
normal position (OPEN or CLOSED when de-energized) as shown on the Drawings. 


2) Minimum operating pressure differential no greater than 5 psig, maximum operating pressure differential 
not less than 125 psig. 


C. Operators and Actuators: 
1. Manual operators: 


a. General: 
1) For AWWA valves, the operator force shall not exceed the requirements of the applicable valve standard.  


For non-AWWA valves, the operator force shall not exceed the applicable industry standard or 
80 pounds, whichever is less, under any operating condition, including initial breakaway.  Provide a gear 
reduction operator when force exceeds requirements. 


2) The operator shall be the self-locking type or equipped with a self-locking device. 
3) Position indicator on quarter-turn valves. 
4) Worm and gear operators shall be one-piece design worm-gears of gear bronze material.  Worm 


hardened alloy steel with thread ground and polished.  Traveling nut type operators threader steel reach 
rods with internally threaded bronze or DI nut. 


b. Exposed operator: 
1) Galvanized and painted handwheels. 
2) Cranks on gear type operators. 
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3) Chain wheel operator with tiebacks, extension stem, floor stands, and other accessories to permit 
operation from normal operation level. 


4) Valve handles shall take a padlock; wheels shall take a chain and padlock. 
c. Buried operator: 


1) Buried service operators on valves larger than 2 1/2-inches shall have a 2-inch AWWA operating nut.  
Buried operators on valves 2-inches and smaller shall have a cross handle for operation by forked key.  
Enclose moving parts of the valve and the operator in housing to prevent contact with the soil. 


2) Design buried service operators for quarter-turn valves to withstand 450 foot pounds of input torque at the 
FULLY OPEN or FULLY CLOSED positions, grease-packed and gasketed to withstand a submersion in 
water to 10 psi. 


3) Buried valves shall have extension stems, bonnets, and valve boxes. 
2. Electric motor actuators: 


a. General: 
1) In accordance with AWWA C540. 
2) Size to 1 1/2 times required operating torque; motor stall torque not to exceed torque capacity of valve. 
3) Controls integral with the actuator and fully equipped in accordance with AWWA C540. 
4) Stem protection for rising stem valves. 


b. Actuator operation – general: 
1) Suitable for full 90 degree rotation of quarter-turn valves or for use on multi-turn valves, as applicable. 
2) Manual override handwheel. 
3) Valve position indication. 
4) Operate from FULL CLOSED to FULL OPEN positions or the reverse in the number of seconds given in 


the Electric Motor Actuator Schedule. 
5) Valve to remain in last position upon loss of signal (fail last position) unless otherwise shown on the 


Drawings. 
c. Open-close or modulating service (1E): 


1) Size motors for unrestricted continuous duty. 
2) Feedback potentiometer and integral electronic positioner/ comparator circuit to maintain valve position. 
3) HAND-OFF-AUTO (Local-Off-Remote) Selector Switch: 


a) OPEN-STOP-CLOSE pushbutton to control valve in HAND position. 
b) 4 mA  to 20 mA DC input signal to control valve in AUTO position. 
c) Auxiliary contact which closes when the HAND-OFF-AUTO or LOCAL-OFF-REMOTE switch is in the 


AUTO or REMOTE position. 
4) OPEN and CLOSED indicating lights. 
5) Reversing motor starter with built-in overload protection. 
6) Actuator power supply: 


a) 120 V, single-phase unless otherwise shown on the Drawings. 
b) Externally operable power disconnect switch. 


7) Enclosure: 
a) As defined in NEMA 250, Type 4X. 
b) Contain 120 V space heaters. 


8) Limit switch: 
a) SPDT type, field adjustable cam-operated, with contacts rated for 5 amperes, 120 VAC. 
b) Each valve actuator shall have a minimum of 2 transfer contacts at end position, one for valve FULL 


OPEN and one for valve FULL CLOSED; limit switches shall be for customer use only. 
c) Housed in actuator control enclosure. 


9) Control features:  Furnish electric actuators with features noted in the Electric Operator Schedule on the 
Drawings. 


2.3 ACCESSORIES 
A. Tagging:  1 1/2-inch diameter heavy brass or stainless steel tag attached with No. 16 solid brass or stainless steel jack 


chain for each valve bearing the valve tag number. 
B. Limit Switch: 


1. Factory-installed NEMA 4X limit switch by the actuator Manufacturer. 
2. SPST, rated at 5 amperes, 120 VAC. 


C. T-Handled Operating Wrench: 
1. Galvanized operating wrenches, 4-feet long:  2 each. 
2. Galvanized operating keys for cross handled valves:  One each. 


D. Floor Stand: 
1. Non-rising, heavy pattern, indicating type. 
2. Complete with solid extension stem, coupling, handwheel, stem guide brackets, and yoke attachment; stem length 


as required to connect valve operating nut and floor stand. 
3. Stem guide:  Space such that stem L/R ratio does not exceed 200. 
4. Anchor bolts:  Type 304 stainless steel. 


E. Floor Box: 
1. Plain type, for support of non-rising type stem. 
2. Complete with solid extension stem, operating nut, and stem guide brackets; stem length as required to extend 


valve operating nut to within 3 inches of finish floor. 
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3. Stem guide:  Space such that stem L/R ratio does not exceed 200. 
4. Anchor bolts:  Type 304 stainless steel. 


F. Chain Wheel and Guide: 
1. Handwheel direct-mount type. 
2. Complete with chain. 
3. Galvanized or cadmium-plated. 


G. CI Valve Box:  Designed for traffic loads, sliding type, with minimum of 5 1/4-inch ID shaft: 
1. Box:  CI with minimum depth of 9 inches. 
2. Lid:  CI, minimum depth 3 inches, marked for intended service. 
3. Extensions:  CI, ABS, or PVC pipe. 
4. Two-piece box and lid for valves 4-inches through 12-inches, 3-piece box and lid for valves larger than 12-inches 


with base sized for valve. 
5. Valve extension stem for valves with operating nuts 3 feet or greater below finish grade. 


H. Concrete Valve Box:  Designed for traffic loads, sliding type, with minimum of 10-inch ID shaft: 
1. Box:  High density, reinforced concrete, minimum depth 12 inches, CI ring seat. 
2. Lid:  CI, minimum depth 3 inches, marked for intended service. 
3. Extensions:  ABS, PVC, or CI pipe. 


I. Indicator Post Assembly: 
1. Cast or DI post head, bell, and wrench with cast or DI or steel barrel. 
2. Plexiglas protected window to indicate OPEN and CLOSED position. 
3. Padlockable eye bolt for wrench. 
4. Adjustable bury depth; bury depth as required for valve installation. 
5. UL listed, FMG approved. 


2.4 FINISHES 
A. Factory Finishing: 


1. Epoxy lining and coating: 
a. Use where specified for individual valves described herein. 
b. In accordance with AWWA C550. 
c. Either 2-part liquid material or heat-activated (fusion) material except only heat-activated material if specified 


as fusion or fusion-bonded epoxy. 
d. MDFT 7 mil, except where limited by valve operating tolerances. 


2. Exposed valves: 
a. As specified in SECTION 09 90 00. 
b. Safety isolation valves and lockout valves with handles, handwheels, or chain wheels shall be safety yellow. 


PART 3 EXECUTION 
3.1 INSTALLATION 


A. Flange Ends: 
1. Flanged valve bolt holes shall straddle vertical centerline of pipe. 
2. Clean flanged faces, insert gasket and bolts, and tighten nuts progressively and uniformly. 


B. Screwed Ends: 
1. Clean threads by wire brushing or swabbing. 
2. Apply joint compound. 


C. Valve Installation and Orientation: 
1. General: 


a. Install valves so handles operate from fully open to fully closed without encountering obstructions. 
b. Install valves in a location that allows for easy access for routine operation and maintenance. 
c. Install valves in accordance with the Manufacturer’s recommendations. 


2. Gate, globe, and ball valves: 
a. Install the operating stem vertical when the valve is installed in horizontal runs of pipe having centerline 


elevations 4 feet 6 inches or less above the finished floor. 
b. Install the operating stem horizontal in horizontal runs of pipe having centerline elevations greater than 4 feet 


6 inches above the finished floor. 
3. Eccentric plug valves: 


a. Unless otherwise restricted or shown on the Drawings, install the valve as follows: 
1) Liquids with suspended solids service with horizontal flow:  Install the valve with the stem in horizontal 


position with the plug up when the valve is open; install the valve with the seat end upstream (flow to 
produce unseating pressure). 


2) Liquids with suspended solids service with vertical flow:  Install the valve with the seat in the highest 
portion of the valve (seat up). 


3) Clean liquids and gas service:  Install the valve with the seat end downstream of higher pressure when 
the valve is closed (higher pressure forces the plug into the seat). 


4. Butterfly valves: 
a. Unless otherwise restricted or shown on the Drawings, install the valve a minimum of 8 diameters downstream 


of an elbow or branch tee and with the shaft in horizontal position. 
b. For a vertical elbow or branch tee immediately upstream of the valve, install the valve with the shaft in the 


vertical position. 
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c. For a horizontal elbow or branch tee immediately upstream of the valve, install the valve with the shaft in the 
horizontal position. 


d. When installed immediately downstream of a swing check, install the valve with the shaft perpendicular to the 
swing check shaft. 


e. For free inlet or discharge into basins and tanks, install the valve with the shaft in vertical position. 
5. Check valves: 


a. Install the valve in horizontal or vertical flow (up) flow piping only for liquid services. 
b. Install the valve in vertical flow (up) piping only for gas services. 
c. Install the swing check valve with the shaft in horizontal position. 


D. Install a line size ball valve and union upstream of each solenoid valve, in-line flow switch, or other in-line electrical 
device, excluding magnetic flowmeters, for isolation during maintenance. 


E. Install safety isolation valves on compressed air. 
F. Locate the valve to provide accessibility for control and maintenance.  Install access doors in finished walls and plaster 


ceilings for valve access. 
G. Extension Stem for Operator:  Where the depth of the valve operating nut is 3 feet or greater below finish grade, furnish 


an operating extension stem with a 2-inch operating nut to bring the operating nut to a point within 6 inches of finish 
grade. 


H. Torque Tube:  Where the operator for the quarter-turn valve is located on a floor stand, furnish an extension stem 
torque tube of a type properly sized for the maximum torque capacity of the valve. 


I. Floor Box and Stem:  Steel extension stem length shall locate the operating nut in floor box. 
J. Chain Wheel and Guide:  Install chain wheel and guide assemblies or chain lever assemblies on manually operated 


valves over 6 feet 9 inches above the finished floor.  Install chain to within 3 feet of finished floor.  Where chains hang 
in normally traveled areas, use appropriate L-type, tie-back anchors.  Install chains to within operator horizontal reach 
of 2 feet 6 inches, maximum, measured from the normal operator standing location or station. 


3.2 QUALITY CONTROL 
A. Tests and Inspection: 


1. Valves may be tested while testing pipelines or as a separate step. 
2. Test that valves open and close smoothly under operating pressure conditions.  Test that 2-way valves open and 


close smoothly under operating pressure conditions from both directions. 
3. Inspect air and vacuum valves as pipe is being filled to verify the venting and seating is fully functional. 
4. Count and record the number of turns to open and close each valve; account for any discrepancies with the 


Manufacturer’s data. 
5. Set, verify, and record set pressures for relief and regulating valves. 
6. Automatic valves shall be tested in conjunction with control system testing.  Set opening and closing speeds and 


limit switches as required or recommended by the ENGINEER. 
7. Test hydrostatic relief valve seating; record leakage.  Adjust and retest to a maximum leakage of 0.1 gpm per foot 


of seat periphery. 
END OF SECTION 
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SECTION 40 42 13 
PROCESS PIPING INSULATION 


PART 1 GENERAL 
1.1 SUMMARY 


A. Section includes general information, products, and execution for process piping insulation. 
B. Related Sections: 


1. SECTION 09 90 00 – PAINTING AND COATING 
2. SECTION 40 27 00 – PROCESS PIPING – GENERAL  


1.2 REFERENCES 
A. American Society of Heating, Refrigerating, and Air Conditioning Engineers Inc. (ASHRAE): 


1. 90.1 – Energy Standard for Buildings Except Low-Rise Residential Buildings 
B. ASTM International (ASTM): 


1. B 209 – Standard Specification for Aluminum and Aluminum-Alloy Sheet and Plate 
2. C 177 – Standard Test Method for Steady-State Heat Flux Measurements and Thermal Transmission Properties 


by Means of the Guarded-Hot-Plate Apparatus 
3. C 518 – Standard Test Method for Steady-State Thermal Transmission Properties by Means of the Heat Flow 


Meter Apparatus 
4. C 534 – Standard Specification for Preformed Flexible Elastomeric Cellular Thermal Insulation in Sheet and 


Tubular Form 
5. E 84 – Standard Test Method for Surface Burning Characteristics of Building Materials 
6. E 96 – Standard Test Methods for Water Vapor Transmission of Materials 


1.3 SUBMITTALS 
A. Product Data:  The Manufacturer’s descriptive literature. 
B. Informational Submittals:  Maintenance information. 
C. Supplements listed in this Section. 


PART 2 PRODUCTS 
2.1 APPROVED MANUFACTURERS 


A. Pipe Insulation: 
1. Type 1: 


a. Armstrong, Armaflex AP 
b. Rubatex, Insul-Tube 180 or Insul-Sheet 1800 


2. Type 2: 
a. Manville, Micro-Lock 650 with AP-T Jacket 
b. Owens-Corning Fiberglass, ASJ/SSL-11 


3. Type 3: 
a. Pittsburgh Corning, FOAMGLAS 


B. Fitting Insulation 
1. Type 1: 


a. Armstrong, Armaflex AP 
b. Rubatex, Insul-Tube 180 or Insul-Sheet 1800 


2. Type 2: 
a. Ceel-Co 
b. Manville Zeston 
c. Proto 
d. Speedline 


3. Type 3: 
a. Pittsburgh Corning, FOAMGLAS  


C. Insulation Finish Systems: 
1. Type F1 – PVC: 


a. Johns Manville, Zeston 
b. Knauf, Proto 


2. Type F2 – paint: 
a. Armstrong, WB Armaflex finish 
b. Rubatex, 374, white finish 


3. Type F3 – aluminum: 
a. Childers 
b. Pabco 
c. RPR Products, Insul-Mate 


4. Type F4 – foam glass jacketing: 
a. Pittsburgh Corning, PITTWRAP 


2.2 MATERIALS 
A. Pipe Insulation: 


1. Type 1: 
a. Material:  Flexible elastomeric pipe insulation, closed-cell structure in accordance with ASTM C 534. 
b. Temperature rating:  -40°F to 180°F. 
c. Nominal density:  6 pcf. 
d. Conductivity in accordance with ASHRAE 90.1 and minimum of 0.27 Btu-in/hr/sf/°F at 75°F in accordance 


with ASTM C 177 or ASTM C 518. 
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e. Minimum water vapor transmission of 0.08 perm-inch in accordance with ASTM E 96, Procedure A. 
f. Joints:  The Manufacturer’s adhesive. 
g. Flame spread rating:  Less than 25 in accordance with ASTM E 84. 
h. Smoke developed index:  Less than 50 in accordance with ASTM E 84. 


2. Type 2: 
a. Material:  UL rated, preformed, sectional rigid fiberglass with factory-applied, kraft paper with aluminum foil 


vapor barrier jacket with pressure-sensitive, self-sealing lap. 
b. Temperature rating:  0°F to 850°F. 
c. Conductivity in accordance with ASHRAE 90.1 and minimum of 0.27 Btu-in/hr/sf/°F. 
d. Minimum water vapor transmission for jacket of 0.02 perm-inch in accordance with ASTM E 96. 
e. Joints:  Matching pressure-sensitive butt strips for sealing circumferential joints. 


3. Type 3: 
a. Material:  Cellular glass. 
b. Temperature rating:  -290°F to 900°F. 
c. Follow the Manufacturer’s recommendation based upon the temperature of the piping to be insulated. 


B. Fitting Insulation: 
1. Type 1: 


a. Material:  Flexible elastomeric pipe insulation, closed-cell structure in accordance with ASTM C 534. 
b. Temperature rating:  -40°F to 180°F. 
c. Nominal density:  6 pcf. 
d. Conductivity in accordance with ASHRAE 90.1 and minimum of 0.27 Btu-in/hr/sf/°F at 75°F in accordance 


with ASTM C 177 or ASTM C 518. 
e. Minimum water vapor transmission of 0.08 perm-inch in accordance with ASTM E 96, Procedure A. 
f. Joints:  The Manufacturer’s adhesive. 
g. Flame spread rating:  Less than 25 in accordance with ASTM E 84. 
h. Smoke developed index:  Less than 50 in accordance with ASTM E 84. 


2. Type 2:  Wired in-place premolded insulation or mitered segments, or soft fiberglass insulation inserts covered 
with premolded 20 mil minimum thickness PVC fitting covers. 


3. Type 3: 
a. Material:  Cellular glass. 
b. Temperature rating:  -290°F to 900°F. 
c. Follow the Manufacturer’s recommendation based upon the temperature of the piping to be insulated. 


C. Roof Drain and Overflow Drain Sump Insulation:  One-inch thick. 
D. Insulation at Pipe Hangers and Supports: 


1. Type 1: 
a. Copper and nonmetallic pipe, 2-inches and smaller:  Use insulation shields. 
b. Steel pipe, 1 1/2-inches and smaller:  Use insulation shields. 
c. Larger sizes:  Use insulation saddles or Type 3 rigid insulation insert, 10-inches long. 


2. Type 2:  UL rated, preformed rigid pipe insulation inserts of thickness equal to adjoining insulation, 10-inches in 
length, with factory-applied, vinyl-coated and embossed vapor barrier jacket with self-sealing lap. 


E. Insulation Finish Systems: 
1. Type F1 – PVC:  PVC jacketing, white, for straight run piping and fitting locations; temperatures to 159°F. 
2. Type F2 – paint:  Acrylic latex paint, white, and suitable for outdoor use. 
3. Type F3 – aluminum: 


a. Aluminum roll jacketing:  For straight run piping, wrought aluminum ASTM B 209 Alloy 3003, 5005, 1100, or 
3105 with H-14 temper, minimum 0.016-inch thickness, with smooth mill finish. 


b. Vapor barrier:  Provide factory-applied vapor barrier, consisting of 40 pound kraft paper with one mil thick low 
density PE film, heat and pressure bonded to the inner surface of the aluminum jacketing. 


c. Fitting covers:  Material as for aluminum roll jacketing, premolded, one-piece or 2-piece covers, which 
includes elbows, tee and valves, end caps, mechanical line couplings, specialty fittings, etc. 


4. Type F4 – foamglass jacketing:  Type 3 insulation buried and up to one foot above grade; jacket system to be the 
foamglass Manufacturer’s standard Pittwrap bituminous resin with woven, glass fabric, aluminum foil layer, and 
plastic film coating; heat-sealed at overlap. 


PART 3 EXECUTION 
3.1 APPLICATION 


A. General: 
1. Insulate valve bodies, flanges, and pipe couplings. 
2. Insulate and vapor seal hangers, supports, anchors, and other piping appurtenances secured directly to cold 


surfaces. 
3. Do not insulate flexible pipe couplings and expansion joints. 
4. Service and insulation thickness:  Refer to the table at end of this Section and to the Piping Schedule in 


SECTION 40 27 00. 
3.2 INSTALLATION 


A. General: 
1. Install in accordance with the Manufacturer’s instructions and as specified herein. 
2. Install insulation after the piping system has been pressure tested and the leaks corrected. 
3. Apply insulation over clean, dry surfaces. 
4. Do not allow insulation to cover nameplates or code inspection stamps. 
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5. Run insulation continuously through pipe hangers and supports, wall openings, ceiling openings, and pipe 
sleeves. 


6. Install removable insulation sections on devices that require access for maintenance of equipment or removal, 
such as unions and strainer end plates. 


7. Use insulating cements, lagging adhesives, and weatherproof mastics recommended by the insulation 
Manufacturer. 


B. Connection to Existing Piping:  Cut back existing insulation to remove the portion damaged by piping revisions; install 
new insulation. 


C. Cold Surfaces:  Provide a continuous vapor seal on insulation on cold surfaces where vapor barrier jackets are used. 
D. Placement: 


1. Slip insulation on pipe or tubing before assembly, when practicable, to avoid longitudinal seams. 
2. Insulate valves and fittings with sleeved or cut pieces of the same material. 
3. Seal and tape joints. 


E. Insulation at Hangers and Supports:  Install under piping, centered at each hanger or support. 
F. Heat-Traced Piping:  Apply insulation after heat-tracing work is completed and approved. 
G. Roof drains:  Insulate vertical drops from the roof drain to horizontal pipe, exposed and concealed horizontal piping, 


and 2 feet down on vertical risers from horizontal pipe. 
H. Roof and Overflow Drain Sumps:  Insulate underside. 
I. Vapor Barrier: 


1. Provide a continuous vapor barrier at joints between rigid insulation and pipe insulation. 
2. Install vapor barrier jackets with pipe hangers and supports outside the jacket. 
3. Do not use staples and screws to secure vapor sealed system components. 


J. Aluminum Jacket: 
1. Use a continuous friction type joint to hold the jacket in place, providing positive weatherproof seal over the entire 


length of the jacket. 
2. Secure circumferential joints with preformed snap straps containing weatherproof sealant. 
3. On exterior piping, apply coating over insulation and vapor barrier to prevent damage when aluminum fitting 


covers are installed. 
4. Do not use screws or rivets to fasten the fitting covers. 
5. Install removable pre-fabricated aluminum covers on exterior flanges and unions. 
6. Caulk and seal exterior joints to make watertight. 


K. Field Finishing: 
1. Apply a coating of insulating cement where needed to obtain a smooth and continuous appearance. 
2. Where pipe labels or banding are specified for a piping system, they shall be applied to the finished insulation and 


not to the pipe. 
3. Painting piping insulation exposed to view: 


a. Metal or PVC jacketing does not require painting. 
b. If an insulated piping system is specified to be painted in SECTION 40 27 00, the piping shall receive a prime 


coat as specified in SECTION 09 90 00.  Finished insulation, and not the piping, shall be painted as specified 
in SECTION 09 90 00. 


3.3 SUPPLEMENTS 
A. General Heat Tracing Table 


END OF SECTION 
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General Heat Tracing 


Service Type Pipe 
Legend 


Thickness 
(inches) 


Fluid Temp. 
(°F)* Insulation 


Finish Systems 


Concealed 
from View 


Indoors 
Exposed Outdoors Buried 


HT – Piping 
requiring 


heat-tracing 
CS 


Insulation 
Pipe Size Thickness          
(inches)a   (inches)b 


1/4 to 3/4 1/2 
1 to 3                 1 


3 1/2 to 10 1/2 
12 to 16 2 


18 to 24 2 1/2 


40 to 80 


Type 2 
Insulate and heat trace 


outside lines one foot above 
grade.  Use Type 3 insulation 
from one foot above grade to 


frost depth. 


None None F3 F4 on Type 
3 


HT – Piping 
requiring 


heat-tracing 
NA 


Insulation 
Pipe Size Thickness 
(inches)a   (inches)b 


1/4 to 3/4 1/2 
1 to 3   1 


3 1/2 to 10 1 1/2 
12 to 16 2 


18 to 24 2 1/2 


60 to 80 Type 2 None F3 None None 


*Use these fluid temperatures unless otherwise noted in the Piping Schedule. 
Inches: 
a.  Based upon insulation with glass fiber, outdoors with 20 mph wind with 10% safety, and no value assigned to cladding or air space at cladding inches 
b.  Minimum or as required by the Manufacturer to protect pipe and fluid type in the condition shown on the Drawings 
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SECTION 40 80 01 
PROCESS PIPING LEAKAGE TESTING 


PART 1 GENERAL 
1.1 SUMMARY 


A. Section includes general information and execution for process piping leakage testing. 
B. Related Sections: 


1. SECTION 40 27 00 – PROCESS PIPING – GENERAL 
1.2 REFERENCES 


A. Chlorine Institute, Inc. (CI): 
1. Pamphlet 6 – Piping Systems for Dry Chlorine 


1.3 SUBMITTALS 
A. Quality Control Submittals: 


1. Testing plan:  Submit prior to testing and, at a minimum, include: 
a. Testing dates. 
b. Piping systems and sections to be tested. 
c. Test type. 
d. Method of isolation. 
e. Calculation of maximum allowable leakage for piping section(s) to be tested. 


2. Certifications of calibration:  Testing equipment. 
3. Certified test report. 


PART 2 PRODUCTS (NOT USED) 
PART 3 EXECUTION 
3.1 PREPARATION 


A. Notify the ENGINEER in writing 5 days in advance of testing.  Perform testing in the presence of the ENGINEER. 
B. Pressure Piping: 


1. Install temporary thrust blocking or other restraint as necessary to protect adjacent piping or equipment and make 
taps in piping prior to testing. 


2. Wait 5 days, at a minimum, after concrete thrust blocking is installed to perform pressure tests.  If high-early 
strength cement is used for thrust blocking the wait time may be reduced to 2 days. 


3. Prior to testing, remove or suitably isolate appurtenant instruments or devices that could be damaged by pressure 
testing. 


4. Chlorine piping:  Test, dry, and clean in accordance with CI Pamphlet 6. 
5. New piping connected to existing piping: 


a. Isolate new piping with grooved end pipe caps, spectacle blinds, blind flanges, or as acceptable to the 
ENGINEER. 


b. Test the joint between new piping and existing piping by methods that do not place the entire existing system 
under test load, as approved by the ENGINEER. 


6. Items that do not require testing:  Piping between wetwells and wetwell isolation valves, tank overflows to 
atmospheric vented drains, and tank atmospheric vents. 


7. Test pressure:  As specified in SECTION 40 27 00. 
C. The test section may be filled with water and allowed to stand under low pressure prior to testing. 
D. Gravity Piping: 


1. Perform testing after service connections, manholes, and backfilling are complete between the stations to be 
tested. 


2. Determine the groundwater level at the time of testing by using exploratory holes or other acceptable methods to 
the ENGINEER. 


3. Pipe 42-inch diameter and larger:  A joint testing device may be used to isolate and test individual joints. 
3.2 QUALITY CONTROL 


A. Hydrostatic Test for Pressure Piping: 
1. Fluid:  Clean water of such quality to prevent the corrosion of materials in the piping system. 
2. Exposed piping: 


a. Perform testing on installed piping prior to the application of insulation. 
b. Maximum filling velocity:  0.25 foot per second, applied over full area of pipe. 
c. Vent piping during filling.  Open vents at high points of the piping system or loosen flanges, using at least 


4 bolts, or use equipment vents to purge air pockets. 
d. Maintain hydrostatic test pressure continuously for 60 minutes, at a minimum, and for such additional time as 


necessary to conduct examinations for leakage. 
e. Examine joints and connections for leakage. 
f. Correct visible leakage; retest until pipe passes. 
g. Empty pipe of water prior to final cleaning or disinfection. 


3. Buried piping: 
a. Test after backfilling is completed. 
b. Expel air from the piping system during filling. 
c. Apply and maintain the specified test pressure with a hydraulic force pump.  Valve off the piping system when 


the test pressure is reached. 
d. Maintain the hydrostatic test pressure continuously for 2 hours, at a minimum, re-opening the isolation valve 


only as necessary to restore the test pressure. 
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e. Determine actual leakage by measuring the quantity of water necessary to maintain the specified test 
pressure for the duration of the test. 


f. Maximum allowable leakage for joints with gaskets: 


200,133
)D(PS = L
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Where: 
L = Allowable leakage, in gallons per hour 
S = Length of pipe tested, in feet 
D = Nominal diameter of pipe, in inches 
P = Test pressure during leakage test, in pounds per square inch 


g. Correct leakage greater than allowable; retest until pipe passes. 
B. Pneumatic Test for Pressure Piping: 


1. Do not perform on: 
a. PVC or CPVC pipe. 
b. Piping larger than 18-inches. 
c. Buried and other non-exposed piping. 


2. Fluid:  Oil-free, dry air. 
3. Procedure: 


a. Apply a preliminary pneumatic test pressure of 25 psig, at a maximum, to the piping system prior to final leak 
testing to locate visible leaks.  Apply a soap bubble mixture to joints and connections; examine for leakage. 


b. Correct visible leaks and repeat the preliminary test until visible leaks are corrected. 
c. Gradually increase pressure in the system to half of the specified test pressure.  Thereafter, increase pressure 


in steps of approximately one-tenth of the specified test pressure until the required test pressure is reached. 
d. Maintain pneumatic test pressure continuously for 10 minutes, at a minimum, and for such additional time as 


necessary to conduct the soap bubble examination for leakage. 
e. Correct visible leakage; retest until pipe passes. 


4. Allowable leakage:  The piping system, exclusive of possible localized instances at the pump or the valve packing, 
shall show no visual evidence of leakage. 


5. After testing and final cleaning, purge with nitrogen those lines that will carry flammable gases to assure no 
explosive mixtures will be present in the system during the filling process. 


C. Hydrostatic Test for Gravity Piping: 
1. Testing equipment accuracy:  ±1/2 gallon water leakage under specified conditions. 
2. Maximum allowable leakage:  0.16 gallons per hour per inch diameter per 100 feet; include service connection 


footage in the test section, subjected to minimum head specified. 
3. Roof drain piping:  Test with 15 feet of water to include the highest horizontal vent in filled piping.  Where vertical 


drain and vent systems exceed 15 feet in height, test systems in 15 foot vertical sections as piping is installed. 
4. Exfiltration test: 


a. Hydrostatic head: 
1) At least 6 feet above the maximum estimated groundwater level in the section being tested. 
2) No less than 6 feet above the inside top of the highest section of pipe in the test section, including service 


connections. 
b. Length of pipe tested:  Limit length such that pressure on the invert of the lower end of the section does not 


exceed 30 feet of WC. 
5. Infiltration test: 


a. Groundwater level:  At least 6 feet above the inside top of the highest section of pipe in the test section, 
including service connections. 


6. Piping with a groundwater infiltration rate greater than allowable leakage rate for exfiltration will be considered 
defective even if the pipe previously passed a pressure test. 


7. Defective piping sections:  Replace or test and seal individual joints; retest until pipe passes. 
D. Vacuum Testing for Chlorine Gas Vacuum Piping: 


1. Isolate and test sections of the vacuum piping to test the vacuum as specified in SECTION 40 27 00. 
2. After vacuum is established in the pipe section and verified with a calibrated vacuum gauge, isolate the pipe 


section and continue to measure the vacuum in the pipe section over a 60 minute period.  The maximum allowable 
vacuum reduction in the pipe section after 60 minutes shall be 5% of the specified test vacuum (e.g., if the test 
vacuum is specified as 20 inch Hg, the vacuum reading at the end of the test shall be at least 19 inch Hg vacuum). 


3. Defective pipe sections shall be corrected and retested. 
E. QUALITY CONTROL 


1. Test report documentation shall include: 
a. Test date. 
b. Description and identification of piping tested. 
c. Test fluid. 
d. Test pressure. 
e. Remarks, including the type and location of leaks and the repair or replacement performed to remedy 


excessive leakage. 
f. The signature of the CONTRACTOR and the ENGINEER to attest the test was satisfactorily completed. 


END OF SECTION 





		40 27 00 - Process Piping - General

		PART 1 GENERAL

		1.1 summary

		A. Section includes general information, products, and execution for process piping – general.

		B. Related Sections:

		1. SECTION 01 60 00 – MATERIAL AND EQUIPMENT

		2. SECTION 03 30 00 – CAST-IN-PLACE CONCRETE

		3. SECTION 09 90 00 – PAINTING AND COATING

		4. SECTION 09 97 13 – TAPE COATINGS FOR THE EXTERIOR OF STEEL WATER PIPELINES

		5. SECTION 09 97 22 – HEAT-SHRINK COATINGS FOR THE EXTERIOR OF METALLIC PIPING SYSTEMS

		6. SECTION 26 42 16 – FLANGE ELECTRICAL ISOLATION AND JOINT CONTINUITY BONDING FOR CATHODICALLY PROTECTED METALLIC PIPING SYSTEMS AND BOLTED SLEEVE TYPE COUPLINGS

		7. SECTION 31 23 23 – FILL

		8. SECTION 33 11 01 – PIPING GENERAL

		9. SECTION 33 11 01.01 – STEEL PIPING

		10. SECTION 33 11 01.02 – DUCTILE IRON PIPING

		11. SECTION 40 27 01 – PROCESS PIPING SPECIALTIES

		12. SECTION 40 42 13 – PROCESS PIPING INSULATION

		13. SECTION 40 80 01 – PROCESS PIPING LEAKAGE TESTING





		1.2 REFERENCES

		A. American Association of State Highway and Transportation Officials (AASHTO):

		1. Standard Specifications for Highway Bridges



		B. American Society of Mechanical Engineers (ASME):

		1. A13.1 – Scheme for Identification of Piping Systems

		2. B1.20.1 – Pipe Threads, General Purpose (Inch)

		3. B16.1 – Gray Iron Pipe Flanges and Flanged Fittings

		4. B16.3 – Malleable Iron Threaded Fittings:  Classes 150 and 300

		5. B16.5 – Pipe Flanges and Flanged Fittings

		6. B16.9 – Factory-Made Wrought Buttwelding Fittings

		7. B16.11 – Forged Fittings, Socket-Welding and Threaded

		8. B16.21 – Nonmetallic Flat Gaskets for Pipe Flanges

		9. B16.22 – Wrought Copper and Copper Alloy Solder Joint Pressure Fittings

		10. B16.24 – Cast Copper Alloy Pipe Flanges and Flanged Fittings

		11. B31.3 – Process Piping

		12. B31.9 – Building Services Piping

		13. B36.10M – Welded and Seamless Wrought Steel Pipe



		C. American Water Works Association (AWWA):

		1. C104 – Cement-Mortar Lining for Ductile-Iron Pipe and Fittings for Water

		2. C205 – Cement-Mortar Protective Lining and Coating for Steel Water Pipe – 4 Inches (100 mm) and Larger –Shop Applied

		3. C207 – Steel Pipe Flanges for Waterworks Service, Sizes 4 In. through 144 In. (100 mm through 3,600 mm)

		4. C210 – Liquid-Epoxy Coating Systems for the Interior and Exterior of Steel Water Pipelines

		5. C213 – Fusion-Bonded Epoxy Coating for the Interior and Exterior of Steel Water Pipelines

		6. C220 – Stainless Steel Pipe, 4-inch and Larger

		7. C226 – Stainless Steel Fittings for Waterworks Service

		8. C606 – Standard for Grooved and Shouldered Joints



		D. American Water Works Association/American National Standards Institute (AWWA/ANSI):

		1. C105/A21.5 – Polyethylene Encasement for Ductile-Iron Pipe Systems



		E. ASTM International (ASTM):

		1. A 47 – Standard Specification for Ferritic Malleable Iron Castings

		2. A 53 – Standard Specification for Pipe, Steel, Black and Hot-Dipped, Zinc-Coated, Welded and Seamless

		3. A 105 – Standard Specification for Carbon Steel Forgings for Piping Applications

		4. A 106 – Standard Specification for Seamless Carbon Steel Pipe for High-Temperature Service

		5. A 153 – Standard Specification for Zinc Coating (Hot-Dip) on Iron and Steel Hardware

		6. A 182 – Standard Specification for Forged or Rolled Alloy and Stainless Steel Pipe Flanges, Forged Fittings, and Valves and Parts for High-Temperature Service

		7. A 183 – Standard Specification for Carbon Steel Track Bolts and Nuts

		8. A 193 – Standard Specification for Alloy-Steel and Stainless Steel Bolting for High Temperature or High Pressure Service and Other Special Purpose Applications

		9. A 194 – Standard Specification for Carbon and Alloy Steel Nuts for Bolts for High Pressure or High Temperature Service, or Both

		10. A 197 – Standard Specification for Cupola Malleable Iron

		11. A 216 – Standard Specification for Steel Castings, Carbon, Suitable for Fusion Welding, for High-Temperature Service

		12. A 234 – Standard Specification for Piping Fittings of Wrought Carbon Steel and Alloy Steel for Moderate and High Temperature Service

		13. A 240 – Standard Specification for Chromium and Chromium-Nickel Stainless Steel Plate, Sheet, and Strip for Pressure Vessels and for General Applications

		14. A 269 – Standard Specification for Seamless and Welded Austenitic Stainless Steel Tubing for General Service

		15. A 276 – Standard Specification for Stainless Steel Bars and Shapes

		16. A 307 – Standard Specification for Carbon Steel Bolts, Studs, and Threaded Rod 60,000 PSI Tensile Strength

		17. A 312 – Standard Specification for Seamless, Welded, and Heavily Cold Worked Austenitic Stainless Steel Pipes

		18. A 320 – Standard Specification for Alloy-Steel and Stainless Steel Bolting for Low-Temperature Service

		19. A 351 – Standard Specification for Castings, Austenitic, for Pressure-Containing Parts

		20. A 403 – Standard Specification for Wrought Austenitic Stainless Steel Piping Fittings

		21. A 536 – Standard Specification for Ductile Iron Castings

		22. A 563 – Standard Specification for Carbon and Alloy Steel Nuts

		23. A 774 – Standard Specification for As-Welded Wrought Austenitic Stainless Steel Fittings for General Corrosive Service at Low and Moderate Temperatures

		24. A 778 – Standard Specification for Welded, Unannealed Austenitic Stainless Steel Tubular Products

		25. B 32 – Standard Specification for Solder Metal

		26. B 75 – Standard Specification for Seamless Copper Tube

		27. B 88 – Standard Specification for Seamless Copper Water Tube

		28. D 638 – Standard Test Method for Tensile Properties of Plastics

		29. D 1330 – Standard Specification for Rubber Sheet Gaskets

		30. D 1784 – Standard Specification for Rigid Poly(Vinyl Chloride) (PVC) Compounds and Chlorinated Poly(Vinyl Chloride) (CPVC) Compounds

		31. D 1785 – Standard Specification for Poly(Vinyl Chloride) (PVC) Plastic Pipe, Schedules 40, 80, and 120

		32. D 2000 – Standard Classification System for Rubber Products in Automotive Applications

		33. D 2464 – Standard Specification for Threaded Poly(Vinyl Chloride) (PVC) Plastic Pipe Fittings, Schedule 80

		34. D 2466 – Standard Specification for Poly(Vinyl Chloride) (PVC) Plastic Pipe Fittings, Schedule 40

		35. D 2467 – Standard Specification for Poly(Vinyl Chloride) (PVC) Plastic Pipe Fittings, Schedule 80

		36. D 2513 – Standard Specification for Polyethylene (PE) Gas Pressure Pipe, Tubing, and Fittings

		37. D 2564 – Standard Specification for Solvent Cements for Poly(Vinyl Chloride) (PVC) Plastic Piping Systems

		38. D 2683 – Standard Specification for Socket-Type Polyethylene Fittings for Outside Diameter-Controlled Polyethylene Pipe and Tubing

		39. D 3261 – Standard Specification for Butt Heat Fusion Polyethylene (PE) Plastic Fittings for Polyethylene (PE) Plastic Pipe and Tubing

		40. D 4101 – Standard Specification for Polypropylene Injection and Extrusion Materials

		41. F 437 – Standard Specification for Threaded Chlorinated Poly(Vinyl Chloride) (CPVC) Plastic Pipe Fittings, Schedule 80

		42. F 439 – Standard Specification for Chlorinated Poly (Vinyl Chloride) (CPVC) Plastic Pipe Fittings, Schedule 80

		43. F 441 – Standard Specification for Chlorinated Poly(Vinyl Chloride) (CPVC) Plastic Pipe, Schedules 40 and 80

		44. F 493 – Standard Specification for Solvent Cements for Chlorinated Poly(Vinyl Chloride) (CPVC) Plastic Pipe and Fittings

		45. F 656 – Standard Specification for Primers for Use in Solvent Cement Joints of Poly(Vinyl Chloride) (PVC) Plastic Pipe and Fittings



		F. Chlorine Institute (CI):

		1. Pamphlet 6 – Piping Systems for Dry Chlorine



		G. Colorado Department of Transportation (CDOT):

		1. Standard Specifications for Road and Bridge Construction



		H. Denver Water (DW):

		1. Engineering Standards, Chapter 6 – Materials

		2. Engineering Standards, Chapter 8 – Pipe Installation

		3. Engineering Standards, MS-14 – Polyethylene Encasement Material

		4. Engineering Standards, MS-29 – Mechanical Joint Restraint



		I. Manufacturers Standardization Society (MSS):

		1. MSS SP 43 – Wrought Stainless Steel Butt-Welding Fittings



		J. NSF International/American National Standards Institute (NSF/ANSI):

		1. 61 – Drinking Water System Components – Health Effects



		K. National Fire Protection Association (NFPA):

		1. 13 – Standard for the Installation of Sprinkler Systems

		2. 24 – Standard for the Installation of Private Fire Service Mains and Their Appurtenances



		L. The Society for Protective Coatings (SSPC):

		1. SP 1 – Solvent Cleaning

		2. SP 3 – Power Tool Cleaning





		1.3 DEFINITIONS

		A. Submerged or Wetted:

		1. Zone below elevation of:

		a. Top face of walls and cover slabs.

		b. Liquid surface or within 10 feet above top of liquid surface.

		c. Top of wall or under cover.



		2. Buried piping:  Piping installed underground embedded in pipe zone or backfill material.

		3. Concrete embedded or encased piping:  Piping installed in concrete with or without reinforcing steel.

		4. Exposed piping:  Piping which is not buried, submerged, concrete embedded, or encased.

		5. Unrestrained joint:  Shop or field installed pipe joint which, due to its construction, will separate or move as if to separate under the forces imposed by the test pressure shown on the Piping Schedule or 25 psi, whichever is greater; shall includ...





		1.4 SUBMITTALS

		A. Product Data:  Pipe corrosion protection.

		B. Action Submittals:

		1. Shop-fabricated piping:

		a. Detailed pipe fabrication drawings showing straight sections, special fittings and bends, dimensions, coatings, and other pertinent information.

		b. Layout drawings showing the location of each pipe section and each special length; number or otherwise designate the laying sequence on each piece.



		2. Pipe wall thickness:  Identify wall thickness and rational method or standard applied to determine wall thickness for each size of each different service including exposed, submerged, buried, and concrete-encased installations for Contractor-design...

		3. Hydraulic thrust restraint for restrained joints:  Details including materials, sizes, assembly ratings, and pipe attachment methods in accordance with DW Engineering Standards Chapter 6.

		4. Thrust blocks:  Concrete quantity, bearing area on pipe, and fitting joint locations.

		5. Dissimilar buried pipe joints:  Joint types and assembly drawings.



		C. Informational Submittals:

		1. Manufacturer’s certification of compliance for pipe, fittings, and factory-applied resins and coatings.

		2. Nondestructive inspection and testing procedures.

		3. Test logs.

		4. Pipe coating applicator certification.



		D. Supplements listed in this Section.



		1.5 QUALITY ASSURANCE

		A. Design Requirements:

		1. Where pipe diameter, thickness, pressure class, pressure rating, or thrust restraint is not shown on the Drawings or specified, design the piping system in accordance with:

		a. Process piping:  ASME B31.3.

		b. Building service piping:  ASME B31.9, as applicable.





		B. Buried piping:  In accordance with AASHTO H-20.

		1. Thrust restraints:

		a. Design for the test pressure shown on the Piping Schedule.

		b. Allowable soil bearing pressure:  3,000 lbs/sf.

		c. Low pressure pipelines:

		1) When the bearing surface of the fitting against soil provides an area equal to or greater than the area required for thrust restraint, concrete thrust blocks are not required.

		2) Determine the bearing area for fittings without thrust blocks by projected area of 70% of internal diameter multiplied by chord length for fitting centerline curve.









		1.6 DELIVERY, STORAGE, AND HANDLING

		A. As specified in Section 01 60 00, and:

		1. Flanges:  Securely attach metal, hardboard, or wood protectors over entire flange surface.

		2. Threaded or socket welding ends:  Fit with metal, wood, or plastic plugs or caps.

		3. Linings and coatings:  Prevent excessive drying.

		4. Cold weather storage:  Locate products to prevent coating from freezing to the ground.

		5. Handling:  Use heavy canvas or nylon slings to lift pipe and fittings.







		PART 2 PRODUCTS

		2.1 approved manufacturers

		A. Joints:

		1. Mechanical joint anchor gland follower:

		a. EBAA Iron Inc., Megalug

		b. Ford Meter Box Co., Series 1400

		c. Romac Industries, Inc., RomaGrip



		2. Flexible mechanical compression joint coupling:

		a. Fernco Joint Sealer Co.

		b. Pipeline Products Corp.



		3. Flanged joints:

		a. Anvil International, Inc., Gruvlok

		b. Victaulic flange adapter





		B. Heat-Shrink Wrap:

		1. Covalence HSP



		C. Insulating Flanges, Couplings, and Unions:

		1. Dielectric flanges and unions:

		a. Central Plastics Co.

		b. Pipeline Seal and Insulator, Inc.



		2. Insulating couplings:

		a. Baker Coupling Company, Inc., Series 216

		b. Dresser, STAB-39





		D. Pipe Labels:

		1. Brady Signmark, B-915 Brady Snap-On and Strap-On Pipe Markers

		2. Seton Identification Products, Ultra-Mark Pipe Markers





		2.2 materials

		A. Piping:

		1. As specified on the Piping Schedule and on the Piping Data Sheet(s) located at the end of this Section.

		2. Diameters shown on the Drawings:

		a. Standardized products:  Nominal size.

		b. Fabricated steel piping, except cement-lined:  Outside diameter shall be in accordance with ASME B36.10M.

		c. Cement-lined steel pipe:  Lining inside diameter.





		B. Joints:

		1. Grooved end system:

		a. Rigid type.

		b. Use of flexible grooved joints will only be allowed where shown on the Drawings or with prior approval by the Engineer.

		c. Flanges:  Furnish with grooved type flange adapters of the same Manufacturer as grooved end couplings.



		2. Flanged joints:

		a. Flat-faced, carbon steel, serrated face in accordance with AWWA C207.

		b. Higher pressure rated flanges as required to mate with equipment when the equipment flange is of a higher pressure rating than required for piping.



		3. Threaded joints:  NPT taper pipe threads in accordance with ASME B1.20.1.

		4. Mechanical joint anchor gland follower:

		a. In accordance with DW Engineering Standard MS-29.

		b. DI anchor type, wedge action, with breakoff tightening bolts.

		c. Thrust rated to 250 psi minimum.

		d. Rated operating deflection no less than 2 1/2 degrees.

		e. UL and FMG approved.



		5. Flexible mechanical compression joint coupling:  Stainless steel, in accordance with ASTM A 276, Type 301 bands.



		C. Gasket Lubricant:  Shall be supplied by the pipe Manufacturer.

		D. Pipe Corrosion Protection:

		1. Coatings:  As specified in Section 09 90 00 for details of coating requirements.

		2. Heat-shrink wrap:  Type:  As specified in SECTION 09 97 22.

		3. PE encasement, bagging:  As specified in SECTION 33 11 01.02.

		4. Insulating flanges, couplings, and unions:

		a. Materials:

		1) Shall be in accordance with applicable piping material specified in the Pipe Data Sheet; complete assembly shall have ASME B31.9 rating equal to or higher than that of the joint and the pipeline.

		2) Galvanically compatible with the piping.

		3) Resistant for intended exposure, operating temperatures, and products in the pipeline.



		b. Union type, 2-inches and smaller:

		1) Screwed or solder-joint.

		2) O-ring sealed with molded and bonded insulation to body.



		c. Flange type, 2 1/2-inches and larger:  Flanged, complete with bolt insulators, dielectric gasket, bolts, and nuts.

		d. Flange insulating kits:  As specified in SECTION 26 42 16.





		E. Thrust Blocks:  Concrete, as specified in SECTION 03 30 00.

		F. Thrust Ties:

		1. Steel pipe:  Fabricated lugs and rods in accordance with the details shown on the Drawings.

		2. Buried ductile iron pipe and fittings:  In accordance with NFPA 24 and as specified in SECTION 33 11 01.02.  Tie-rod attachments relying on clamp friction with pipe barrel to restrain thrust are not acceptable.



		G. Vent and Drain Valves:

		1. Pipelines, 2-inch diameter and smaller:  1/2-inch vent, one-inch drain.

		2. Pipelines, 2 1/2-inch diameter and larger:  3/4-inch vent, one-inch drain.



		H. Buried Piping Identification Tape:  Buried pipelines shall be installed with underground identification tape with metallic bonding for locating with a non-ferrous detector.  Tape shall be 6-inches wide and shall have the following legend:

		1. BURIED POTABLE WATER LINE:  All potable water piping.

		2. BURIED SERVICE WATER LINE:  All service water piping.

		3. BURIED CHEMICAL LINE:  All chemical piping.

		4. BURIED PROCESS LINE:  All other piping.



		I. Tracer Wire:  In accordance with DW Engineering Standards Chapter 8.

		J. Pipe Identification:

		1. Pipe labels:

		a. Snap-on, reversible type with lettering and directional arrows, sized for the outside diameter of the pipe and the insulation.

		b. Provided with ties or straps for 6-inch and larger diameter pipes.

		c. Designed to firmly grip pipe so labels remain fixed in vertical pipe runs.

		d. Material:  Heavy duty vinyl or polyester, suitable for exterior use, resist damage or fading from washdown, sunlight, mildly corrosive atmosphere, dirt, grease, and abrasion.

		e. Color field and letter height:  In accordance with ASME A13.1.

		f. Message:  Piping system name as shown on the Piping Schedule.







		2.3 FABRICATION

		A. Mark each pipe length on the outside with the following:

		1. Size or diameter and class.

		2. Manufacturer’s identification and pipe serial number.

		3. Location number on laying drawing.

		4. Date of manufacture.



		B. Code markings according to approved Shop Drawings.

		C. Flanged pipe shall be fabricated in the shop, not in the field, and delivered to the Work site with flanges in place and properly faced.  Threaded flanges shall be individually fitted and machine tightened on matching threaded pipe by the Manufactu...



		2.4 FINISHES

		A. Factory prepare, prime, and finish coat as specified in the Pipe Data Sheets and the Piping Schedule.

		B. Galvanizing shall be hot-dip applied in accordance with ASTM A 153; electroplated zinc or cadmium plating is not acceptable.





		PART 3 EXECUTION

		3.1 preparaTION

		A. Verify the size, material, joint types, elevation, horizontal location, and pipe service of existing pipelines to be connected to new pipelines or new equipment.

		B. Inspect the size and location of structure penetrations to verify the adequacy of wall pipes, sleeves, and other openings.

		C. Welding Electrodes:  Verify proper grade and type, free of moisture and dampness, and undamaged coating.

		D. Additional requirements:  As specified in the Piping Schedule and Section 09 90 00.

		E. Notify the Engineer in writing at least 2 weeks prior to field fabrication of pipe or fittings.

		F. Inspect pipe and fittings before installation, clean ends thoroughly, and remove foreign matter and dirt from inside the pipe.

		G. Repair damaged coatings and linings using original coating and lining materials in accordance with the Manufacturer’s instructions.

		H. Field Finishing:

		1. Notify the Engineer in writing at least 3 days prior to the start of any surface preparation or coating application Work.

		2. As specified in Section 09 90 00, SECTION 33 11 01, SECTION 33 11 01.01, and SECTION 33 11 01.02.





		3.2 INSTALLATION

		A. General:

		1. Join pipe and fittings in accordance with the Manufacturer’s instructions unless otherwise shown on the Drawings or specified.

		2. Remove foreign objects prior to assembly and installation.

		3. Flanged joints:

		a. Install perpendicular to pipe centerline.

		b. Bolt holes:  Straddle vertical centerlines; aligned with connecting equipment flanges or as shown on the Drawings.

		c. Use torque-limiting wrenches to ensure uniform bearing and proper bolt tightness.

		d. Plastic flanges: Install an annular ring filler gasket at joints of the raised face flange.

		e. Raised face flanges:  Use a flat-face flange when joining with a flat-faced DI, CI, or steel flange.

		f. Verify compatibility of the mating flange to the adapter flange gasket prior to selecting grooved adapter flanging.

		g. Threaded flanged joints shall be shop-fabricated and delivered to the site with flanges in place and properly faced.



		4. Threaded and coupled joints:

		a. In accordance with ASME B1.20.1.

		b. Produce sufficient thread length to ensure full engagement when screwed home in fittings.

		c. Countersink pipe ends; ream and clean chips and burrs after threading.

		d. Make connections with not more than 3 threads exposed.

		e. Lubricate male threads only with thread lubricant or tape as specified on the Piping Data Sheets.



		5. Grooved end joints:

		a. Piping shall be grooved in accordance with the Manufacturer’s latest published instructions and shall be accurately cut with tools in accordance with the coupling Manufacturer’s standards and AWWA C606.

		b. Install grooved joint couplings and gaskets in accordance with the Manufacturer’s latest published installation instructions.



		6. Soldered joints:

		a. Use only the solder specified for the particular service.

		b. Cut pipe ends square and remove fins and burrs.

		c. After thoroughly cleaning the pipe and the fitting of oil and grease using solvent and emery cloth, apply noncorrosive flux to the male end only.

		d. Wipe excess solder from the exterior of the joint before it hardens.

		e. Before soldering, remove stems and washers from solder joint valves.



		7. Pipe connections at concrete structures:

		a. General:

		1) Design and install thrust protection.

		2) Install flexible couplings to facilitate piping installation in accordance with the approved Shop Drawings.



		b. Flexible joints at concrete backfill or encasement:  Install within 18 inches or one-half pipe diameter, whichever is less, from the termination of any concrete backfill or concrete encasement.

		c. Flexible joints at concrete structures:  Install 18 inches or less from the face of the structure; the joint may be flush with the face.



		8. PVC and CPVC piping:

		a. Provide a Schedule 80 threaded nipple where necessary to connect to the threaded valve or the fitting.

		b. Use a strap wrench for tightening threaded plastic joints.  Do not overtighten fittings.

		c. Do not thread Schedule 40 pipe.



		9. DI piping:

		a. Cutting pipe:  Cut pipe with milling type cutter, rolling pipe cutter, or abrasive saw cutter; do not flame cut.

		b. Dressing cut ends:

		1) General:  As required for the type of joint to be made.

		2) Rubber gasketed joints:  Remove sharp edges or projections.

		3) Push-on joints:  Bevel, as recommended by the pipe Manufacturer.

		4) Flexible couplings, flanged coupling adapters, and grooved end pipe couplings:  As recommended by the coupling or adapter Manufacturer.







		B. Exposed Piping:

		1. Piping runs:

		a. Parallel to building or column lines and perpendicular to floor, unless otherwise shown on the Drawings.

		b. Piping upstream and downstream of flow measuring devices shall provide straight lengths as required for accurate flow measurement.



		2. Group piping wherever practical at common elevations; install to conserve building space and not interfere with the use of space and other Work.

		3. Unions or flanges:  Provide at each piping connection to equipment or instrumentation on the equipment side of each block valve to facilitate installation and removal.

		4. Install piping so that no load or movement in excess of that stipulated by the equipment Manufacturer will be imposed upon the equipment connection; install to allow for contraction and expansion without stressing pipe, joints, or connected equipment.

		5. Piping clearance:

		a. Over walkway and stairs:  Minimum of 7 feet 6 inches measured from walking surface or stair tread to lowest extremity of piping system including flanges, valve bodies or mechanisms, insulation, or hanger and support systems.

		b. Between equipment or equipment piping and adjacent piping:  Minimum 3 feet measured from equipment extremity and extremity of piping system including flanges, valve bodies or mechanisms, insulation, or hanger and support systems.

		c. From adjacent Work:  Minimum one inch from the nearest extremity of the completed piping system including flanges, valve bodies or mechanisms, insulation, or hanger and support systems.

		d. Do not route piping in front of or interfering with access ways, ladders, stairs, platforms, walkways, openings, doors, or windows.

		e. Headroom in front of openings, doors, and windows shall not be less than the top of the opening.

		f. Do not install piping containing liquids or liquid vapors in transformer vaults or electrical equipment rooms.

		g. Do not route piping over, around, in front of, behind, or below electrical equipment including controls, panels, switches, terminals, boxes, or other similar electrical work.





		C. Buried Pipe:

		1. Joints:

		a. Dissimilar buried pipes:  Provide flexible mechanical compression joints for pressure pipe.



		2. Placement:

		a. Keep the trench dry until pipe laying and joining are completed.

		b. Pipe base and pipe zone:  As specified in Section 31 23 23.

		c. Exercise care when lowering pipe into the trench to prevent twisting or damage to pipe.

		d. Measure for grade at pipe invert not at the top of pipe.

		e. Excavate trench bottom and sides of ample dimensions to permit visual inspection and testing of the entire flange, valve, or connection.

		f. Prevent foreign material from entering pipe during placement.

		g. Close and block the open end of the last laid pipe section when placement operations are not in progress and at the close of the workday.

		h. Lay pipe up grade with bell ends pointing in the direction of laying.

		i. Deflect pipe at joints for pipelines laid on a curve using unsymmetrical closure of spigot into bell.  If joint deflection of standard pipe lengths will not accommodate horizontal or vertical curves in the alignment, provide:

		1) Shorter pipe lengths.

		2) Special mitered joints.

		3) Standard or special fabricated bends.



		j. After the joint is made, check pipe alignment and grade.

		k. Place sufficient pipe zone material to secure pipe from movement before the next joint is installed.

		l. Prevent uplift and floating of pipe prior to backfilling.



		3. PVC, CPVC, PP, or PE pipe placement:

		a. Lay pipe by snaking from one side of the trench to the other.

		b. Offset:  As recommended by the Manufacturer for maximum temperature variation between time of solvent welding and during operation.

		c. Do not lay pipe when the temperature is below 40 F, or above 90 F when exposed to direct sunlight.

		d. Shield the ends to be joined from direct sunlight prior to and during the laying operation.



		4. Tolerances:

		a. Deflection from horizontal line, except PVC, CPVC, or PE pipe:  Maximum 2 inches.

		b. Deflection from vertical grade:  Maximum 1/4 inch.

		c. Joint deflection:  Maximum of 75% of the Manufacturer’s recommendation.

		d. Horizontal position of pipe centerline on alignment around curves maximum variation of 1 3/4 feet from position shown on the Drawings.

		e. Pipe cover:  Minimum 5 feet.





		D. Concrete Encased:

		1. Provide reinforced concrete pipe encasement where shown on Drawings and where otherwise required.  Some piping may be required to be concrete encased for pipe strength requirements that are included in the Contract Documents.  Piping under and with...

		2. Where concrete encased piping crosses structure construction and expansion joints, provide flexible piping joints to coincide with structure joints to prevent excessive pipe stress and breakage.



		E. Pipe Corrosion Protection:

		1. DI pipe:

		a. Exposed:  As specified in Section 09 90 00 and as shown on the Piping Schedule.

		b. Buried:  Wrap with PE bagging as specified in SECTION 33 11 01.02.

		c. Submerged or embedded:  Field coat as specified in Section 09 90 00.



		2. Carbon steel pipe:

		a. Exposed:  As specified in SECTION 09 90 00.

		b. Submerged or embedded:  Shop coat as specified in SECTION 09 90 00.



		3. Copper pipe:

		a. Exposed:  As specified in Section 09 90 00.

		b. Joints shall be tape-wrapped or heat-shrink wrapped.  Joints shall be completed above grade or sufficient size hole excavated beneath the couplings to permit joint wrapping without contamination.



		4. PVC and CPVC pipe, exposed:  As specified in Section 09 90 00.

		5. PP and PE, exposed:  Shall not be painted.

		6. Piping accessories:

		a. Exposed:  Field paint black and galvanized steel, brass, copper, and bronze piping components as specified in Section 09 90 00 as applicable to base metal material.

		b. Buried:

		1) Ferrous metal and stainless steel components:  Coat with coal-tar epoxy.

		2) Bolts, nuts, and similar items:  Coat with bituminous paint.

		3) Flexible couplings, grooved couplings, and similar items:  Wrap with wax tape.

		4) Buried valves and similar elements on wrapped pipelines:  Coat with bituminous paint and wrap the entire valve in PE encasement in accordance with DW Engineering Standards Chapter 8, and DW Engineering Standard MS-14.





		7. PE encasement:  As specified in SECTION 33 11 01.02.

		8. Tape coating system:  As specified in Section 09 97 13.

		9. Heat-shrink wrap:  As specified in SECTION 09 97 22.

		10. Insulating flanges, couplings, and unions:

		a. Applications:

		1) Dissimilar metal piping connections.

		2) Cathodically protected piping penetration to buildings and watertight structures.

		3) Submerged to unsubmerged metallic piping connections.

		4) Where required for electrically insulated connection.



		b. Pipe installation:

		1) Insulating joints connecting immersed piping to non-immersed piping shall be installed above maximum water surface elevation.

		2) Submerged carbon steel, DI, or galvanized piping in reinforced concrete shall be isolated from the concrete reinforcement steel.

		3) Align and install insulating joints according to the Manufacturer’s recommendations to avoid damaging insulating materials.







		F. Thrust Restraint:

		1. Location for buried and exposed piping:  At joints in piping or as show on the Drawings.

		2. Mechanical joint valve restraint in proprietary restrained joint piping:  Install the pipe joint Manufacturer’s adapter gland follower and pipe end retainer or mechanical joint anchor gland follower.



		G. Slab, Floor, Wall, and Roof Penetrations:

		1. Application and installation:  As specified in Section 40 27 01.



		H. Branch Connections:

		1. Do not install branch connections smaller than 1/2-inch nominal pipe size, including instrument connections.

		2. When a line of lower pressure connects to a line of higher pressure, the requirements of the Piping Data Sheet for higher pressure rating prevails up to and including the first block valve in the line carrying the lower pressure.

		3. Threaded pipe tap connections:

		a. DI piping:  Connect only with a service saddle or at a tapping boss of a fitting, valve body, or equipment casting.

		b. Welded steel or alloy piping:  Connect only with welded threadolet or half-coupling as specified on the Piping Data Sheet.

		c. Limitations:  Threaded taps in pipe barrel are not acceptable.





		I. Vents and Drains:  At high and low points in piping that are required for a completed system.  Install vents on high points and drains on low points of pipelines at all low and high points.

		J. Insulation:  As specified in SECTION 40 42 13.

		K. Colors:

		1. Pipe identification painting:

		a. Color code non-submerged piping; paint fittings and valves the same color as pipe, except equipment isolation valves.

		b. Piping color coding:  As specified in SECTION 09 90 00.

		c. On exposed stainless steel piping, apply color 24-inches in length along pipe axis at connections to equipment, valves, or branch fittings, at wall boundaries, and at intervals along piping not greater than 9 feet on center.



		2. Colors:  As specified in SECTION 09 90 00.





		3.3 QUALITY CONTROL

		A. Pressure Leakage Testing:  As specified in Section 40 80 01 and the Piping Schedule.



		3.4 CLEANING

		A. General:

		1. Following assembly and testing and prior to disinfection and final acceptance, flush pipelines, except as specified in this Section, with water at 2.5 fps minimum flushing velocity until foreign matter is removed.

		2. Blow clean of loose debris plant process air, natural gas, dry chlorine gas or liquid, and instrument air lines with compressed air at 4,000 fpm; do not flush with water.

		3. Immediately after cleaning service piping, dry to -40 F with dry compressed instrument air or compressed commercial grade nitrogen.

		4. If it is impractical to flush large diameter pipe at 2.5 fps or blow at 4,000 fpm velocity, clean in-place from inside by brushing and sweeping, then flush or blow the line at lower velocity.

		5. Insert cone strainers in flushing connections to attached equipment and leave in-place until cleaning is complete.

		6. Remove accumulated debris through drains 2-inches and larger or by removing spools and valves from piping.



		B. Chlorine Pressure Piping:  Clean and dry in accordance with the requirements of the Chlorine Institute Pamphlet 6, and meet the following requirements:

		1. Cleaning:  Chlorine piping shall be cleaned using a solvent cleaner as specified in Chlorine Institute Pamphlet 6.  Detergent and water washing and steam cleaning shall not be used.

		2. Drying:  Chlorine piping shall be dried in accordance with the Chlorine Institute Pamphlet 6.  Drying shall continue until the measured dew point at 3 Engineer-approved locations is equal to or less than minus 40 F.  Provide equipment for measuring...



		C. Chlorine Gas Vacuum Piping:  Blow pipe clean of loose debris with instrument-grade clean and dry compressed air.  Ensure that pipe is open, not valved off, at the end of the section to be cleaned so that pipe does not become pressurized.  Do not pr...



		3.5 SUPPLEMENTS

		A. Supplement A – Piping Schedule

		B. Supplement B – Carbon Steel Pipe and Fittings – General Service

		C. Supplement C – Stainless Steel Pipe and Fittings – General Service

		D. Supplement D – PVC Pipe and Fittings

		E. Supplement E – CPVC Pipe and Fittings

		F. Supplement F – Copper and Copper Alloy Pipe, Tubing, and Fittings

		G. Supplement G – CML Carbon Steel Pipe and Fittings

		H. Supplement H – PE Pipe and Fittings

		I. Supplement I – Flexible Reinforced PVC Tubing

		J. Supplement J – PP Pipe, Tubing, and Fittings







		40 27 01 - Process Piping Specialties

		PART 1 GENERAL

		1.1 summary

		A. Section includes general information, products, and execution for process piping specialties.

		B. Related Sections:

		1. Section 01 43 33 – MANUFACTURERS’ SERVICES

		2. SECTION 01 78 23 – OPERATION AND MAINTENANCE DATA

		3. SECTION 09 90 00 – PAINTING AND COATING

		4. SECTION 40 05 15 – PIPING SUPPORT SYSTEMS

		5. SECTION 40 27 00 – PROCESS PIPING – GENERAL





		1.2 REFERENCES

		A. American Society of Mechanical Engineers (ASME):

		1. B16.1 – Gray Iron Pipe Flanges and Flanged Fittings

		2. B16.5 – Pipe Flanges and Flanged Fittings



		B. American Water Works Association (AWWA):

		1. C153 – Ductile-Iron Compact Fittings for Water Service

		2. C213 – Fusion-Bonded Epoxy Coating for the Interior and Exterior of Steel Water Pipelines

		3. C219 – Bolted, Sleeve-Type Couplings for Plain-End Pipe

		4. Manual M11 – Steel Pipe – A Guide for Design and Installation



		C. ASTM International (ASTM):

		1. A 153 – Standard Specification for Zinc Coating (Hot-Dip) on Iron and Steel Hardware

		2. A 240 – Standard Specification for Chromium and Chromium-Nickel Stainless Steel Plate, Sheet, and Strip for Pressure Vessels and for General Applications

		3. A 276 – Standard Specification for Stainless Steel Bars and Shapes



		D. Denver Water (DW):

		1. Engineering Standards, MS-23 – Brass and Bronze Goods



		E. NSF International/American National Standards Institute (NSF/ANSI):

		1. 61 – Drinking Water System Components – Health Effects

		2. 61, Annex G – Weighted Average Lead Evaluation Procedure to a 0.25% Lead Requirement

		3. 372 – Drinking water system components - Lead content





		1.3 SUBMITTALS

		A. Action Submittals:  Provide the Manufacturer’s data on materials, construction, end connections, ratings, overall lengths, and live lengths as applicable.

		B. Informational Submittals:

		1. Coupling harness:

		a. Details, ratings, calculations, and test reports for thrust restraints relying on welded bars or rings.

		b. Weld procedure qualifications.

		c. Load proof-testing report of prototype restraint for any size coupling.



		2. Basket strainer:

		a. The Manufacturer’s installation instructions.

		b. The Manufacturer’s certificate of proper installation as specified in Section 01 43 33.



		3. O&M data as specified in Section 01 78 23.







		PART 2 PRODUCTS

		2.1 approved manufacturers

		A. Connectors:

		1. Teflon bellows connector:

		a. Garlock, Style 214

		b. Proco Products, Inc., Series 442

		c. Resistoflex, No. R6904

		d. Unisource Manufacturing, Inc., Style 112



		2. Metal bellows connector:

		a. Hyspan Precision Products, Inc., Series 1500

		b. Pathway Bellows, Inc., Style CT



		3. Flexible metal hose connector:

		a. Anamet Industrial, Inc.

		b. Proco Products, Inc.

		c. Senior Flexonics

		d. Unisource Manufacturing, Inc.



		4. Quick-connect couplings for chemical services:

		a. OPW, Kamlock

		b. Ryan Herco, 1300 Series





		B. Couplings:

		1. Flexible sleeve type:

		a. Steel pipe:

		1) Dresser Piping Specialties, Style 38

		2) Smith-Blair, Inc., Style 411



		b. DI pipe:

		1) Dresser Piping Specialties, Style 253

		2) Smith-Blair, Inc., Style 411





		2. BBSTC:

		a. Victaulic Co., Depend-O-Lok couplings



		3. Transition coupling for steel pipe:

		a. Dresser Piping Specialties, Style 162

		b. Smith-Blair, Inc., Style 413



		4. Flanged coupling adapter:

		a. Steel pipe:

		1) Dresser Piping Specialties, Style 128

		2) Smith-Blair, Inc., Style 913



		b. DI pipe:

		1) Dresser Piping Specialties, Style 128

		2) Smith-Blair, Inc., Style 912





		5. Thrust restraint:

		a. EBAA Iron Sales Co., Mega-Flange



		6. Exposed metallic piping plain end couplings:

		a. Straub Couplings, Grip-L or Metal Grip





		C. Expansion Joints:

		1. Elastomer bellows:

		a. General Rubber Corp., Style 1015 Maxijoint

		b. Goodall Rubber Co., Specification E-711

		c. Mercer, Flexmore Style 450

		d. Proco Products, Inc., Series 251

		e. Unisource Manufacturing, Inc., Series 1500



		2. Teflon bellows:

		a. Garlock, Style 215

		b. Proco Products, Inc., Series 443 Resistoflex, No. R6905

		c. Unisource Manufacturing, Inc., Style 113



		3. Metal bellows:

		a. Hyspan Precision Products, Inc., Series 1500

		b. Pathway Bellows, Inc., Style CT



		4. Copper pipe expansion compensator:

		a. Hyspan, Model 8510

		b. Senior Flexonics, Model HB

		c. Unisource Manufacturing, Inc., Style EC-FFS



		5. Flexible metal hose:

		a. Anamet Industrial, Inc., BWC21-1

		b. Senior Flexonics, Series 401M





		D. Flexible Expansion Joints:

		1. EBAA Iron Sales Co., Flex-Tend



		E. Service Saddles:

		1. Dresser, Style 91

		2. Smith-Blair, Series 313 or 366



		F. Pipe Sleeves:

		1. Molded PE pipe sleeve:

		a. PSI-Thunderline/Link-Seal, Century-Line, Model CS



		2. Insulated and encased pipe sleeve:

		a. Pipe Shields, Inc.; Models WFB, WFB-CS, and -CW Series, as applicable



		3. Modular mechanical seal:

		a. Thunderline Corp., Link-Seal Division





		G. Slab, Floor, Wall, and Roof Penetrations:

		1. American Cast Iron Pipe Co.

		2. U.S. Pipe and Foundry Co.



		H. Miscellaneous Specialties:

		1. Strainers, water service, 2-inches and smaller:

		a. Armstrong International, Inc.; Model F

		b. Mueller Steam Specialty, Model 351M



		2. Strainers, water service, 2 1/2-inches and larger:

		a. Armstrong International, Inc., Model A7FL 125

		b. Mueller Steam Specialty, Model 751



		3. Strainers, plastic piping systems, 4-inches and smaller:

		a. Hayward



		4. Water hose:

		a. Boston

		b. Goodyear



		5. Hose nozzles:

		a. Croker

		b. Elkhart







		2.2 materials

		A. Provide required piping specialty items, whether or not shown on the Drawings, and as required by applicable codes and standard industry practice.

		B. Rubber ring joints, mechanical joints, flexible couplings, and proprietary restrained DI pipe joints are considered flexible joints; welded, screwed, and flanged pipe joints are not considered flexible joints.

		C. Brass and bronze valve components and accessories that have surfaces in contact with potable water shall be alloys containing less than 16% zinc and 2% aluminum and shall be certified in accordance with NSF/ANSI 61, NSF/ANSI 61, Annex G, and NSF/AN...

		D. Connectors:

		1. Teflon bellows connector:

		a. Type:  2 convolutions, unless otherwise shown on the Drawings, with metal reinforcing bands.

		b. Flanges:  DI, drilled Class 150 in accordance with ASME B16.5.

		c. Working pressure rating:  140 psi, minimum, at 120 F.

		d. Thrust restraint:  Limit bolts to restrain the force developed by the specified test pressure.



		2. Metal bellows connector:

		a. Type: Single-ply, annular corrugated metal bellows with limit rods.  Circumferential convolution welds are not permitted.

		b. Material:  Type 316 stainless steel.

		c. End connections:  150 pound carbon steel flanges in accordance with ASME B16.5.

		d. Minimum design working pressure:  150 psi at 750 F.

		e. Length:  Minimum of 4 convolutions and the minimum Manufacturer’s recommendation for vibration isolation.



		3. Flexible metal hose connector:

		a. Type:  Close pitch, annular corrugated with single braided jacket.

		b. Material:  Bronze.

		c. End connections:  Female copper solder joint.

		d. Minimum burst pressure:  500 psig at 70 F.

		e. Length:  The minimum Manufacturer’s recommendation for vibration isolation.



		4. Quick-connect couplings for chemical services:

		a. Type:  Twin cam arm actuated, male and female, locking, for chemical loading and transfer.

		b. Materials:  Glass-filled PP or PVDF with EPDM, Viton-A or Teflon gaskets as recommended for the service by the Manufacturer.

		c. End connections:  NPT threaded or flanged to match piping connections; hose shank for chemical installations.

		d. Plugs and caps:  Female dust cap for each male end; male dust plug for each female end.

		e. Pressure rating:  125 psi, minimum, at 70 F.





		E. Couplings:

		1. General:

		a. Coupling linings for use in potable water systems in accordance with NSF/ANSI 61.

		b. Couplings shall be rated for a working pressure no less than that shown on the Piping Schedule for the service and no less than 150 psi.

		c. Couplings shall be lined and coated with fusion-bonded epoxy in accordance with AWWA C213.

		d. Unless thrust restraint is provided by other means, couplings shall be harnessed in accordance with AWWA Manual M11 and restrained with a retainer bar or ring welded to pipe end or as shown on the Drawings.

		e. Sleeve type couplings in accordance with AWWA C219 and shall be hydraulically expanded beyond the minimum yield for accurate sizing and proofing of tensile strength.



		2. Restrained flange adapter:

		a. Pressure rating:

		1) Minimum working pressure rating:  150 psi.

		2) Safety factor:  No less than 2 times the working pressure; shall be supported by the Manufacturer’s proof testing.



		b. Thrust restraint:

		1) Provide hardened steel wedges that bear against and engage the outer pipe surface and allow articulation of the pipe joint after assembly while wedges remain in their original setting position on the pipe surface.

		2) Products employing set screws that bear directly on the pipe are not acceptable.





		3. Exposed metallic piping plain end couplings:

		a. Plain end pipe couplings shall be self-restrained against hydrostatic thrust forces equal to no less than 2 times the working pressure rating of the coupling.  Couplings shall accommodate 4 degrees of angular deflection at the time of installation ...

		b. Casing, bolts, and nuts shall be ASTM A 240, Type 304 or Type 316 stainless steel.  The sealing sleeve shall be EPDM or NBR elastomer as best suited for the fluid service.





		F. Expansion Joints:

		1. Elastomer bellows:

		a. Type:  Reinforced molded wide arch.

		b. End connections:  Flanged, Class 125 in accordance with ASME B16.1, with split galvanized steel retaining rings.

		c. Washers:  Over-retaining rings to help provide a leak-proof joint under the test pressure.

		d. Thrust protection:  Control rods to protect the bellows from over-extension.

		e. Bellows arch lining:  Buna-N, nitrile, or butyl.

		f. Rated temperature:  250 F.

		g. Rated deflection and pressure:

		1) Lateral deflection:  3/4 inch, minimum.

		2) Burst pressure:  4 times the working pressure.

		3) Compression deflection and minimum working pressure:





		2. Teflon bellows:

		a. Type:  3 convolutions with metal reinforcing bands.

		b. Flanges:  DI, drilled, Class 150 in accordance with ASME B16.5.

		c. Working pressure rating:  100 psi, minimum, at 120 F.

		d. Thrust restraint:  Limit bolts to restrain force developed by the specified test pressure.



		3. Metal bellows:

		a. Type:  Single-ply, annular corrugated metal bellows with limit rods; circumferential convolution welds are not permitted.

		b. Material:  ASTM A 240, Type 316 stainless steel.

		c. End connections:  Class 150 carbon steel flanges in accordance with ASME B 16.5.

		d. Minimum design working pressure:  150 psi at 750 F.

		e. Length:  Minimum of 4 convolutions and the minimum Manufacturer’s recommendation for vibration isolation.



		4. Copper pipe expansion compensator:

		a. Material:  Stainless steel bellows with female copper solder joint ends.

		b. Working pressure rating:  175 psi, minimum.

		c. Accessories:  Anti-torque device to protect bellows.



		5. Flexible metal hose:

		a. Type:  Close pitch, annular corrugated with single braided jacket.

		b. Material:  ASTM A 276 Type 321 stainless steel.

		c. End connections:

		1) For 3-inch and larger connections:  Shop fabricated flanged ends to match mating flanges.

		2) For 2 1/2-inch and smaller connections:  Screwed ends with one union end.



		d. Minimum burst pressure:  600 psi at 70 F for 12-inches and smaller.

		e. Length:  Provide hose live-length equal to the lengths shown on the Drawings.





		G. Flexible Expansion Joints:

		1. Design:

		a. Ball-and-socket type for earth settlement compensation.

		b. Joints shall be double ball assemblies rated for 15 degree minimum deflection and no less than 4 inches offset from the centerline of connecting piping.

		c. Assembly shall accommodate up to 4 inches of expansion in length.

		d. DI in accordance with AWWA C153.

		e. Rated for 350 psi.

		f. Components shall be lined and coated by the Manufacturer with fusion-bonded epoxy on all surfaces not bearing gaskets.

		g. End connections:  Flanged or mechanical joint as shown on the Drawings and as required by connecting pipe and fittings.

		h. The joint connecting to the mechanical joint shall be thrust restrained.

		i. Bonding:

		1) The Manufacturer shall factory install exothermic welded joint bonds for assembled expansion joint.

		2) Provide 24-inch bond wires for field bonds to adjacent metallic piping.

		3) Bond wires shall be #2 AWG with two 12-inch long THHN insulated #12 AWG wire pigtails.







		H. Service Saddles:  In accordance with DW Engineering Standard MS-23.

		I. Pipe Sleeves:

		1. Steel:

		a. Minimum thickness:  3/16-inch.

		b. Seep ring:

		1) Center steel flange for water stoppage on sleeves in exterior or water-bearing walls, 3/16-inch minimum thickness.

		2) Outside diameter:  Unless otherwise shown on the Drawings, 3 inches greater than the outside diameter of the pipe sleeve.

		3) Continuously fillet weld on each side all around.



		c. Factory finish:

		1) Galvanizing:

		a) Hot-dip applied in accordance with ASTM A 153.

		b) Electroplated zinc or cadmium plating is not acceptable.



		2) Shop lining and coating:  Factory prepare, prime, and finish coat as specified in Section 09 90 00.





		2. Molded PE:

		a. Molded HDPE with integral water stop ring no less than 3 inches larger than the sleeve.

		b. Provided with end caps for support during concrete placement.



		3. Modular mechanical seal:

		a. Type:  Interconnected synthetic rubber links shaped and sized to continuously fill the annular space between pipe and wall sleeve opening.

		b. Fabrication:

		1) Assemble interconnected rubber links with Type 18-8 stainless steel bolts and nuts in accordance with ASTM A 276.

		2) Pressure plates shall be reinforced nylon polymer.



		c. Size:  According to the Manufacturer’s instructions for the size of pipes shown on the Drawings to provide a watertight seal between pipe and wall sleeve opening, and to withstand a hydrostatic head of 40 feet of water.





		J. Slab, Floor, Wall, and Roof Penetrations:

		1. DI wall pipe:

		a. Diameter and ends:  Same as connecting DI pipe.

		b. Thickness:  Equal to or greater than the remainder of the pipe in line.

		c. Fittings:  As specified in the applicable Pipe Data Sheet.

		d. Thrust collars:

		1) Rated for thrust load developed at 250 psi.

		2) Safety factor:  2, at a minimum.

		3) Material and construction:  DI or CI, cast integral with wall pipe wherever possible, or thrust rated, welded attachment to wall pipe.





		2. Steel or stainless steel wall pipe:

		a. Same material and thickness as connecting pipe, except 1/4-inch minimum thickness.

		b. Lining:  Same as connecting pipe.

		c. Thrust collar:

		1) Outside diameter:  Unless otherwise shown on the Drawings, 3 inches greater than the outside diameter of the wall pipe.

		2) Continuously fillet welded on each side all around.







		K. Miscellaneous Specialties:

		1. Strainers, water service, 2-inches and smaller:

		a. Type:  Bronze body, Y-pattern, 200 psi non-shock rated, with screwed gasketed bronze cap.

		b. Screen:  Heavy-gauge Type 304 stainless steel or monel, 20-mesh.



		2. Strainers, water service, 2 1/2-inches and larger:

		a. Type:  CI or DI body, Y-pattern, 175 psi non-shock rated, with flanged gasketed iron cap.

		b. Screen:  Heavy-gauge Type 316 stainless steel, 0.045-inch perforations.



		3. Strainers, plastic piping systems, 4-inches and smaller:

		a. Type:  Y-pattern PVC body, 150 psi non-shock rated, with screwed PVC cap and Viton seals.

		b. End connections:  Screwed or solvent weld, 2-inches and smaller.  Class 150 ANSI flanges, 2 1/2-inches and larger.

		c. Screen:  Heavy-gauge PVC, 1/32-inch mesh, minimum 2:1 screen area to pipe size ratio.



		4. Water hose:

		a. Furnish 50 foot lengths of 1 1/2-inch rubber hose.  EPDM black cover and EPDM tube, reinforced with 2 textile braids.  Provide each length with brass male and female NST hose thread couplings to fit hose nozzle and hose valve.

		b. Rated minimum working pressure of 200 psi.



		5. Hose nozzles:  Furnish 1 1/2-inch cast brass, satin finish, nozzles with adjustable fog, straight-stream, and shut-off feature and rubber bumper.  Provide nozzles with female NST hose thread.

		6. Long sweep elbows:

		a. For 4-inch pipe, furnish long sweep elbows with a centerline radius of 48 inches and tangent length of 9 inches.

		b. Furnish with Schedule 40 pipe.









		PART 3 EXECUTION

		3.1 GENERAL

		A. Provide accessibility to piping specialties for control and maintenance.



		3.2 installation

		A. Piping Flexibility Provisions:

		1. General:

		a. Thrust restraint shall be provided as specified in Section 40 27 00.

		b. Install flexible couplings to facilitate piping installation in accordance with approved Shop Drawings.



		2. Flexible joints at concrete backfill or encasement:  Install within 18 inches or one-half pipe diameter, whichever is less, from the termination of any concrete backfill or concrete encasement.

		3. Flexible expansion joints shall be provided to compensate for earth settlement at buried piping connections to structure wall pipes.



		B. Piping Transition:

		1. Applications:

		a. Provide complete closure assembly where pipes meet other pipes or structures.

		b. Pressure pipeline closures:  Plain end pieces with double flexible couplings.

		c. Restrained joint pipe closures:  Install with thrust tie-rod assemblies as shown on the Drawings.

		d. Gravity pipe closures:  As specified for pressure pipelines or concrete closures.

		e. Concrete closures:  Use to make connections between dissimilar pipe where standard rubber gasketed joints or flexible couplings are impractical.

		f. Elastomer sleeves bonded to pipe ends are not acceptable.



		2. Installation:

		a. Flexible transition couplings:  Install in accordance with coupling Manufacturer’s instructions to connect dissimilar pipe and pipes with a small difference in outside diameter.

		b. Concrete closures:

		1) Locate away from structures so there are at least 2 flexible joints between the closure and pipe entering the structure.

		2) Clean pipe surface before placing closure collars.

		3) Wet nonmetallic pipe thoroughly prior to placing collars.

		4) Prevent concrete from entering pipe.

		5) Extend the collar a minimum of 12 inches on each side of joint with a minimum thickness of 6 inches around the outside diameter of pipe.

		6) Make entire collar in one placement.

		7) After concrete has reached initial set, cure by covering with well-moistened earth.







		C. Piping Expansion:

		1. Piping installation:  Allow for thermal expansion due to differences between installation and operating temperatures.

		2. Expansion joints:

		a. Grooved joint and flanged piping systems:  Elastomer bellows expansion joint.

		b. Nonmetallic pipe:  Teflon bellows expansion joint.

		c. Screwed and soldered piping systems:  Copper or galvanized and black steel pipe expansion compensator, as applicable.

		d. Air and water service above 120 F:  Metal bellows expansion joint.

		e. Pipe run offset:  Flexible metal hose.



		3. Anchors and anchor walls:  Install as specified in Section 40 05 15 to withstand expansion joint thrust loads and to direct and control thermal expansion.



		D. Service Saddles:

		1. Ferrous metal piping, except stainless steel:  Double-strap iron.

		2. Plastic piping:  Nylon-coated iron.



		E. Couplings:

		1. General:

		a. Install in accordance with Manufacturer’s instructions.

		b. Before coupling, clean pipe holdback area of oil, scale, rust, and dirt.

		c. Do not remove pipe coating.  If damaged, repair before the joint is made.

		d. Application:

		1) Metallic piping systems:  Flexible couplings, transition couplings, and flanged coupling adapters.

		2) Concrete encased couplings:  Flexible coupling.







		F. Flexible Pipe Connections to Equipment:

		1. Install to prevent piping from being supported by equipment, for vibration isolation, and where shown on the Drawings.

		2. Product applications:

		a. Nonmetallic piping:  Teflon bellows connector.

		b. Copper piping:  Flexible metal hose connector.

		c. Compressor and blower discharge:  Metal bellows connector.

		d. All other piping:  Elastomer bellows connector.



		3. Limit bolts and control rods:  Tighten snug prior to applying pressure to system.



		G. Pipe Sleeves:

		1. Application:

		a. As specified in SECTION 40 27 00.

		b. Above grade in non-submerged areas:  Hot-dip galvanized after fabrication.

		c. Below grade or in submerged or damp environments:  Shop-lined and coated.

		d. Alternatively, molded PE pipe sleeve as specified may be applied.



		2. Installation:

		a. Support non-insulating type securely in formwork to prevent contact with reinforcing steel and tie-wires.

		b. Caulk joint with specified sealant in non-submerged applications and seal below grade and submerged applications with wall penetration seal.





		H. Slab, Floor, Wall, and Roof Penetrations:

		1. Applications:

		a. Watertight and below ground penetrations:

		1) Wall pipes with thrust collars.

		2) Provide taps for stud bolts in flanges to be set flush with wall face.



		b. Non-watertight penetrations:  Pipe sleeves with seep ring.

		c. Existing walls:  Rotary drilled holes.

		d. Fire rated or smoke rated walls, floors or ceilings:  Insulated and encased pipe sleeves.



		2. Wall pipe installation:

		a. Isolate embedded metallic piping from concrete reinforcement using coated pipe penetrations as specified in Section 09 90 00.

		b. Support wall pipes securely by formwork to prevent contact with reinforcing steel and tie-wires.











		40 27 02 - Process Valves and Operators

		PART 1 GENERAL

		1.1 summary

		A. Section includes general information, products, and execution for process valves and operators.

		B. Related Sections:

		1. SECTION 01 44 33 – MANUFACTURERS’ SERVICES

		2. SECTION 01 78 23 – OPERATION AND MAINTENANCE DATA

		3. SECTION 09 90 00 – PAINTING AND COATING





		1.2 REFERENCES

		A. American Society of Mechanical Engineers (ASME):

		1. B16.1 – Gray Iron Pipe Flanges and Flanged Fittings



		B. American Water Works Association (AWWA):

		1. C504 – Rubber-Seated Butterfly Valves

		2. C508 – Swing-Check Valves for Waterworks Service, 2 in. (50 mm) through 24 in. (600 mm) NPS

		3. C509 – Resilient-Seated Gate Valves for Water Supply Service

		4. C511 – Reduced-Pressure Principle Backflow Prevention Assembly

		5. C540 – Power-Actuating Devices for Valves and Sluice Gates

		6. C550 – Protective Epoxy Interior Coatings for Valves and Hydrants

		7. C606 – Grooved and Shouldered Joints

		8. C800 – Underground Service Line Valves and Fittings



		C. ASTM International (ASTM):

		1. B 61 – Standard Specification for Steam or Valve Bronze Castings

		2. B 62 – Standard Specification for Composition Bronze or Ounce Metal Castings

		3. B 98 – Standard Specification for Copper-Silicon Alloy Rod, Bar, and Shapes

		4. B 127 – Standard Specification for Nickel-Copper Alloy (UNS N04400) Plate, Sheet, and Strip

		5. B 139 – Standard Specification for Phosphor Bronze Rod, Bar and Shapes

		6. B 164 – Standard Specification for Nickel-Copper Alloy Rod, Bar, and Wire

		7. B 194 – Standard Specification for Copper-Beryllium Alloy Plate, Sheet, Strip, and Rolled Bar

		8. B 584 – Standard Specification for Copper Alloy Sand Castings for General Applications

		9. D 429 – Standard Test Methods for Rubber Property-Adhesion to Rigid Substrates

		10. D 1784 – Standard Specification for Rigid Poly(Vinyl Chloride) (PVC) Compounds and Chlorinated Poly(Vinyl Chloride) (CPVC) Compounds



		D. Denver Water (DW):

		1. Engineering Standards, MS-12 – Cast Iron Valve Boxes



		E. Manufacturers Standardization Society (MSS):

		1. SP-80 – Bronze Gate, Globe, Angle and Check Valves

		2. SP-81 – Stainless Steel, Bonnetless, Flanged Knife Gate Valves

		3. SP-88 – Diaphragm Type Valves

		4. SP-110 – Ball Valves Threaded, Socket-Welding, Solder Joint, Grooved and Flared Ends



		F. NSF International/American National Standards Institute (NSF/ANSI):

		1. 61 – Drinking Water System Components – Health Effects

		2. 61, Annex G – Weighted Average Lead Evaluation Procedure to a 0.25% Lead Requirement

		3. 372 – Drinking water system components - Lead content





		1.3 SUBMITTALS

		A. Product Data:  Sheets for each make and model; indicate valve type number, applicable tag number, and facility name/number or service where used.

		B. Shop Drawings:

		1. Complete catalog information, descriptive literature, specifications, and identification of materials of construction.

		2. Power and control wiring diagrams, including terminals and numbers.

		3. For each power actuator provided, the Manufacturer’s standard data sheet with application specific features and options clearly identified.

		4. Sizing calculations for open-close/throttle and modulating valves.



		C. Certificates:

		1. Manufacturer’s certificate of compliance as specified in Section 01 44 33 for:

		a. Electric actuators:  In accordance with AWWA C540.

		b. Butterfly valves:  In accordance with AWWA C504.



		2. Manufacturer’s certificate of proper installation as specified in Section 01 44 33.



		D. Tests and inspection data.

		E. O&M data as specified in Section 01 78 23.





		PART 2 PRODUCTS

		2.1 approved manufacturers

		A. Gate Valves:

		1. Type V100 gate valve:

		a. Crane, Figure 438, NPT threaded ends

		b. Crane, Figure 1324, soldered ends

		c. Stockham, Figure B103, NPT threaded ends

		d. Stockham, Figure B104, soldered ends



		2. Type V108 gate valve:

		a. Crane, Figure 461

		b. Stockham, Figure G612



		3. Type V132 resilient-seated gate valve:

		a. American AVK

		b. American Flow

		c. Clow

		d. U.S. Pipe, A-USPO

		e. East Jordan Iron Works

		f. Kennedy

		g. Mueller Co.





		B. Globe Valves:

		1. Type V200 globe valve:

		a. Crane Co., Figure 7TF, NPT threaded end

		b. Stockham, Figure B-22T, NPT threaded end

		c. Stockham, B-24T, soldered end



		2. Type V208 needle disc type globe valve:

		a. Crane Cat., No. 88

		b. Stockham, B-64



		3. Type V236 globe style hose valve:

		a. Crane Co., Cat. No. 7TF

		b. Nibco, Figure T-235-Y

		c. Stockham, Figure B-22T



		4. Type V237 angle pattern hose valve:

		a. Crane Co., Cat. No. 17TF

		b. Nibco, Figure T-335-Y

		c. Stockham, Figure B-222T





		C. Ball Valves:

		1. Type V300 ball valve:

		a. Apollo, 70-100, threaded ends

		b. Apollo, 70-200, soldered ends

		c. Nibco, T-580-70, threaded ends

		d. Nibco, S-580-70, soldered ends



		2. Type V301 ball valve:

		a. Apollo, 77-100, threaded ends

		b. Apollo, 77-200, soldered ends

		c. Nibco, T-585-70, threaded ends

		d. Nibco, S-585-70, soldered ends



		3. Type V302 actuator ready ball valve:

		a. Apollo, 71-140

		b. Milwaukee, 20BSOR-02



		4. Type V330 PVC ball valve:

		a. Nibco, Chemtrol Tru-Bloc

		b. ASAHI/America, Duo-Bloc





		D. Plug Valves:

		1. Type V420 non-lubricated plug valve:

		a. Duriron Co., Figure No. G432

		b. Tufline, Figure 066



		2. Type V464 corporation stop:

		a. Ford Meter Box Co.

		b. Mueller Co.



		3. Type V466 buried service natural gas plug valve:

		a. DeZurik, Figure 425

		b. Mueller Co., (gas) curb stop H-11104





		E. Butterfly Valves:

		1. Type V500 butterfly valve:

		a. DeZurik, AWWA Valve

		b. M&H Valve Company

		c. Mueller Co.

		d. Pratt, Model 2FII or Triton XR-70

		e. Rodney Hunt

		f. Valmatic



		2. Type V504 butterfly valve:

		a. DeZurik, Buried AWWA Valve

		b. M&H Valve Company

		c. Pratt, Groundhog

		d. Valmatic



		3. Type V510 lug style butterfly valve:

		a. Bray Controls, Series 31

		b. Tyco/Keystone, Model AR2



		4. Type V520 solid PVC butterfly valve:

		a. ASAHI/America, Type 56



		5. Type V531 butterfly valve:

		a. Aleum

		b. Kennedy, Figure 01

		c. Milwaukee Valve Company, Series BB-SC





		F. Check and Flap Valves:

		1. Type V600 check valve:

		a. Milwaukee, Figure 509, threaded ends

		b. Milwaukee, Figure 1509, soldered ends

		c. Stockham, Figure B-319, threaded ends

		d. Stockham, Figure B-309, soldered ends



		2. Type V602 check valve:

		a. Walworth, Figure 3412

		b. Milwaukee, Figure 510



		3. Type V608 swing check valve:

		a. M&H Valve, Style 59, 159, or 259

		b. Mueller Co., No. A-2600 Series



		4. Type V610 swing check valve:

		a. Kennedy, Figure 126

		b. Mueller Co., A-2120-6



		5. Type V630 PVC ball check valve:

		a. ASAHI/America

		b. Nibco, Chemtrol Tru Union



		6. Type V642 reduced-pressure principle BFPA:

		a. Danfoss Flomatic, Model RPZE/RPZ

		b. FEBCO, Model 860

		c. Watts, Series 009/909



		7. Type V644 wet pipe alarm valve:

		a. Reliable Automatic Sprinkler Co., Inc., Model E Alarm Valve

		b. Tyco/Central



		8. Type V645 wet pipe riser check valve:

		a. Reliable Automatic Sprinkler Co., Inc., Model G

		b. Tyco/Central, Model 90

		c. Victaulic, Series 717R





		G. Self-Regulated Automatic Valves:

		1. Type V710 pressure-reducing valve:

		a. Fisher, Type 75A

		b. Watts, Series 223



		2. Type V711 pressure-reducing valve:

		a. Fisher, 95 Series



		3. Type V720 PVC pressure relief, bypass relief, back-pressure regulator, back-pressure, anti-siphon valve:

		a. Griffco, Series BPV

		b. Plast-O-Matic, Series RVDT

		c. Primary Fluid Systems, TOP Valve



		4. Type V722 PVC pressure regulating valve:

		a. Hayward, Pressure Regulator

		b. Plast-O-Matic, Series PR



		5. Type V730 pressure-relief valve:

		a. Fisher, 98 Series





		H. Miscellaneous Valves:

		1. Type V901 diaphragm valves:

		a. ITT Engineered Valves

		b. Saunders Valve, Inc.



		2. Type V902 diaphragm valves:

		a. ASAHI/America, Valve Type 14

		b. Spears



		3. Type V903 diaphragm valves:

		a. ASAHI/America, Diaphragm Valve Type 14

		b. ITT Engineered Valves, Dia-Flo

		c. Saunders Valve, Diaphragm Valve



		4. Type V905 pinch valve:

		a. Red Valve Co., Series 75

		b. RF Technologies, Inc., RF Valve



		5. Type V940 solenoid valve:

		a. ASCO

		b. Skinner





		I. Operators and Actuators:

		1. Electric motor actuators:

		a. Open-close or modulating service (1E):

		1) ASAHI/America, Series 94

		2) Bettis, Model EM

		3) EI-O-Matic, EL Series







		J. Accessories:

		1. T-handled operating wrench:

		a. Clow No., F-2520

		b. Mueller Co., No. A-24610



		2. Extension bonnet for valve operator complete with enclosed stem, extension, support brackets, and accessories for valve and operator:

		a. DeZurik

		b. Pratt



		3. Floor stand and extension stem:

		a. Clow, Figure F-5515

		b. Mueller Co., Figure A-26426



		4. Floor box and stem:

		a. Clow, No. F5690

		b. Neenah Foundry, R 7506



		5. Chain wheel and guide:

		a. Clow Corp., Figure F-5680

		b. DeZurik Corp., Series W or LWG

		c. Walworth Co., Figure 804



		6. CI valve box designed for traffic loads, adjustable screw type, with minimum of 5 1/4-inch ID shaft:

		a. In accordance with DW Engineering Standard MS-12



		7. Concrete valve box designed for traffic loads, sliding type, with minimum of 10-inch ID shaft:

		a. BES Concrete Products, G Series

		b. Christy Concrete Products, G Series



		8. Indicator post assembly:

		a. Clow, Style 2945

		b. Mueller Co., A-20806







		2.2 materials

		A. General:

		1. Valves shall include operator, actuator, handwheel, chain wheel, extension stem, floor stand, operating nut, chain, wrench, and accessories to allow a complete operation from the intended operating level.

		2. The valve shall be suitable for its intended service.  Renewable parts shall not be of a lower quality than specified.

		3. The valve shall be the same size as adjoining pipe unless otherwise called out on the Drawings or in the Supplements.

		4. Valve ends shall suit adjacent piping.

		5. Resilient-seated valves shall have no leakage (drop-tight) in either direction at the valve rated design pressure.  Other valves shall have no leakage (drop-tight) in either direction at the valve rated design pressure unless otherwise specified in...

		6. Size operators and actuators to operate valve for the full range of pressures and velocities.

		7. Buried valves shall open by turning clockwise.  Non-buried, in-plant service valves shall open by turning counter-clockwise.

		8. Factory-mount operator, actuator, and accessories.

		9. Brass and bronze valve components and accessories that have surfaces in contact with potable water shall be alloys containing less than 16% zinc and 2% aluminum and shall be certified in accordance with NSF/ANSI 61, NSF/ANSI 61, Annex G, and NSF/AN...

		a. Approved alloys:  ASTM B 61, ASTM B 62, ASTM B 98 (Alloy UNS No. C65100, C65500, or C66100), ASTM B 139 (Alloy UNS No. C51000), ASTM B 584 (Alloy UNS No. C90300 or C94700), ASTM B 164, ASTM B 194, and ASTM B 127.

		b. Stainless steel alloy 18-8 may be substituted for bronze.





		B. Gate Valves:

		1. General:

		a. AWWA gate valves shall be in accordance with AWWA and the following requirements:

		1) Provide a 2-inch wrench nut and handwheel for AWWA gate valves 12-inches and smaller.

		2) Provide a totally enclosed spur or bevel gear operator with indicator for AWWA gate valves 14-inches and larger.

		3) Provide an Affidavit of Compliance in accordance with the applicable AWWA standard for AWWA gate valves.

		4) Mark AWWA gate valves with the Manufacturer’s name or mark, year of casting, size, and working water pressure.

		5) Repaired AWWA gate valves shall not be submitted or supplied.



		b. Type V100 gate valve 3-inches and smaller:  All-bronze, screwed bonnet, packed gland, single solid wedge gate, non-rising stem, Class 125 rated 200 psi CWP, in accordance with MSS SP-80 Type 1.

		c. Type V108 gate valve 2-inches to 24-inches:  Iron body, bronze mounted, flanged ends, solid wedge gate, non-rising bronze stem, Class 125 rated 125 psi SWP, 200 psi CWP for 2-inch through 12-inch and 100 psi SWP, 150 psi CWP for 14-inch through 24-...

		d. Type V132 resilient-seated gate valve 3-inches to 12-inches for buried service:  Iron body, resilient seat, bronze stem and stem nut, mechanical joint ends, non-rising stem, in accordance with AWWA C509, 2-inch operating nut, minimum design working...



		2. Globe valves:

		a. Type V200 globe valve 3-inches and smaller:  All-bronze, union bonnet, packed gland, inside screw, rising stem, TFE disc, Class 150 rated 150 psi SWP/300 psi CWP, in accordance with MSS SP-80 Type 2.

		b. Type V208 needle disc type globe valve 1/8-inch to 3/4-inch:  All-bronze, threaded bonnet, packed gland, rising stem, bronze body and stem, Class 200 rated 200 psi SWP/400 psi CWP in accordance with MSS SP-80.

		c. Type V236 globe style hose valve one-inch to 3-inches:  All-bronze, NPT threaded ends, inside screw type rising stem, TFE disc, cast brass male NPT by male NHT adapter with hexagonal center wrench nut, brass cap with chain, in accordance with MSS S...

		d. Type V237 angle pattern hose valve one-inch to 2-inches:  All-bronze, NPT threaded ends, inside screw type rising stem, TFE disc, cast brass male NPT by male NHT adapter with hexagonal center wrench nut, in accordance with MSS SP-80, rated 300 WOG.



		3. Ball valves:

		a. Type V300 ball valve 3-inches and smaller for general water and air service:

		1) Two-piece, standard port, NPT threaded ends, bronze body and end piece, hard chrome-plated solid bronze or brass ball, RTFE seats and packing, blowout-proof stem, adjustable packing gland, zinc-coated steel hand lever operator with vinyl grip, rate...

		2) Valve construction shall be compatible with the electric actuator if an electric actuator is required.



		b. Type V301 ball valve 2-inches and smaller for general water and air service:

		1) Two-piece, full port, NPT threaded ends, bronze body and end piece, hard chrome-plated solid bronze or brass ball, RTFE seats and packing, blowout-proof stem, adjustable packing gland, zinc-coated steel hand lever operator with vinyl grip, rated 60...

		2) Valve construction shall be compatible with the electric actuator if an electric actuator is required.  As specified in the Electric Operator Schedule attached as a Supplement to this Section.



		c. Type V302 actuator ready ball valve 2-inches and smaller for general water and air service:  2-piece, standard port, NPT threaded ends, bronze body and end piece, actuator mounting pad, Type 316 stainless steel ball and stem, vented ball, reinforce...

		d. Type V330 PVC ball valve 2-inches and smaller:  Rated 150 psi at 73 F, Type I, Grade 1 PVC body, ball, and stem, end entry, double union design, solvent-weld socket ends, elastomer seat, Viton or Teflon O-ring stem seals, to block flow in both dire...



		4. Plug valves:

		a. Type V420 non-lubricated plug valve 2-inches and smaller:

		1) DI or carbon steel body, Type 316 stainless steel plug with straight-way rectangular ports, Teflon sleeves, screwed ends, wrench operator.

		2) Class:  150.

		3) Rating:  275 psi WOG.



		b. Type V464 corporation stop 1/2-inch to 2-inches:  Tapered threaded inlet, except when connecting to tapped fittings which require IPS tapered threads, outlet compression connection, or IPS threads to suit connecting pipe, stops one-inch and smaller...

		c. Type V466 buried service natural gas plug valve 2-inches and smaller:  UL listed, iron body type, rated 125 psi, screwed ends, drilled key head for permanent pinned operating rod.



		5. Butterfly valves:

		a. General:

		1) AWWA C504 valves shall be in accordance with AWWA C504 and the following requirements:

		a) Suitable for throttling operations and infrequent operation after periods of inactivity.

		b) Elastomer seats which are bonded or vulcanized to the body shall have adhesive integrity of bond between seat and body assured by testing, with minimum 75 pound pull in accordance with ASTM D 429, Method B.

		c) Bubble-tight with rated pressure applied from either side; test valves with pressure applied in both directions.

		d) No travel stops for disc on interior of body.

		e) Self-adjusting V-type or O-ring shaft seals.

		f) Isolate metal-to-metal thrust bearing surfaces from flowstream.

		g) Provided traveling nut or worm gear actuator with handwheel; valve actuators shall be in accordance with AWWA C504.

		h) Provide linings and coatings in accordance with AWWA unless otherwise shown on the Drawings or specified herein.

		i) Valves shall be in accordance with NSF/ANSI 61; provide a NSF/ANSI 61 certificate for each valve.



		2) Non-AWWA butterfly valves shall meet the following actuator requirements:  For above ground installations, provide a handle and notch plate for valves 6-inches and smaller and heavy duty, totally-enclosed gearbox type operators with handwheel, posi...



		b. Type V500 butterfly valve water works service 3-inches to 12-inches:

		1) In accordance with AWWA C504, Class 150B.

		2) Short body type, flanged ends.

		3) CI body, cast or DI disc, Type 304 stainless steel shafts, EPDM rubber seat bonded or molded in body only, and stainless steel seating surface.

		4) Provide epoxy lining and coating in accordance with AWWA C550.



		c. Type V504 butterfly valve general service 4-inches to 12-inches:

		1) In accordance with AWWA C504, Class 150B.

		2) Mechanical joint end type.

		3) CI body, cast or DI disc, Type 304 stainless steel shafts,  EPDM  rubber seat bonded or molded in body only, and stainless steel seating surface.

		4) Provide epoxy coating in accordance with AWWA C550.



		d. Type V510 lug style butterfly valve resilient-seated, 2-inches to 20-inches for low pressure process air service:  Lug style CI body, aluminum bronze discs, Type 316 stainless steel one-piece stem, self-lubricating sleeve type bushings, EPDM replac...

		e. Type V520 solid PVC butterfly valve 1 1/2-inches to 14-inches:  Wafer body type, pressure rated 150 psi at 70 F CWP, Type I, Grade 1, PVC body and contoured PVC or PP valve disc, stainless steel valve stem, Viton seat, lever operator in accordance ...

		f. Type V531 butterfly valve 2 1/2-inches to 8-inches for fire protection service:  UL listed, FMG approved, grooved style, valve with iron or bronze body, ductile or aluminum/bronze disc, stainless steel stem, geared operator with highly visible posi...



		6. Check and flap valves:

		a. Type V600 check valve 2-inches and smaller:  All-bronze, threaded cap, threaded or soldered ends, swing type replaceable bronze disc, rated 125 pound SWP, 200 pound WOG.

		b. Type V602 check valve 2-inches and smaller:  All-bronze, threaded cap, threaded ends, swing type replaceable Teflon disc and bronze disc holder, rated 150 pound SWP, 300 pound WOG.

		c. Type V608 swing check valve 2-inches to 24-inches:

		1) Flanged ends, 125 pounds, CI body, bronze body seat, bronze mounted CI clapper with bronze seat, stainless steel hinge shaft in accordance with AWWA C508.

		2) Valves, 2-inches  through 12-inches rated 175 pound WWP and 14-inches through 24-inches rated 150 pound WWP; fitted with adjustable outside lever and spring; increasing-pattern body valve may be used where increased outlet piping size is shown on t...



		d. Type V610 swing check valve 2 1/2-inches to 12-inches for fire protection service:  UL listed, FMG approved, iron body, bronze-mounted, rated 175 pounds WOG, self-adjusting bronze disc, ends ASME B16.1 flanged, with a one-inch NPT tapped and plugge...

		e. Type V630 PVC ball check valve 4-inches and smaller:  In accordance with ASTM D 1784, Type I, Grade 1 PVC body, dual union socket weld ends, rated 150 psi at 73 F, and Viton seat and seal.

		f. Type V642 reduced-pressure principle BFPA 3/4-inch to 10-inches:  2 resilient-seated check valves with an independent relief valve between the valves, 2 non-rising stem resilient-seated isolation valves, test cocks, in accordance with AWWA C511, ra...

		g. Type V644 wet pipe alarm valve:

		1) Valve and trim:

		a) UL listed, FMG approved as a complete unit, rated 175 psi working pressure, 125 pound ASME B16.1 flanged inlet and outlet.

		b) Supplied with full trim for position as shown on the Drawings including, but not necessarily limited to, water pressure gauges with test valves, alarm test valve, mechanical sprinkler alarm bell connection with strainer, pressure switch for electri...

		c) Provide with additional valves, piping, and fittings as required for a complete and fully functioning arrangement.





		h. Type V645 wet pipe riser check valve:

		1) Valve and trim:

		a) UL listed, FMG approved as a complete unit, rated 175 psi working pressure, grooved end inlet and outlet or 125 pound ASME B16.1 flanged inlet and outlet.

		b) Supplied with full trim for position as shown on the Drawings including, but not necessarily limited to, water pressure gauges (with valves, nipples, and plugs), and main drain.







		7. Self-regulated automatic valves:

		a. Type V710 pressure-reducing valve 2 1/2-inches and smaller:  Direct diaphragm operated, spring controlled, bronze body.

		b. Type V711 pressure-reducing valve 2-inches and smaller:  Direct diaphragm, spring controlled, CI body, spring case, composition seat and diaphragm, stainless steel valve stem.

		c. Type V720 PVC pressure relief, bypass relief, back-pressure regulator, back-pressure, anti-siphon valve 1/2-inch to 2-inches:

		1) Direct acting diaphragm, spring controlled, in-line pattern, NPT threaded inlet and outlet, 150 psi design pressure.

		2) PVC body, Teflon or Viton diaphragm, PVC or Teflon piston, high-density PE or stainless steel adjusting bolt and locknut, stainless steel or coated steel spring, stainless steel fasteners.

		3) Designed to open when upstream pressure reaches set point, set pressure adjustable from 10 psi to 100 psi, minimum.



		d. Type V722 PVC pressure regulating valve, 1/2-inch to 1 1/2-inches:

		1) Diaphragm operated assembly, spring controlled, in-line pattern, NPT threaded inlet and outlet, 150 psi design pressure.

		2) PVC body, Viton seals and diaphragm, coated stainless steel spring, stainless steel adjusting bolt, locknut, and fasteners.

		3) Designed to regulate downstream pressure closing when pressure reaches set point, set pressure adjustable from 5 psi to 50 psi.



		e. Type V730 pressure-relief valve 2-inches and smaller:

		1) Direct diaphragm, spring controlled, CI body, spring case, nitrile seat neoprene diaphragm, stainless steel valve stem.

		2) Capable of opening when upstream pressure reaches a maximum set point.





		8. Miscellaneous valves:

		a. Type V901 diaphragm valves 1/2-inch to 12-inches:  Straight-through type, PP-lined CI body, ASME B16.1 flanged ends, manual operator indicating, rising stem type with handwheel, diaphragm ethylene propylene, in accordance with MSS SP-88, Category B.

		b. Type V902 diaphragm valves 3-inches and smaller:  Weir type with solid PVC body and bonnet, with full-faced 125 pound ANSI flanged ends; suitable for dry chlorine gas service; manual operator shall be indicating, rising stem type with handwheel; bo...

		c. Type V903 diaphragm valves 1/2-inch to 4-inches:  Weir type with PVC Type 1, Grade 1 body, PTFE diaphragm, double union design, solvent weld socket ends, handwheel operator, position indicator, adjustable travel stop, clear molded acrylic stem cap.

		d. Type V905 pinch valve one-inch to 12-inches:  CI fully enclosed body, epoxy lined and coated, ASME B16.1 Class 125 flanged ends, one-piece molded Buna-N elastomer tube, full-port design, 90 psi minimum working pressure, double-acting upper and lowe...

		e. Type V940 solenoid valve 1/4-inch to 2-inches:

		1) Two-way internal pilot operated diaphragm type, brass body, resilient seat suitable for air or water, solenoid coil molded epoxy, NEMA insulation Class F, 120 VAC, 60 Hz, unless otherwise shown on the Drawings.  Solenoid enclosure NEMA 250, Type 4 ...

		2) Minimum operating pressure differential no greater than 5 psig, maximum operating pressure differential not less than 125 psig.







		C. Operators and Actuators:

		1. Manual operators:

		a. General:

		1) For AWWA valves, the operator force shall not exceed the requirements of the applicable valve standard.  For non-AWWA valves, the operator force shall not exceed the applicable industry standard or 80 pounds, whichever is less, under any operating ...

		2) The operator shall be the self-locking type or equipped with a self-locking device.

		3) Position indicator on quarter-turn valves.

		4) Worm and gear operators shall be one-piece design worm-gears of gear bronze material.  Worm hardened alloy steel with thread ground and polished.  Traveling nut type operators threader steel reach rods with internally threaded bronze or DI nut.



		b. Exposed operator:

		1) Galvanized and painted handwheels.

		2) Cranks on gear type operators.

		3) Chain wheel operator with tiebacks, extension stem, floor stands, and other accessories to permit operation from normal operation level.

		4) Valve handles shall take a padlock; wheels shall take a chain and padlock.



		c. Buried operator:

		1) Buried service operators on valves larger than 2 1/2-inches shall have a 2-inch AWWA operating nut.  Buried operators on valves 2-inches and smaller shall have a cross handle for operation by forked key.  Enclose moving parts of the valve and the o...

		2) Design buried service operators for quarter-turn valves to withstand 450 foot pounds of input torque at the FULLY OPEN or FULLY CLOSED positions, grease-packed and gasketed to withstand a submersion in water to 10 psi.

		3) Buried valves shall have extension stems, bonnets, and valve boxes.





		2. Electric motor actuators:

		a. General:

		1) In accordance with AWWA C540.

		2) Size to 1 1/2 times required operating torque; motor stall torque not to exceed torque capacity of valve.

		3) Controls integral with the actuator and fully equipped in accordance with AWWA C540.

		4) Stem protection for rising stem valves.



		b. Actuator operation – general:

		1) Suitable for full 90 degree rotation of quarter-turn valves or for use on multi-turn valves, as applicable.

		2) Manual override handwheel.

		3) Valve position indication.

		4) Operate from FULL CLOSED to FULL OPEN positions or the reverse in the number of seconds given in the Electric Motor Actuator Schedule.

		5) Valve to remain in last position upon loss of signal (fail last position) unless otherwise shown on the Drawings.



		c. Open-close or modulating service (1E):

		1) Size motors for unrestricted continuous duty.

		2) Feedback potentiometer and integral electronic positionercomparator circuit to maintain valve position.

		3) HAND-OFF-AUTO (Local-Off-Remote) Selector Switch:

		a) OPEN-STOP-CLOSE pushbutton to control valve in HAND position.

		b) 4 mA  to 20 mA DC input signal to control valve in AUTO position.

		c) Auxiliary contact which closes when the HAND-OFF-AUTO or LOCAL-OFF-REMOTE switch is in the AUTO or REMOTE position.



		4) OPEN and CLOSED indicating lights.

		5) Reversing motor starter with built-in overload protection.

		6) Actuator power supply:

		a) 120 V, single-phase unless otherwise shown on the Drawings.

		b) Externally operable power disconnect switch.



		7) Enclosure:

		a) As defined in NEMA 250, Type 4X.

		b) Contain 120 V space heaters.



		8) Limit switch:

		a) SPDT type, field adjustable cam-operated, with contacts rated for 5 amperes, 120 VAC.

		b) Each valve actuator shall have a minimum of 2 transfer contacts at end position, one for valve FULL OPEN and one for valve FULL CLOSED; limit switches shall be for customer use only.

		c) Housed in actuator control enclosure.



		9) Control features:  Furnish electric actuators with features noted in the Electric Operator Schedule on the Drawings.









		2.3 ACCESSORIES

		A. Tagging:  1 1/2-inch diameter heavy brass or stainless steel tag attached with No. 16 solid brass or stainless steel jack chain for each valve bearing the valve tag number.

		B. Limit Switch:

		1. Factory-installed NEMA 4X limit switch by the actuator Manufacturer.

		2. SPST, rated at 5 amperes, 120 VAC.



		C. T-Handled Operating Wrench:

		1. Galvanized operating wrenches, 4-feet long:  2 each.

		2. Galvanized operating keys for cross handled valves:  One each.



		D. Floor Stand:

		1. Non-rising, heavy pattern, indicating type.

		2. Complete with solid extension stem, coupling, handwheel, stem guide brackets, and yoke attachment; stem length as required to connect valve operating nut and floor stand.

		3. Stem guide:  Space such that stem L/R ratio does not exceed 200.

		4. Anchor bolts:  Type 304 stainless steel.



		E. Floor Box:

		1. Plain type, for support of non-rising type stem.

		2. Complete with solid extension stem, operating nut, and stem guide brackets; stem length as required to extend valve operating nut to within 3 inches of finish floor.

		3. Stem guide:  Space such that stem L/R ratio does not exceed 200.

		4. Anchor bolts:  Type 304 stainless steel.



		F. Chain Wheel and Guide:

		1. Handwheel direct-mount type.

		2. Complete with chain.

		3. Galvanized or cadmium-plated.



		G. CI Valve Box:  Designed for traffic loads, sliding type, with minimum of 5 1/4-inch ID shaft:

		1. Box:  CI with minimum depth of 9 inches.

		2. Lid:  CI, minimum depth 3 inches, marked for intended service.

		3. Extensions:  CI, ABS, or PVC pipe.

		4. Two-piece box and lid for valves 4-inches through 12-inches, 3-piece box and lid for valves larger than 12-inches with base sized for valve.

		5. Valve extension stem for valves with operating nuts 3 feet or greater below finish grade.



		H. Concrete Valve Box:  Designed for traffic loads, sliding type, with minimum of 10-inch ID shaft:

		1. Box:  High density, reinforced concrete, minimum depth 12 inches, CI ring seat.

		2. Lid:  CI, minimum depth 3 inches, marked for intended service.

		3. Extensions:  ABS, PVC, or CI pipe.



		I. Indicator Post Assembly:

		1. Cast or DI post head, bell, and wrench with cast or DI or steel barrel.

		2. Plexiglas protected window to indicate OPEN and CLOSED position.

		3. Padlockable eye bolt for wrench.

		4. Adjustable bury depth; bury depth as required for valve installation.

		5. UL listed, FMG approved.





		2.4 finishes

		A. Factory Finishing:

		1. Epoxy lining and coating:

		a. Use where specified for individual valves described herein.

		b. In accordance with AWWA C550.

		c. Either 2-part liquid material or heat-activated (fusion) material except only heat-activated material if specified as fusion or fusion-bonded epoxy.

		d. MDFT 7 mil, except where limited by valve operating tolerances.



		2. Exposed valves:

		a. As specified in Section 09 90 00.

		b. Safety isolation valves and lockout valves with handles, handwheels, or chain wheels shall be safety yellow.









		PART 3 EXECUTION

		3.1 INSTALLATION

		A. Flange Ends:

		1. Flanged valve bolt holes shall straddle vertical centerline of pipe.

		2. Clean flanged faces, insert gasket and bolts, and tighten nuts progressively and uniformly.



		B. Screwed Ends:

		1. Clean threads by wire brushing or swabbing.

		2. Apply joint compound.



		C. Valve Installation and Orientation:

		1. General:

		a. Install valves so handles operate from fully open to fully closed without encountering obstructions.

		b. Install valves in a location that allows for easy access for routine operation and maintenance.

		c. Install valves in accordance with the Manufacturer’s recommendations.



		2. Gate, globe, and ball valves:

		a. Install the operating stem vertical when the valve is installed in horizontal runs of pipe having centerline elevations 4 feet 6 inches or less above the finished floor.

		b. Install the operating stem horizontal in horizontal runs of pipe having centerline elevations greater than 4 feet 6 inches above the finished floor.



		3. Eccentric plug valves:

		a. Unless otherwise restricted or shown on the Drawings, install the valve as follows:

		1) Liquids with suspended solids service with horizontal flow:  Install the valve with the stem in horizontal position with the plug up when the valve is open; install the valve with the seat end upstream (flow to produce unseating pressure).

		2) Liquids with suspended solids service with vertical flow:  Install the valve with the seat in the highest portion of the valve (seat up).

		3) Clean liquids and gas service:  Install the valve with the seat end downstream of higher pressure when the valve is closed (higher pressure forces the plug into the seat).





		4. Butterfly valves:

		a. Unless otherwise restricted or shown on the Drawings, install the valve a minimum of 8 diameters downstream of an elbow or branch tee and with the shaft in horizontal position.

		b. For a vertical elbow or branch tee immediately upstream of the valve, install the valve with the shaft in the vertical position.

		c. For a horizontal elbow or branch tee immediately upstream of the valve, install the valve with the shaft in the horizontal position.

		d. When installed immediately downstream of a swing check, install the valve with the shaft perpendicular to the swing check shaft.

		e. For free inlet or discharge into basins and tanks, install the valve with the shaft in vertical position.



		5. Check valves:

		a. Install the valve in horizontal or vertical flow (up) flow piping only for liquid services.

		b. Install the valve in vertical flow (up) piping only for gas services.

		c. Install the swing check valve with the shaft in horizontal position.





		D. Install a line size ball valve and union upstream of each solenoid valve, in-line flow switch, or other in-line electrical device, excluding magnetic flowmeters, for isolation during maintenance.

		E. Install safety isolation valves on compressed air.

		F. Locate the valve to provide accessibility for control and maintenance.  Install access doors in finished walls and plaster ceilings for valve access.

		G. Extension Stem for Operator:  Where the depth of the valve operating nut is 3 feet or greater below finish grade, furnish an operating extension stem with a 2-inch operating nut to bring the operating nut to a point within 6 inches of finish grade.

		H. Torque Tube:  Where the operator for the quarter-turn valve is located on a floor stand, furnish an extension stem torque tube of a type properly sized for the maximum torque capacity of the valve.

		I. Floor Box and Stem:  Steel extension stem length shall locate the operating nut in floor box.

		J. Chain Wheel and Guide:  Install chain wheel and guide assemblies or chain lever assemblies on manually operated valves over 6 feet 9 inches above the finished floor.  Install chain to within 3 feet of finished floor.  Where chains hang in normally ...



		3.2 quality control

		A. Tests and Inspection:

		1. Valves may be tested while testing pipelines or as a separate step.

		2. Test that valves open and close smoothly under operating pressure conditions.  Test that 2-way valves open and close smoothly under operating pressure conditions from both directions.

		3. Inspect air and vacuum valves as pipe is being filled to verify the venting and seating is fully functional.

		4. Count and record the number of turns to open and close each valve; account for any discrepancies with the Manufacturer’s data.

		5. Set, verify, and record set pressures for relief and regulating valves.

		6. Automatic valves shall be tested in conjunction with control system testing.  Set opening and closing speeds and limit switches as required or recommended by the Engineer.

		7. Test hydrostatic relief valve seating; record leakage.  Adjust and retest to a maximum leakage of 0.1 gpm per foot of seat periphery.









		40 42 13 - Process Piping Insulation

		PART 1 GENERAL

		1.1 summary

		A. Section includes general information, products, and execution for process piping insulation.

		B. Related Sections:

		1. SECTION 09 90 00 – PAINTING AND COATING

		2. SECTION 40 27 00 – PROCESS PIPING – GENERAL





		1.2 REFERENCES

		A. American Society of Heating, Refrigerating, and Air Conditioning Engineers Inc. (ASHRAE):

		1. 90.1 – Energy Standard for Buildings Except Low-Rise Residential Buildings



		B. ASTM International (ASTM):

		1. B 209 – Standard Specification for Aluminum and Aluminum-Alloy Sheet and Plate

		2. C 177 – Standard Test Method for Steady-State Heat Flux Measurements and Thermal Transmission Properties by Means of the Guarded-Hot-Plate Apparatus

		3. C 518 – Standard Test Method for Steady-State Thermal Transmission Properties by Means of the Heat Flow Meter Apparatus

		4. C 534 – Standard Specification for Preformed Flexible Elastomeric Cellular Thermal Insulation in Sheet and Tubular Form

		5. E 84 – Standard Test Method for Surface Burning Characteristics of Building Materials

		6. E 96 – Standard Test Methods for Water Vapor Transmission of Materials





		1.3 SUBMITTALS

		A. Product Data:  The Manufacturer’s descriptive literature.

		B. Informational Submittals:  Maintenance information.

		C. Supplements listed in this Section.





		PART 2 PRODUCTS

		2.1 approved manufacturers

		A. Pipe Insulation:

		1. Type 1:

		a. Armstrong, Armaflex AP

		b. Rubatex, Insul-Tube 180 or Insul-Sheet 1800



		2. Type 2:

		a. Manville, Micro-Lock 650 with AP-T Jacket

		b. Owens-Corning Fiberglass, ASJ/SSL-11



		3. Type 3:

		a. Pittsburgh Corning, FOAMGLAS





		B. Fitting Insulation

		1. Type 1:

		a. Armstrong, Armaflex AP

		b. Rubatex, Insul-Tube 180 or Insul-Sheet 1800



		2. Type 2:

		a. Ceel-Co

		b. Manville Zeston

		c. Proto

		d. Speedline



		3. Type 3:

		a. Pittsburgh Corning, FOAMGLAS





		C. Insulation Finish Systems:

		1. Type F1 – PVC:

		a. Johns Manville, Zeston

		b. Knauf, Proto



		2. Type F2 – paint:

		a. Armstrong, WB Armaflex finish

		b. Rubatex, 374, white finish



		3. Type F3 – aluminum:

		a. Childers

		b. Pabco

		c. RPR Products, Insul-Mate



		4. Type F4 – foam glass jacketing:

		a. Pittsburgh Corning, PITTWRAP







		2.2 materials

		A. Pipe Insulation:

		1. Type 1:

		a. Material:  Flexible elastomeric pipe insulation, closed-cell structure in accordance with ASTM C 534.

		b. Temperature rating:  -40 F to 180 F.

		c. Nominal density:  6 pcf.

		d. Conductivity in accordance with ASHRAE 90.1 and minimum of 0.27 Btu-in/hr/sf/ F at 75 F in accordance with ASTM C 177 or ASTM C 518.

		e. Minimum water vapor transmission of 0.08 perm-inch in accordance with ASTM E 96, Procedure A.

		f. Joints:  The Manufacturer’s adhesive.

		g. Flame spread rating:  Less than 25 in accordance with ASTM E 84.

		h. Smoke developed index:  Less than 50 in accordance with ASTM E 84.



		2. Type 2:

		a. Material:  UL rated, preformed, sectional rigid fiberglass with factory-applied, kraft paper with aluminum foil vapor barrier jacket with pressure-sensitive, self-sealing lap.

		b. Temperature rating:  0 F to 850 F.

		c. Conductivity in accordance with ASHRAE 90.1 and minimum of 0.27 Btu-in/hr/sf/ F.

		d. Minimum water vapor transmission for jacket of 0.02 perm-inch in accordance with ASTM E 96.

		e. Joints:  Matching pressure-sensitive butt strips for sealing circumferential joints.



		3. Type 3:

		a. Material:  Cellular glass.

		b. Temperature rating:  -290 F to 900 F.

		c. Follow the Manufacturer’s recommendation based upon the temperature of the piping to be insulated.





		B. Fitting Insulation:

		1. Type 1:

		a. Material:  Flexible elastomeric pipe insulation, closed-cell structure in accordance with ASTM C 534.

		b. Temperature rating:  -40 F to 180 F.

		c. Nominal density:  6 pcf.

		d. Conductivity in accordance with ASHRAE 90.1 and minimum of 0.27 Btu-in/hr/sf/ F at 75 F in accordance with ASTM C 177 or ASTM C 518.

		e. Minimum water vapor transmission of 0.08 perm-inch in accordance with ASTM E 96, Procedure A.

		f. Joints:  The Manufacturer’s adhesive.

		g. Flame spread rating:  Less than 25 in accordance with ASTM E 84.

		h. Smoke developed index:  Less than 50 in accordance with ASTM E 84.



		2. Type 2:  Wired in-place premolded insulation or mitered segments, or soft fiberglass insulation inserts covered with premolded 20 mil minimum thickness PVC fitting covers.

		3. Type 3:

		a. Material:  Cellular glass.

		b. Temperature rating:  -290 F to 900 F.

		c. Follow the Manufacturer’s recommendation based upon the temperature of the piping to be insulated.





		C. Roof Drain and Overflow Drain Sump Insulation:  One-inch thick.

		D. Insulation at Pipe Hangers and Supports:

		1. Type 1:

		a. Copper and nonmetallic pipe, 2-inches and smaller:  Use insulation shields.

		b. Steel pipe, 1 1/2-inches and smaller:  Use insulation shields.

		c. Larger sizes:  Use insulation saddles or Type 3 rigid insulation insert, 10-inches long.



		2. Type 2:  UL rated, preformed rigid pipe insulation inserts of thickness equal to adjoining insulation, 10-inches in length, with factory-applied, vinyl-coated and embossed vapor barrier jacket with self-sealing lap.



		E. Insulation Finish Systems:

		1. Type F1 – PVC:  PVC jacketing, white, for straight run piping and fitting locations; temperatures to 159 F.

		2. Type F2 – paint:  Acrylic latex paint, white, and suitable for outdoor use.

		3. Type F3 – aluminum:

		a. Aluminum roll jacketing:  For straight run piping, wrought aluminum ASTM B 209 Alloy 3003, 5005, 1100, or 3105 with H-14 temper, minimum 0.016-inch thickness, with smooth mill finish.

		b. Vapor barrier:  Provide factory-applied vapor barrier, consisting of 40 pound kraft paper with one mil thick low density PE film, heat and pressure bonded to the inner surface of the aluminum jacketing.

		c. Fitting covers:  Material as for aluminum roll jacketing, premolded, one-piece or 2-piece covers, which includes elbows, tee and valves, end caps, mechanical line couplings, specialty fittings, etc.



		4. Type F4 – foamglass jacketing:  Type 3 insulation buried and up to one foot above grade; jacket system to be the foamglass Manufacturer’s standard Pittwrap bituminous resin with woven, glass fabric, aluminum foil layer, and plastic film coating; he...







		PART 3 EXECUTION

		3.1 APPLICATION

		A. General:

		1. Insulate valve bodies, flanges, and pipe couplings.

		2. Insulate and vapor seal hangers, supports, anchors, and other piping appurtenances secured directly to cold surfaces.

		3. Do not insulate flexible pipe couplings and expansion joints.

		4. Service and insulation thickness:  Refer to the table at end of this Section and to the Piping Schedule in Section 40 27 00.





		3.2 INSTALLATION

		A. General:

		1. Install in accordance with the Manufacturer’s instructions and as specified herein.

		2. Install insulation after the piping system has been pressure tested and the leaks corrected.

		3. Apply insulation over clean, dry surfaces.

		4. Do not allow insulation to cover nameplates or code inspection stamps.

		5. Run insulation continuously through pipe hangers and supports, wall openings, ceiling openings, and pipe sleeves.

		6. Install removable insulation sections on devices that require access for maintenance of equipment or removal, such as unions and strainer end plates.

		7. Use insulating cements, lagging adhesives, and weatherproof mastics recommended by the insulation Manufacturer.



		B. Connection to Existing Piping:  Cut back existing insulation to remove the portion damaged by piping revisions; install new insulation.

		C. Cold Surfaces:  Provide a continuous vapor seal on insulation on cold surfaces where vapor barrier jackets are used.

		D. Placement:

		1. Slip insulation on pipe or tubing before assembly, when practicable, to avoid longitudinal seams.

		2. Insulate valves and fittings with sleeved or cut pieces of the same material.

		3. Seal and tape joints.



		E. Insulation at Hangers and Supports:  Install under piping, centered at each hanger or support.

		F. Heat-Traced Piping:  Apply insulation after heat-tracing work is completed and approved.

		G. Roof drains:  Insulate vertical drops from the roof drain to horizontal pipe, exposed and concealed horizontal piping, and 2 feet down on vertical risers from horizontal pipe.

		H. Roof and Overflow Drain Sumps:  Insulate underside.

		I. Vapor Barrier:

		1. Provide a continuous vapor barrier at joints between rigid insulation and pipe insulation.

		2. Install vapor barrier jackets with pipe hangers and supports outside the jacket.

		3. Do not use staples and screws to secure vapor sealed system components.



		J. Aluminum Jacket:

		1. Use a continuous friction type joint to hold the jacket in place, providing positive weatherproof seal over the entire length of the jacket.

		2. Secure circumferential joints with preformed snap straps containing weatherproof sealant.

		3. On exterior piping, apply coating over insulation and vapor barrier to prevent damage when aluminum fitting covers are installed.

		4. Do not use screws or rivets to fasten the fitting covers.

		5. Install removable pre-fabricated aluminum covers on exterior flanges and unions.

		6. Caulk and seal exterior joints to make watertight.



		K. Field Finishing:

		1. Apply a coating of insulating cement where needed to obtain a smooth and continuous appearance.

		2. Where pipe labels or banding are specified for a piping system, they shall be applied to the finished insulation and not to the pipe.

		3. Painting piping insulation exposed to view:

		a. Metal or PVC jacketing does not require painting.

		b. If an insulated piping system is specified to be painted in Section 40 27 00, the piping shall receive a prime coat as specified in Section 09 90 00.  Finished insulation, and not the piping, shall be painted as specified in Section 09 90 00.







		3.3 SUPPLEMENTS

		A. General Heat Tracing Table







		40 80 01 - Process Piping Leakage Testing

		PART 1 GENERAL

		1.1 summary

		A. Section includes general information and execution for process piping leakage testing.

		B. Related Sections:

		1. SECTION 40 27 00 – PROCESS PIPING – GENERAL





		1.2 REFERENCES

		A. Chlorine Institute, Inc. (CI):

		1. Pamphlet 6 – Piping Systems for Dry Chlorine





		1.3 SUBMITTALS

		A. Quality Control Submittals:

		1. Testing plan:  Submit prior to testing and, at a minimum, include:

		a. Testing dates.

		b. Piping systems and sections to be tested.

		c. Test type.

		d. Method of isolation.

		e. Calculation of maximum allowable leakage for piping section(s) to be tested.



		2. Certifications of calibration:  Testing equipment.

		3. Certified test report.







		PART 2 PRODUCTS (Not Used)

		PART 3 EXECUTION

		3.1 PREPARATION

		A. Notify the ENGINEER in writing 5 days in advance of testing.  Perform testing in the presence of the ENGINEER.

		B. Pressure Piping:

		1. Install temporary thrust blocking or other restraint as necessary to protect adjacent piping or equipment and make taps in piping prior to testing.

		2. Wait 5 days, at a minimum, after concrete thrust blocking is installed to perform pressure tests.  If high-early strength cement is used for thrust blocking the wait time may be reduced to 2 days.

		3. Prior to testing, remove or suitably isolate appurtenant instruments or devices that could be damaged by pressure testing.

		4. Chlorine piping:  Test, dry, and clean in accordance with CI Pamphlet 6.

		5. New piping connected to existing piping:

		a. Isolate new piping with grooved end pipe caps, spectacle blinds, blind flanges, or as acceptable to the ENGINEER.

		b. Test the joint between new piping and existing piping by methods that do not place the entire existing system under test load, as approved by the ENGINEER.



		6. Items that do not require testing:  Piping between wetwells and wetwell isolation valves, tank overflows to atmospheric vented drains, and tank atmospheric vents.

		7. Test pressure:  As specified in SECTION 40 27 00.



		C. The test section may be filled with water and allowed to stand under low pressure prior to testing.

		D. Gravity Piping:

		1. Perform testing after service connections, manholes, and backfilling are complete between the stations to be tested.

		2. Determine the groundwater level at the time of testing by using exploratory holes or other acceptable methods to the ENGINEER.

		3. Pipe 42-inch diameter and larger:  A joint testing device may be used to isolate and test individual joints.





		3.2 quality control

		A. Hydrostatic Test for Pressure Piping:

		1. Fluid:  Clean water of such quality to prevent the corrosion of materials in the piping system.

		2. Exposed piping:

		a. Perform testing on installed piping prior to the application of insulation.

		b. Maximum filling velocity:  0.25 foot per second, applied over full area of pipe.

		c. Vent piping during filling.  Open vents at high points of the piping system or loosen flanges, using at least 4 bolts, or use equipment vents to purge air pockets.

		d. Maintain hydrostatic test pressure continuously for 60 minutes, at a minimum, and for such additional time as necessary to conduct examinations for leakage.

		e. Examine joints and connections for leakage.

		f. Correct visible leakage; retest until pipe passes.

		g. Empty pipe of water prior to final cleaning or disinfection.



		3. Buried piping:

		a. Test after backfilling is completed.

		b. Expel air from the piping system during filling.

		c. Apply and maintain the specified test pressure with a hydraulic force pump.  Valve off the piping system when the test pressure is reached.

		d. Maintain the hydrostatic test pressure continuously for 2 hours, at a minimum, re-opening the isolation valve only as necessary to restore the test pressure.

		e. Determine actual leakage by measuring the quantity of water necessary to maintain the specified test pressure for the duration of the test.

		f. Maximum allowable leakage for joints with gaskets:

		g. Correct leakage greater than allowable; retest until pipe passes.





		B. Pneumatic Test for Pressure Piping:

		1. Do not perform on:

		a. PVC or CPVC pipe.

		b. Piping larger than 18-inches.

		c. Buried and other non-exposed piping.



		2. Fluid:  Oil-free, dry air.

		3. Procedure:

		a. Apply a preliminary pneumatic test pressure of 25 psig, at a maximum, to the piping system prior to final leak testing to locate visible leaks.  Apply a soap bubble mixture to joints and connections; examine for leakage.

		b. Correct visible leaks and repeat the preliminary test until visible leaks are corrected.

		c. Gradually increase pressure in the system to half of the specified test pressure.  Thereafter, increase pressure in steps of approximately one-tenth of the specified test pressure until the required test pressure is reached.

		d. Maintain pneumatic test pressure continuously for 10 minutes, at a minimum, and for such additional time as necessary to conduct the soap bubble examination for leakage.

		e. Correct visible leakage; retest until pipe passes.



		4. Allowable leakage:  The piping system, exclusive of possible localized instances at the pump or the valve packing, shall show no visual evidence of leakage.

		5. After testing and final cleaning, purge with nitrogen those lines that will carry flammable gases to assure no explosive mixtures will be present in the system during the filling process.



		C. Hydrostatic Test for Gravity Piping:

		1. Testing equipment accuracy:  ±1/2 gallon water leakage under specified conditions.

		2. Maximum allowable leakage:  0.16 gallons per hour per inch diameter per 100 feet; include service connection footage in the test section, subjected to minimum head specified.

		3. Roof drain piping:  Test with 15 feet of water to include the highest horizontal vent in filled piping.  Where vertical drain and vent systems exceed 15 feet in height, test systems in 15 foot vertical sections as piping is installed.

		4. Exfiltration test:

		a. Hydrostatic head:

		1) At least 6 feet above the maximum estimated groundwater level in the section being tested.

		2) No less than 6 feet above the inside top of the highest section of pipe in the test section, including service connections.



		b. Length of pipe tested:  Limit length such that pressure on the invert of the lower end of the section does not exceed 30 feet of WC.



		5. Infiltration test:

		a. Groundwater level:  At least 6 feet above the inside top of the highest section of pipe in the test section, including service connections.



		6. Piping with a groundwater infiltration rate greater than allowable leakage rate for exfiltration will be considered defective even if the pipe previously passed a pressure test.

		7. Defective piping sections:  Replace or test and seal individual joints; retest until pipe passes.



		D. Vacuum Testing for Chlorine Gas Vacuum Piping:

		1. Isolate and test sections of the vacuum piping to test the vacuum as specified in SECTION 40 27 00.

		2. After vacuum is established in the pipe section and verified with a calibrated vacuum gauge, isolate the pipe section and continue to measure the vacuum in the pipe section over a 60 minute period.  The maximum allowable vacuum reduction in the pip...

		3. Defective pipe sections shall be corrected and retested.



		E. QUALITY CONTROL

		1. Test report documentation shall include:

		a. Test date.

		b. Description and identification of piping tested.

		c. Test fluid.

		d. Test pressure.

		e. Remarks, including the type and location of leaks and the repair or replacement performed to remedy excessive leakage.

		f. The signature of the CONTRACTOR and the ENGINEER to attest the test was satisfactorily completed.
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ARTICLE 1--DEFINITIONS 


Wherever used in these General Conditions or in other Contract Documents, the following terms shall have the meanings 
indicated herein, which are applicable to both singular and plural forms thereof. 


Addenda--Written or graphic instruments issued prior to the opening of Bids, which clarify, correct, or change the Bidding 
Documents or the Contract Documents. 


Agreement--The written document between the OWNER and the CONTRACTOR that covers the Work to be performed; 
other Contract Documents shall be attached and made a part thereof. Defined herein as “Contract.” 


Allowances--These are items of Work that cannot be definitively quantified prior to the actual performance of the Work.  
Allowances are provided for items of Work that are anticipated to occur. 


Amendment--An item issued to modify the Construction Documents to add Work not originally included in the Contract 
Documents. 


Application for Payment--The document used by the CONTRACTOR to request progress or final payments which includes 
supporting documentation that is required by the Contract Documents. 


Asbestos--Any material that contains more than 1% Asbestos and is friable or is releasing fibers into the air above current 
action levels established by the United States Occupational Safety and Health Administration (OSHA). 


As-Builts--As-Built Drawings are Final For Construction Drawings modified to show the as-constructed or as-built condition 
of the Work.  These Drawings reflect the changes made in the Specifications and Final For Construction Drawings during the 
construction process, and are based on redlined drawings provided by the CONTRACTOR and Construction Project 
Inspector.  The completed As-Built Drawings are also known as Record Drawings. 


Bid--The offer or proposal of the Bidder submitted on the prescribed form setting forth the prices for the Work to be 
performed. 


Bid Package--Applicable to CMAR and CM/GC Contracts. A biddable component of a Work Package. 


Bidder--Any person, firm, or corporation submitting a Bid for the Work. 


Bidding Documents--The advertisement or Invitation to Bid, Instructions to Bidders, the Bid form, and the proposed 
Contract Documents (including Addenda issued prior to the receipt of Bids). 


Bidding Requirements--The advertisement or Invitation to Bid, Instructions to Bidders, and the Bid form. 


Board--Has the same meaning as OWNER. 


Bonds--Bid, performance and payment bonds, and other instruments of security. 


Capital Projects Construction Standards (CPCS)--Includes General Conditions, Standard Technical Specifications, and 
Standard Details that are no longer a part of individual project Contract Documents. 


Change Order--An agreement between the OWNER and the CONTRACTOR that authorizes an addition, deletion or 
revision in the Work or an adjustment in the Contract Time or Contract Price that is issued on or after the Effective Date of 
the Agreement.  


Claim--A written demand for payment of money, extension of time or other relief allowed by this Contract. 


CM/GC--Construction Manager/General Contractor alternative delivery methods. 


CMAR--Construction Manager At Risk alternative delivery methods. 


Construction Project Manager--The authorized representative of the ENGINEER assigned to the site, or any part thereof, 
to observe the Work and to perform certain other obligations of the ENGINEER.  


Contract--Has the same meaning as "Agreement." 


Contract Documents--The Agreement, Addenda, CONTRACTOR's Bid (including documentation accompanying the Bid 
and any post-Bid documentation submitted prior to the Notice of Award) when attached as an exhibit to the Agreement, 
Notice to Proceed, the Bonds, these General Conditions, the Supplementary Conditions, the Specifications, and the 
Drawings identified as “Contract Documents” in the Agreement, together with Written Amendments, modifications, and 
supplements incorporated into a Change Order on or after the Effective Date of the Agreement and any other documents that 







GENERAL CONDITIONS 


(Continued) 


EFFECTIVE JANUARY 2014 GC-2 


are designated “Contract Documents” by the OWNER. No one part of the Contract Documents shall constitute the Contract 
or Agreement; the whole, taken together, shall be the Agreement between the parties. 


Contract Price--The amount payable by the OWNER to the CONTRACTOR for the completion of the Work in accordance 
with the Contract Documents as stated in the Agreement.  


Contract Time--The number of days (computed as indicated in Paragraph 17.2.) or the dates stated in the Agreement for the 
completion of the Work. 


CONTRACTOR--The person, firm, or corporation with whom the OWNER has entered into the Agreement to perform the 
Work. 


Cost Loaded Schedule (CLS)--A detailed schedule of individual activities required to complete the Work and their 
associated cost that the CONTRACTOR anticipates requesting partial payment for as the activity is progressively completed. 
References to schedule or construction schedule shall mean CLS. The activities and associated costs in the CLS shall be 
equal to the Contract Price. 


Day--Calendar day. 


Defective--An adjective used to refer to Work that is unsatisfactory, faulty, or deficient; fails to conform to the Contract 
Documents; fails to meet the requirements of any inspection, reference standard, test, or approval referred to in the Contract 
Documents or has been damaged prior to the final payment (unless responsibility for the protection thereof has been 
assumed by the OWNER in accordance with this Agreement). 


Denver Water--The property and personnel under the control of the City and County of Denver, acting by and through its 
Board of Water Commissioners. 


Direct Work--Applicable to CM/GC Contracts. Also known as Direct Cost, the actual construction Work performed on the 
Project. This includes subcontracts, material purchases, and equipment purchases; Self Perform Work includes labor, 
materials, equipment, and construction equipment. 


Director of Engineering--The person designated by Denver Water to lead its Division of Engineering and Construction. 


Drawings--The Drawings that show the scope, extent, and character of the Work to be furnished and performed by the 
CONTRACTOR which have been prepared or approved by the ENGINEER and are referred to in the Contract Documents. 
Shop Drawings are not Drawings as so defined.  


Effective Date of the Agreement--The date indicated in the Contract on which it becomes effective. If no such date is 
indicated, the date on which the Agreement is signed and delivered by the last of the two parties to sign and deliver. 


ENGINEER--The Director of Engineering or the Director’s authorized representative. 


Engineering Standards--Standards promulgated by the CEO/Manager of Denver Water and administered by the Director of 
Engineering, as amended from time to time, that provide uniform requirements for the installation, operation, and 
maintenance of water facilities and the materials and equipment used for such facilities. 


Fee--Applicable to CMAR and CM/GC Contracts. An amount specifically identified in the Guaranteed Maximum Price which 
the parties have agreed that the OWNER will pay to the CONTRACTOR for performing the Work in addition to the cost of the 
Work itself. 


Field Order--A written directive issued by the ENGINEER for the implementation of minor changes to the Work (in 
accordance with Paragraph 9.5.). This directive does not involve a change in the Contract Price or the Contract Time. 


Final Completion--All Work has been completed in the opinion of the ENGINEER as evidenced by the ENGINEER’s 
definitive letter certifying, “Final Completion,” in accordance with the Contract Documents. Award of Final Completion by the 
ENGINEER to the CONTRACTOR first requires the CONTRACTOR to provide the ENGINEER with final versions of all 
applicable project paperwork including Submittals, operation and maintenance manuals, as-builts, and completing 
operational testing and associated paperwork. 


Guaranteed Maximum Price (GMP)--The total sum that is mutually accepted by the OWNER and the CONTRACTOR for a 
Work Package Proposal. The CONTRACTOR shall be responsible for costs in excess of the mutually accepted sum. 







GENERAL CONDITIONS 


(Continued) 


EFFECTIVE JANUARY 2014 GC-3 


Hazardous Chemicals--Chemicals that contain substances that can burn, explode, have toxic release hazards, or may 
cause other damage to persons or property. Hazardous chemicals may include, but are not limited to aqua ammonia, 
chlorine (liquid and gas), oxygen (liquid), hydrofluosilicic acid (liquid fluoride), sodium fluorosilicate (fluoride), potassium 
permanganate, 50% caustic soda solution, and aluminum sulfate in aqueous solution with sulfuric acid (alum). 


Hazardous Substances--Hazardous Materials and Hazardous Wastes, as defined by the U.S. Occupational Health and 
Safety Administration (OSHA) and the Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA) 
that include, but are not be limited to, Asbestos, PCBs, Petroleum, Hazardous Waste, and Radioactive Material. 


Hazardous Waste--The term shall have the meaning provided in § 1004 of the Solid Waste Disposal Act (42 U.S.C. § 6903). 


Indirect Work--Applicable to CM/GC Contracts. Work that is necessary to complete the Project beyond the cost of Direct 
Work and is limited to allowable general conditions costs, project Fees, CONTRACTOR’s bonds, CONTRACTOR’s 
insurance, and permit costs; also known as Indirect Cost. 


Laws or Regulations--Any applicable laws, rules, regulations, ordinances, codes, and orders of any governmental bodies, 
agencies, authorities, and courts having jurisdiction. 


Lump Sum--A payment procedure under which the OWNER agrees to pay the CONTRACTOR a specified amount for 
completing the Work including a cost breakdown at the time of invoicing. 


Manufacturer--A person, group, company, or fabricator who has a contract with the CONTRACTOR or Subcontractor to 
produce goods or products to be incorporated into the Work. 


Mark-up--The portion of the total contract amount that is not directly attributable to the cost of the Work including, but not 
limited to, overhead and profit. 


Milestone--A principal event specified in the Contract Documents that relates to an intermediate completion date or a time 
prior to the Substantial Completion of the Work. 


Notice of Award--The written notice by the OWNER to the apparent successful BIDDER stating that upon compliance by the 
apparent Successful Bidder with the terms and conditions precedent enumerated therein, within the time specified, as part of 
the Contract Agreement. Once accepted, the OWNER will sign and deliver the agreement. 


Notice to Proceed--A written notice provided by the OWNER to the CONTRACTOR that fixes the date on which the 
Contract Time will begin and on which the CONTRACTOR shall initiate performance of its obligations under the Contract 
Documents. 


OWNER--The Board of Water Commissioners of the City and County of Denver, which is formally designated as the City and 
County of Denver, a municipal corporation of the State of Colorado, acting by and through its Board of Water Commissioners 
that is at times referred to as "Board” or “Denver Water." 


OWNER’s Consultant--The person, firm, or corporation retained by the OWNER to provide engineering services as the 
OWNER’s independent professional associate.  


Partial Utilization--Use by the OWNER of a substantially completed part of the Work for the purpose for which it is intended, 
or a related purpose, prior to Substantial Completion for the Work. 


PCBs--Polychlorinated biphenyls. 


Petroleum--Petroleum, including crude oil, or any fraction thereof that is liquid at standard conditions of temperature and 
pressure [60° Fahrenheit (15.6° Celsius) and 14.7 pounds per square inch absolute (100 kilo Pascals)]. Examples include: 
fuel oil, oil sludge, oil refuse, gasoline, kerosene, and oil mixed with other non-Hazardous Wastes and crude oils. 


Plans--Shall have the same meaning as "Drawings" when used in Contract Documents, 


Potential Fire, Explosion, or Toxic Release Hazards--The chemicals aqua ammonia and chlorine (or liquid chlorine).  


Project--The total construction of the Work to be provided under the Contract Documents or a part of the Work as indicated 
elsewhere in the Contract Documents. 


Radioactive Material--Source, special nuclear, or byproduct material as defined by the Atomic Energy Act of 1954 (42 
U.S.C. § 2011 et seq.) and as regulated by the Colorado Department of Public Health and Environment (CDPHE). 
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Record Documents -- The documents, certifications, Drawings and other information related to the Work, materials and 
equipment the CONTRACTOR and ENGINEER required and used to complete the Work that reflect the final condition of the 
Work. 


Request for Information (RFI)--A standard process primarily used to gather information to make a decision, confirm the 
interpretation of a detail, specification, or note on the construction drawings, or to secure a documented directive or 
clarification needed to continue work. 


Samples--Physical examples of materials, equipment, or workmanship that are representative of some portion of the Work 
and establish standards by which such portion of the Work will be judged. 


Shop Drawings--All drawings, diagrams, illustrations, schedules, and other data or information specifically prepared or 
assembled by or for the CONTRACTOR and are submitted by the CONTRACTOR to illustrate some portion of the Work. 


Specifications--Those portions of the Contract Documents that consist of written technical descriptions of materials, 
equipment, construction systems, standards, and workmanship as applied to the Work and certain administrative details 
applicable thereunto. Standard Specifications that are not included in a project’s Contract Documents are provided in the 
Capital Projects Construction Standards. 


Subcontractor--An individual, firm, or corporation that has a contract with the CONTRACTOR or with any other 
Subcontractor for the performance of a portion of the Work at the site. 


Submittals--Shop Drawings, Samples, drafts, information, manuals, warranties, documents, and the like furnished to the 
ENGINEER by the CONTRACTOR, or by the Supplier through the CONTRACTOR, as required by the Contract Documents. 


Substantial Completion--The Work (or a specified part thereof) has progressed to the point where it is sufficiently complete 
in the opinion of the ENGINEER as evidenced by the ENGINEER's definitive letter certifying “substantial completion.”  It is 
sufficiently complete, in accordance with the Contract Documents, so that the Work (or specified part) can be utilized for the 
purposes for which it is intended; or if there be no such letter issued, when final payment is due in accordance with 
Paragraph 14.14. The terms "substantially complete" and "substantially completed" as applied to any Work refer to 
Substantial Completion thereof. 


Supplementary Conditions--The part of the Contract Documents that amends or supplements these General Conditions.  
The Supplementary Conditions are a component of the Supplementary Technical Provisions. 


Supplementary Technical Provisions--The part of the Contract that amends or supplements the General Conditions, 
Technical Specifications, and/or Standard Details contained in the CPCS. 


Supplier--A distributor, material man, or vendor who has a contract with the CONTRACTOR or Subcontractor to furnish 
materials or equipment to be incorporated into the Work. 


Surety--A corporate entity authorized to do business in the State of Colorado, which executes as Surety thereon any Bond 
filed with the OWNER pursuant to these Contract Documents by the Bidder or the CONTRACTOR. 


Total Project Cost--Applicable to CMAR and CM/GC Contracts. The estimate of cost agreed to by the OWNER and the 
CONTRACTOR and the maximum total cost the OWNER will pay to the CONTRACTOR for the project. Change Orders 
modify the Total Project Cost. Costs incurred by the CONTRACTOR in excess of the Total Project Cost, which includes any 
approved Change Orders, will be at the cost and risk of the CONTRACTOR. 


Undefined Holds--Applicable to CMAR Contracts. An amount specifically identified in the GMP which the parties have 
agreed the OWNER will pay to the CONTRACTOR for performing Work that is not within the scope of the Subcontractors’ 
Work.  


Underground Facilities--All pipelines, conduits, ducts, cables, wires, manholes, vaults, tanks, tunnels or other such facilities 
or attachments, and any encasements containing such facilities that have been installed underground to furnish any of the 
following services or materials: electricity, gases, steam, liquid petroleum products, telephone or other communications, 
cable television, sewage and drainage removal, traffic or other control systems or water. 


Unit Price Work--Work that is to be paid for based on component prices. 


Work--The entire completed construction, or the various separately identifiable parts thereof, that are required to be 
furnished under the Contract Documents. Work includes and is the result of performing services, furnishing labor, furnishing 
and incorporating materials and equipment into the construction, performing or furnishing services, and furnishing documents 
as required by the Contract Documents. 
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Work Change Directive--A written order to the CONTRACTOR that is issued on or after the Effective Date of the Agreement 
and is signed by the Construction Project Manager, which requires an addition, deletion, or revision in the Work, is in 
response to differing or unforeseen physical conditions under which the Work is to be performed as provided in the 
Agreement, or is in response to emergencies under the Agreement. A Work Change Directive may not change the Contract 
Price nor the Contract Times, but it is evidence that the parties expect that the change directed or documented by a Work 
Change Directive will be incorporated in a subsequently issued Change Order following negotiations by the parties as to its 
effect, if any, on the Contract Price or Contract Time as provided in the Agreement.  


Work Package--Applicable to CMAR and CM/GC Contracts. The set of documents, including Drawings and Specifications, 
that describes a phase of the total Work upon which a GMP is based. 


Written Amendment--A change to the Contract Documents that is signed by the OWNER and the CONTRACTOR on or 
after the Effective Date of the Agreement. The change normally addresses non-engineering or non-technical aspects of the 
Contract Documents, it may also add Work to the scope of the Contract. 


ARTICLE 2--PRELIMINARY MATTERS 


Delivery of Bonds: 


2.1. When the CONTRACTOR delivers the executed Agreements to the ENGINEER, the CONTRACTOR shall also 
deliver to the ENGINEER such Bonds and Certificates of Insurance as the CONTRACTOR may be required to 
furnish in accordance with ARTICLE 5. 


Copies of Documents:  


2.2. The ENGINEER will furnish to the CONTRACTOR up to 10 copies (unless otherwise specified in the 
Supplementary Conditions) of the Contract Documents as are reasonably necessary for the execution of the Work. 
Additional copies will be the responsibility of the CONTRACTOR. The OWNER may elect to furnish electronic 
access of Contract Documents to the CONTRACTOR. 


Commencement of Contract Time; Notice to Proceed:  


2.3. The Contract Time will commence on the Date indicated in the Notice to Proceed. A Notice to Proceed may be 
given at any time within 45 days after the Effective Date of the Agreement. 


Starting the Project:  


2.4. The CONTRACTOR shall begin the Work on the date when the Contract Time commences. No Work shall be 
permitted at the site prior to the start date. The CONTRACTOR shall perform the Work in accordance with Contract 
Documents that are “Conformed” and Drawings that are marked “Final for Construction” only. 


Before Starting Construction:  


2.5. Before undertaking each part of the Work, the CONTRACTOR shall carefully study and compare the Contract 
Documents and check and verify pertinent figures shown thereon in addition to applicable field measurements. The 
CONTRACTOR shall report, in writing, to the Construction Project Manager any conflict, error, or discrepancy that 
the CONTRACTOR may discover within 7 days and shall obtain a written interpretation or clarification from the 
Construction Project Manager before proceeding with any Work affected thereby; however, the CONTRACTOR will 
not be liable to the OWNER for the failure to report any conflict, error, or discrepancy in the Contract Documents, 
unless the CONTRACTOR had actual knowledge thereof or should reasonably have known thereof. 


2.6. Within 30 days after the date of the Notice to Proceed, or as specified in the Contract Documents, the 
CONTRACTOR shall submit the following to the Construction Project Manager for review: 


2.6.1. A CLS as detailed in the specifications. The final CLS submitted and reviewed in accordance with 
Paragraph 2.9. shall provide an orderly progression of the Work to completion within the Contract Time. 
The ENGINEER’s review of the CLS will neither impose upon the ENGINEER the responsibility for the 
progress or scheduling of the Work nor relieve the CONTRACTOR from any responsibility thereof. Such 
submittal of CLS by the CONTRACTOR will be a prerequisite for any extension of Contract Time 
pursuant to ARTICLE 12. 


2.6.2. A 30 day preliminary progress schedule detailing those activities that will take place after the Pre-
Construction Meeting and before submittal of the CLS. On-site Work may be prohibited until submission 
and approval of this schedule by the ENGINEER. 







GENERAL CONDITIONS 


(Continued) 


EFFECTIVE JANUARY 2014 GC-6 


2.6.3 A preliminary cost sheet that indicates the predicted change order pricing including labor rates and 
burdens, equipment rates, mark-ups, overhead and profit, and insurance and bond costs, unless 
directed otherwise by the ENGINEER. 


2.6.4 A safety plan may be required that includes a project-specific risk mitigation plan designed to mitigate 
those project-specific risks identified in the Contract Documents, in addition to typical construction safety 
information. 


2.7. Before the Notice to Proceed is issued, the CONTRACTOR shall deliver to the ENGINEER certificates (and other 
evidence of insurance requested by the OWNER) that the CONTRACTOR is required to purchase and maintain in 
accordance with ARTICLE 5. 


Pre-Construction Meeting:  


2.8. Before the CONTRACTOR starts Work at the site, a meeting attended by the CONTRACTOR, the Construction 
Project Manager, the ENGINEER, and others considered appropriate by the parties will be held to discuss the items 
referred to in Paragraph 2.6.; to discuss administration and communication procedures including handling Shop 
Drawings, operations and maintenance manuals, and other Submittals; for processing Applications for Payment; 
and to establish a working understanding between the parties as to the Work. 


Finalizing Schedules:  


2.9. At least 10 days prior to the submission of the first Partial Payment Application, a meeting will be held to finalize the 
CLS  submitted in accordance with Paragraph 2.6. The meeting shall be attended by the CONTRACTOR, the 
ENGINEER, and others, as appropriate. 


Effect of CONTRACTOR’s Failure to Submit Information:  


2.10. The CONTRACTOR acknowledges that the CONTRACTOR’s submittal of the information required, as listed above, 
is necessary for subsequent determinations regarding the issuance of Change Orders and Work Directive Changes 
and that failure to submit this information creates a rebuttable presumption that no Change Order or Work Directive 
Change is due. 


ARTICLE 3--CONTRACT DOCUMENTS: INTENT, AMENDING, REUSE 


Intent: 


3.1. The Contract Documents will comprise the entire Agreement between the OWNER and the CONTRACTOR 
concerning the Work. The Contract Documents are complementary, i.e., what is called for by one is as binding as if 
called for by all. The Contract Documents will be construed in accordance with the laws of the State of Colorado. 
This Contract is and shall be deemed to be performable in the City and County of Denver, notwithstanding that the 
parties may find it necessary to take action in furtherance of or compliance with the Contract outside said City and 
County. Disputes between the OWNER and the CONTRACTOR will be resolved by an administrative hearing as 
set forth in ARTICLE 16. 


The CONTRACTOR shall not utilize the Contract Documents for purposes unrelated to the performance of Work 
hereunder and shall not make the Contract Documents available to the general public, this includes availability 
through the CONTRACTOR’s promotional materials or website. The CONTRACTOR shall immediately inform the 
OWNER if the CONTRACTOR becomes aware that any of its subcontractors or employees has disclosed any of 
the Contract Documents. 


The CONTRACTOR’s use of the Contract Documents shall be strictly limited to the terms of any Project-specific 
Disclosure Agreement. 


3.2. The intent of the Contract Documents is to describe a functionally complete Project (or a part thereof) to be 
constructed in accordance with the Contract Documents. Any Work, materials, or equipment that may reasonably 
be inferred from the Contract Documents or from prevailing custom or trade usage as being required to produce the 
intended result shall be furnished and performed whether or not specifically stated. When words or phrases that 
have a well-known technical, construction industry, or trade meaning are used to describe Work, materials, or 
equipment, such words or phrases will be interpreted in accordance with that meaning. Clarifications and 
interpretations of the Contract Documents will be issued by the ENGINEER as provided in Paragraph 9.4. 
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3.3. Reference to Standards and Specifications of Technical Societies: Reporting and Resolving Discrepancies: 


3.3.1. The reference to standards, Specifications, manuals, or codes of any technical society, organization, or 
association or to Laws or Regulations of any governmental authority, whether such reference be specific 
or implied, means the latest standard, Specification, manual, code, Law, or Regulation in effect at the 
time of Bid opening (or, on the Effective Date of the Agreement if there were no Bids), except as may be 
otherwise specifically stated in the Contract Documents. 


3.3.2. If the CONTRACTOR discovers any conflict, error, ambiguity, or discrepancy within the Contract 
Documents and any provision of any Law or Regulation applicable to the performance of the Work, of 
any such standard, Specification, manual, or code or of any instruction of any Supplier referred to in 
Paragraph 6.5., the CONTRACTOR shall report it to the Construction Project Manager, in writing, within 
48 hours and the CONTRACTOR shall not proceed with the Work affected thereby (except in an 
emergency as authorized by Paragraph 6.22.) until a Written Amendment or supplement to the Contract 
Documents has been issued by one of the methods indicated in Paragraph 3.4. or 3.5.; provided, 
however, that the CONTRACTOR will not be liable to the OWNER for failure to report any such conflict, 
error, ambiguity, or discrepancy unless the CONTRACTOR knew or reasonably should have known 
thereof. 


3.3.3. Except as otherwise specifically stated in the Contract Documents, or as may be provided by Written 
Amendment or supplement thereto, issued by one of the methods indicated in Paragraph 3.4. or 3.5., 
the provisions of the Contract Documents shall take precedence in resolving any conflict, error, 
ambiguity, or discrepancy between the provisions of the Contract Documents and: 


3.3.3.1. Reference to standards, Specifications, manuals, or codes of any technical society, 
organization, or association, or to Laws or Regulations of any governmental authority, 
whether such reference be specific or by implication, shall mean the latest standard, 
Specification, manual, code, Law, or Regulation in effect at the time of opening the Bids (or, 
on the Effective Date of the Agreement if there were no Bids), except as may be otherwise 
specifically stated in the Contract Documents. 


3.3.3.2. The provisions of any such Laws or Regulations applicable to the performance of the Work 
(unless such an interpretation of the provisions of the Contract Documents would result in 
the violation of such Laws or Regulations). 


No provision of any such standard, Specification, manual, code, or instruction shall be 
effective to change the duties and responsibilities of the OWNER, the CONTRACTOR, the 
ENGINEER, or any of their Subcontractors, consultants, agents, or employees from those 
set forth in the Contract Documents, nor shall it be effective to assign to the OWNER, the 
ENGINEER, or any of the OWNER’s Consultants, agents, or employees any duty or 
authority to supervise or direct the furnishing or performance of the Work or any duty or 
authority to undertake responsibility that is inconsistent with the provisions of Paragraph 
9.13. or any other provision of the Contract Documents. 


In the case of a conflict or a discrepancy, the following hierarchal list dictates the order of 
precedence: 


a. Change Orders, Amendments, and Work Change Directives 


b. RFI’s and Field Orders 


c. Project-Specific Specifications 


d. P&ID’s Contract Drawings or other Record Drawings 


e. Contract Drawings – Dimensions on Drawings shall govern over scale Drawings 


f. Submittals, Shop Drawings 


g. Verbal Direction 


In the event an item of Work is described differently in two or more locations on the 
Drawings, request clarification from the Construction Project Manager. 







GENERAL CONDITIONS 


(Continued) 


EFFECTIVE JANUARY 2014 GC-8 


Amending and Supplementing Contract Documents:  


3.4. The Contract Documents may be amended to provide for additions, deletions, and revisions in the Work, or to 
modify the terms and conditions thereof, in one or more of the following ways: 


3.4.1. A formal Written Amendment, 


3.4.2. A Change Order (pursuant to Paragraph 10.4.), or 


3.4.3. A Work Change Directive (pursuant to Paragraph 10.1.). 


3.5. In addition, the requirements of the Contract Documents may be supplemented and minor variations and deviations 
in the Work may be authorized in one or more of the following ways: 


3.5.1. A Field Order issued (pursuant to Paragraph 9.5.), 


3.5.2. The ENGINEER's approval of a Submittal (pursuant to Paragraphs 6.25. and 6.26.), or 


3.5.3. The ENGINEER's written interpretation or clarification (pursuant to Paragraph 9.4). 


Reuse of Documents:  


3.6. The CONTRACTOR, Subcontractor, Supplier or other person or organization performing or furnishing any of the 
Work under a direct or indirect contract with the OWNER shall not have nor shall they acquire any title to or 
ownership rights in any of the Drawings, Specifications, or other documents (or copies thereof) prepared by or 
bearing the seal of the ENGINEER. They shall not reuse any of Drawings, Specifications, or other documents on 
extensions of the Project or on any other project without the written consent of the ENGINEER and the OWNER's 
Consultant(s) (where applicable), which consent may be conditioned upon specific written verification or adaptation 
by the ENGINEER and the OWNER’s Consultant(s) (where applicable). 


ARTICLE 4--AVAILABILITY OF LANDS; SUBSURFACE AND PHYSICAL CONDITIONS; REFERENCE POINTS 


Availability of Lands:  


4.1. The OWNER will furnish, as indicated in the Contract Documents, the lands upon which the Work is to be 
performed, rights-of-way and easements for access thereunto, and such other lands which are designated for the 
use of the CONTRACTOR. The OWNER will identify any encumbrances or restrictions not of general application 
but specifically related to the use of lands so furnished with which the CONTRACTOR shall have to comply in 
performing the Work. Easements for permanent structures or permanent changes in existing facilities will be 
obtained and paid for by the OWNER, unless otherwise provided in the Contract Documents. The CONTRACTOR 
is responsible for acquiring any additional lands for construction outside the limits of that provided by the OWNER. 
The CONTRACTOR shall also provide for additional lands and access thereunto that may be required for 
temporary construction facilities or the storage of materials and equipment. 


4.2. Subsurface and Physical Conditions:  


4.2.1. The CONTRACTOR shall refer to the following information regarding subsurface and physical 
conditions: 


4.2.1.1. For Subsurface Conditions, the CONTRACTOR shall refer to those reports of explorations 
and tests of subsurface conditions at or contiguous to the site that have been utilized by the 
ENGINEER in preparing the Contract Documents; and 


4.2.1.2. For Physical Conditions, the CONTRACTOR shall refer to those drawings of physical 
conditions in or relating to existing surface or subsurface structures at or contiguous to the 
site (except Underground Facilities) that have been utilized by the ENGINEER in preparing 
the Contract Documents. 


4.2.2. Limited Reliance by the CONTRACTOR on Technical Data. The CONTRACTOR shall rely upon the 
general accuracy of the "technical data" contained in the reports and drawings (referenced above), but 
such reports and drawings are not themselves Contract Documents unless specifically identified as 
such. "Technical data" is identified in appropriate sections of the Contract Documents. Except for such 
reliance on "technical data," the CONTRACTOR shall not rely upon nor make any Claim against the 
OWNER, the ENGINEER, or any of the OWNER’s Consultants with respect to: 
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4.2.2.1. The completeness of such reports and drawings for the CONTRACTOR's purposes 
including, but not limited to, any aspects of the means, methods, techniques, sequences, 
and procedures of construction to be employed by the CONTRACTOR and safety 
precautions and programs incident thereunto, or 


4.2.2.2. Other data, interpretations, opinions, and information contained in such reports or shown or 
indicated in such drawings, or 


4.2.2.3. Any CONTRACTOR interpretation of or conclusion drawn from any "technical data" or any 
such data, interpretations, opinions, or information. 


4.2.3. Notice of Differing Subsurface or Physical Conditions. If the CONTRACTOR believes that any 
subsurface or physical condition of the site that is uncovered or revealed is: 


4.2.3.1. Of such a nature as to establish that any "technical data" on which the CONTRACTOR is 
entitled to rely upon as provided in Paragraphs 4.2.1. and 4.2.2. is materially inaccurate; or 


4.2.3.2. Materially different from that shown or indicated in the Contract Documents; or 


4.2.3.3. Of an unusual nature and materially different from conditions ordinarily encountered and 
generally recognized as inherent in work of the character provided for in the Contract 
Documents; 


then the CONTRACTOR shall, promptly (but no later than 5 days) after becoming aware thereof and 
before further disturbing conditions affected thereby or performing any Work in connection therewith 
(except in an emergency as permitted by Paragraph 6.22.), notify the Construction Project Manager, in 
writing, about the condition. The CONTRACTOR shall  not further disturb the conditions or perform any 
Work in connection therewith (except as aforesaid) until receipt of a written order to do so. 


4.2.4. The ENGINEER's Review. Upon receipt of the CONTRACTOR’s written notice (referenced above), the 
ENGINEER shall promptly review the pertinent conditions, determine the necessity of obtaining 
additional exploration or tests with respect thereunto and advise the CONTRACTOR, in writing, of the 
ENGINEER's findings and conclusions. 


4.2.5. Possible Contract Documents Change. If the ENGINEER concludes that a change in the Contract 
Documents is required as a result of a condition that meets one or more of the categories in Paragraph 
4.2.3., a Work Change Directive, Field Order, or a Change Order will be issued as provided in ARTICLE 
10 to reflect and document the consequences of such change. 


4.2.6. Possible Price and Times Adjustments. If the ENGINEER concludes that an equitable adjustment in the 
Contract Price or in the Contract Time, or both, is required as a result of a condition that meets one or 
more of the categories in Paragraph 4.2.3. and causes an increase or decrease in the CONTRACTOR's 
cost of, or time required for performance of, the Work, a Work Change Directive, Field Order, or Change 
Order will be issued as provided in this Agreement, subject to the following: 


4.2.6.1. Such condition must meet any one or more of the categories described in Paragraphs 
4.2.3.1. through 4.2.3.3., inclusive; 


4.2.6.2. A change in the Contract Documents pursuant to Paragraph 4.2.5. will not be an automatic 
authorization of nor a condition precedent to entitlement to any such adjustment; 


4.2.6.3. With respect to Work that is paid for on a Unit Price Basis, any adjustment in Contract Price 
will be subject to the provisions of Paragraphs 9.10. and 11.9.; and 


4.2.6.4. The CONTRACTOR shall not be entitled to any adjustment in the Contract Price or Contract 
Time if: 


4.2.6.4.1. The CONTRACTOR knew of the existence of such conditions at the time 
the CONTRACTOR made a final commitment to the OWNER in respect to 
Contract Price and Contract Time by the submission of a Bid or by 
becoming bound under a negotiated Contract; or 


4.2.6.4.2. The existence of such condition could reasonably have been discovered or 
revealed as a result of any examination, investigation, exploration, test, or 
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study of the site and contiguous areas required by the Bidding 
Requirements or Contract Documents to be conducted by or for the 
CONTRACTOR prior to the CONTRACTOR's making such final 
commitment; or 


4.2.6.4.3. The CONTRACTOR failed to give written notice within the timeframe 
required by Paragraph 4.2.3. or a schedule required elsewhere in the 
Contract Documents. 


4.2.6.5. If the ENGINEER and the CONTRACTOR are unable to agree on entitlement to or the 
extent of an equitable adjustment in the Contract Price or Contract Time related to the 
occurrence of the above conditions, a Claim may be initiated as provided in ARTICLE 16. 
However, the OWNER, the ENGINEER, and the OWNER’s Consultants shall not be liable to 
the CONTRACTOR for any costs, losses, or damages sustained by the CONTRACTOR on, 
or in connection with, any other project or anticipated project due to any alleged delay 
associated with the Work. 


4.3. Physical Conditions specifically consisting of Underground Facilities: In addition to Paragraph 4.2., the following 
shall apply to Physical Conditions of the site that consist specifically of Underground Facilities: 


4.3.1. Shown or Indicated: The information and data shown or indicated in the Contract Documents, with 
respect to existing Underground Facilities at or contiguous to the site, is based on information and data 
furnished to the ENGINEER by the OWNER, by the owners of such Underground Facilities, or others. 


4.3.1.1. The OWNER will not be responsible for the accuracy or completeness of any such 
information or data; and, 


4.3.1.2. The CONTRACTOR shall have full responsibility for reviewing and checking such 
information and data, for locating Underground Facilities shown or indicated in the Contract 
Documents, for the coordination of Work with the owners of such Underground Facilities 
during construction, for the safety and protection thereof as provided in Paragraph 6.19., and 
for repairing any damage resulting from the Work, the cost of which will be considered as 
having been included in the Contract Price. The CONTRACTOR shall perform this review, 
checking and locating shown or indicated Underground Facilities prior to construction, with 
sufficient lead time to allow the OWNER or the owners of Underground Facilities to correct 
or mitigate interferences with the Work.  


4.3.2. Not Shown or Not Indicated: If an Underground Facility exists at or is contiguous to the site that was not 
shown or indicated in the Contract Documents and that the CONTRACTOR could not reasonably have 
been expected to be aware of, the CONTRACTOR shall promptly, no later than 48 hours, after 
becoming aware thereof and before performing any Work affected thereby (except in an emergency as 
permitted by Paragraph 6.22.), identify the owner of the Underground Facility giving written notice 
thereof to that owner and to the Construction Project Manager. The ENGINEER will promptly review the 
Underground Facility to determine the extent to which the Contract Documents should be modified to 
reflect and document the consequences of the existence of the Underground Facility and the Contract 
Documents may be amended or supplemented as necessary. During such time, the CONTRACTOR 
shall be responsible for the safety and protection of such Underground Facility as provided in Paragraph 
6.19.  


The CONTRACTOR shall expect normal utility service lines to commercial and residential properties. 
These include water, sewer, telephone, cable television, gas, and electric. Such lines will not normally 
be shown in the Contract Documents. The CONTRACTOR shall not be entitled to any adjustment of 
Contract Price or Contract Time associated with locating, avoiding, relocating, or repairing such 
services. The fact that some or any of the service lines are shown on the Drawings is not a 
representation that service lines are shown or indicated.  


Reference Points:  


4.4. The ENGINEER will provide engineering surveys to establish primary reference points for construction, which in the 
ENGINEER's judgment are necessary to enable the CONTRACTOR to proceed with the Work. The 
CONTRACTOR shall be responsible for laying out the Work (unless otherwise specified in the Contract 
Documents), shall protect and preserve the established reference points, and shall make no changes or relocations 
without the prior written approval of the ENGINEER. The CONTRACTOR shall report to the ENGINEER whenever 
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any reference point is lost or destroyed or requires relocation because of necessary changes in grades or locations. 
The CONTRACTOR shall be responsible for the cost of the accurate replacement or relocation of such reference 
points by professionally qualified personnel selected or approved by the ENGINEER. 


4.5. Hazardous Substances:  


4.5.1. The OWNER will be responsible for any Hazardous Substances (e.g., Asbestos, PCBs, Petroleum, 
Hazardous Waste, or Radioactive Material) uncovered or revealed at the site that were not shown or 
indicated in Drawings or Specifications or identified in the Contract Documents to be within the scope of 
the Work and that may present a substantial danger to persons or property exposed thereunto in 
connection with the Work at the site. The OWNER will not be responsible for any such materials brought 
to the site by the CONTRACTOR, Subcontractor, Suppliers, or anyone else for whom the 
CONTRACTOR is responsible. 


4.5.2. Upon the discovery of a Hazardous Substance, the CONTRACTOR shall immediately (i) stop Work in 
connection with such Hazardous Substance and in any area affected thereby (except in an emergency 
as required by Paragraph 6.22.) and (ii) notify the ENGINEER (and thereafter confirm such notice in 
writing). The ENGINEER will promptly determine the necessity for the OWNER to retain a qualified 
expert to evaluate such Hazardous Substance or take corrective action, if any. The CONTRACTOR will 
not be required to resume Work in connection with such Hazardous Substance or in any such affected 
area until after the OWNER has obtained any required permits related thereunto and delivered to the 
CONTRACTOR special written notice (i) specifying that any affected area is or has been rendered safe 
for the resumption of Work or (ii) specifying any special conditions under which such Work may be 
resumed safely. If the ENGINEER and the CONTRACTOR cannot agree as to entitlement to or the 
amount or extent of an adjustment, if any, in Contract Price or Contract Time as a result of such Work 
stoppage or such special conditions under which Work will be resumed, the ENGINEER will make the 
determination and the CONTRACTOR may dispute said determination through a Claim as provided in 
ARTICLE 16. 


4.5.3. If the CONTRACTOR does not agree to resume such Work based on a reasonable belief it is unsafe or 
does not agree to resume such Work under special conditions after the receipt of such special written 
notice, then the OWNER may order such portion of the Work that is in connection with such Hazardous 
Substance or in such affected area to be deleted from the Work. If the ENGINEER and the 
CONTRACTOR cannot agree as to entitlement to or the amount or extent of an adjustment, if any, in 
Contract Price or Contract Time as a result of deleting such portion of the Work, then the ENGINEER 
will make the determination and the CONTRACTOR may dispute the determination through a Claim as 
provided in ARTICLE 16. The OWNER may have such deleted portion of the Work performed by the 
OWNER's own personnel, or others, in accordance with ARTICLE 7. 


4.5.4. To the fullest extent permitted by Laws or Regulations, the OWNER will indemnify and hold harmless 
the CONTRACTOR, Subcontractors, Consultants, and the officers, directors, employees, agents, other 
Consultants, and Subcontractors of each of them from and against Claims, costs, losses, and damages 
arising out of or resulting from such Hazardous Substance, provided that (i) any such Claim, cost, loss, 
or damage is attributable to bodily injury, sickness, disease, or death or to injury to or destruction of 
tangible property (other than the Work itself), including the loss of use resulting therefrom and (ii) 
nothing in this Subparagraph 4.5.4. shall obligate the OWNER to indemnify any person or entity from 
and against the consequences of that person's or entity's own negligence. 


4.5.5. The provisions of Paragraphs 4.2. and 4.3. shall not apply to Hazardous Substances uncovered or 
revealed at the site. 


Water Treatment Chemicals:  


4.6. For Work at Treatment Plants, operating chemical systems on the property where the Work is located may include, 
but are not limited to, Aqua Ammonia, Chlorine (liquid and gas), Hydrofluosilicic Acid (liquid Fluoride), Potassium 
Permanganate, 50% Caustic Soda Solution, Aluminum Sulfate in aqueous solution with sulfuric acid (Alum), 
Sodium Fluorosilicate (Fluoride), and Ferric Chloride.  Copies of the Safety Data Sheets (SDS) are available at the 
Work site.  Compliance with the required Environmental Health and Safety Program and Employee Safety Training 
as specified in the Contract Documents is required. 


Work Performed in the vicinity of the aqua ammonia and chlorine systems shall be performed only in the 
presence of and with the assistance of the OWNER’s plant operator. Control of CONTRACTOR’s entrance, 
presence, and exit shall be the responsibility of the OWNER. 
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ARTICLE 5--BONDS AND INSURANCE 


Performance and Other Bonds:  


5.1. The CONTRACTOR shall furnish Performance and Payment Bonds, each in an amount at least equal to the 
Contract Price as security for the faithful performance and payment of the CONTRACTOR's obligations under the 
Contract Documents. These Bonds shall remain in effect at least until one year after the date when final payment 
becomes due, except as otherwise provided by Laws or Regulations or by any and all requirements imposed by the 
Contract Documents. Bonds shall be in the forms prescribed by Laws or Regulations or by the Contract Documents, 
executed by such sureties as are named in the current list of "Companies Holding Certificates of Authority as 
Acceptable Sureties on Federal Bonds and as Acceptable Reinsuring Companies" as published in Circular 570 (as 
amended) by the Audit Staff Bureau of Accounts, U.S. Treasury Department, and rated "A-" or better by A. M. Best 
Company. Bonds signed by an agent must be accompanied by a certified copy of the authority to act. The Bid 
package must include proof of A. M. Best ratings. The CONTRACTOR may use forms EJCDC C-610 (2002 Edition) 
and EJCDC C-615(A) (2008 Edition) as an acceptable alternative to forms EJCDC No. 1910-28-A (1996 Edition) 
and EJCDC No. 1910-28-B (1996 Edition) for this Project. 


Under unique or unusual circumstances, if the CONTRACTOR wishes to use another company as the provider of 
any Bond required hereunder, the CONTRACTOR shall obtain written approval from the OWNER prior to Bid. 


5.2. If the Surety on any Bond furnished by the CONTRACTOR is declared bankrupt, becomes insolvent, its right to do 
business is terminated in any state where any part of the Project is located, or it ceases to meet the requirements of 
Paragraph 5.1., the CONTRACTOR shall, within 5 days thereafter, substitute another Bond and Surety, both of 
which must be acceptable to the OWNER. 


CONTRACTOR’s Insurance:  


5.3. Throughout the time the CONTRACTOR is performing Work pursuant to this Agreement, the CONTRACTOR shall 
maintain, and ensure that its subcontractors maintain, insurance that meets the requirements set forth: 


5.3.1. Workers compensation insurance as required under the workers' compensation laws of the State of 
Colorado. 


5.3.2. Commercial general liability insurance with limits of not less than $1,000,000 per occurrence and 
$2,000,000 aggregate. Such insurance shall include “The City and County of Denver, Acting By and 
Through its Board of Water Commissioners” and, if requested by the Board, any Consultant retained by 
the Board to perform Work on this Project, as additional insured and shall be primary and non-
contributing with respect to any insurance or self-insurance program of the Board. The CONTRACTOR 
shall maintain this insurance for 2 years after final payment and for the duration of the applicable 
Colorado statute of repose. 


5.3.3. Business automobile insurance with limits of not less than $1,000,000 per occurrence. Such insurance 
shall include coverage for owned, non-owned, and hired vehicles utilized in the performance of this 
Agreement. 


5.3.4. Professional liability insurance with a limit of not less than $2,000,000 per claim is required for  licensed 
professional services such as, but not limited to, architectural, engineering, or survey services in the 
performance of this Agreement. 


5.3.5. “All Risks” builder’s risk insurance at least as broad in scope as the Insurance Services Office (“ISO”) 
“Cause of Loss – Special form.” Such insurance shall: 


5.3.5.1. Cover the full projected value of the completed Project; 


5.3.5.2. Not include coinsurance requirements; 


5.3.5.3. Include soft cost coverage for additional accounting costs, legal costs, and any other 
increase in expense incurred due to an insured event; 


5.3.5.4. Include equipment breakdown coverage or its equivalent; 


5.3.5.5. Continue in force until final completion and the OWNER’s acceptance; 
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5.3.5.6. Include “The City and County of Denver, Acting By and Through its Board of Water 
Commissioners” as insured as its interests may appear, and, if requested by the Board, any 
Consultant retained by the Board to perform Work on this Project. 


5.3.6. OTHER REQUIREMENTS AND PROVISIONS 


5.3.6.1. The CONTRACTOR’s insurers shall maintain an A.M. Best rating of A-, Class VII or better. 


5.3.6.2. Self-insured retentions or deductibles must be declared and approved by the Board and 
shall be paid solely by the CONTRACTOR without reimbursement by the OWNER. 


5.3.6.3. 30 day advance notice of cancellation shall be provided to the Board. 


5.3.6.4. The OWNER may modify these requirements at its discretion. 


Evidence of Insurance:  


5.4. The CONTRACTOR shall provide to the Board certificates of insurance (and renewals thereof) demonstrating that 
the insurance requirements have been met. Certificates of insurance shall contain a clause in this form: The above 
described policies shall not be canceled, modified, or amended or coverage reduced without the issuing company 
providing 30 days advance written notice to the certificate holder.  


5.5. The CONTRACTOR shall provide copies of insurance policies upon the request of the Board. 


Colorado Governmental Immunity Act:  


5.6. Any language contained herein notwithstanding, the OWNER continues to rely upon, and has not waived, the 
monetary limits and all other rights, immunities, and protections provided by the Colorado Governmental Immunity 
Act, Colorado Revised Statutes, § 24-10-101, et seq. The OWNER carries no commercial general or automobile 
liability insurance, and its exposure to liability, therefore, whether directly by reason of its own negligence, or 
indirectly through indemnification, contract, subrogation or otherwise, is as stated in the Act. 


ARTICLE 6--CONTRACTOR’S RESPONSIBILITIES 


Supervision and Superintendence:  


6.1. The CONTRACTOR shall supervise and direct the Work competently and efficiently, devoting such attention 
thereunto and applying such skills and expertise as may be necessary to perform the Work in accordance with the 
Contract Documents. The CONTRACTOR shall be solely responsible for the means, methods, techniques, 
sequences, and procedures of construction but the CONTRACTOR will not be responsible for the negligence of 
others in the design or selection of a specific means, method, technique, sequence, or procedure of construction 
that is indicated in and required by the Contract Documents. The CONTRACTOR shall be responsible to see that 
finished Work complies with the Contract Documents. The CONTRACTOR shall comply with its Non-Disclosure 
Agreement with the OWNER, and it shall maintain appropriate confidentiality of Contract Documents, which 
obligation shall flow down to its Subcontractors and Suppliers. 


6.2. The CONTRACTOR shall designate, in writing, a competent project manager and full-time superintendent who is 
on-site at all times during construction and who shall not be replaced without written notice to the Construction 
Project Manager. The superintendent shall be the CONTRACTOR's representative at the site and shall have 
authority to act on behalf of the CONTRACTOR. Communications given to the superintendent shall be as binding 
as if given to CONTRACTOR. The CONTRACTOR shall immediately remove from the Work any person employed, 
including the CONTRACTOR's superintendent, on the site whom the ENGINEER determines to be uncooperative 
or disorderly. At a minimum, the OWNER and the ENGINEER may require the CONTRACTOR, Subcontractors, 
and Suppliers to provide the names of employees entering the OWNER’s sites and may require those employees to 
provide identification to access such sites. 


Labor, Materials, and Equipment:  


6.3. The CONTRACTOR shall provide competent, suitably qualified personnel to survey and lay out the Work using the 
horizontal and vertical control provided by the OWNER and to perform construction as required by the Contract 
Documents. The CONTRACTOR shall, at all times, maintain good discipline and order at the site except in 
connection with the safety or protection of persons or the Work or property at the site or adjacent thereunto, and 
except as otherwise indicated in the Contract Documents. 
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For conduits, the ENGINEER shall provide engineering surveys to establish an alignment of offset control points 
parallel to the proposed pipeline alignment. The offset distance shall be determined by a joint effort between the 
CONTRACTOR and the ENGINEER relative to the trench width. The CONTRACTOR shall keep the ENGINEER 
informed, a reasonable time in advance, of the time and places at which it intends to work in order that offset control 
points can be set by the ENGINEER in advance of the Work. All costs involved in delays resulting from short notice 
given by the CONTRACTOR shall be borne by the CONTRACTOR.  The CONTRACTOR shall preserve all line and 
grade stakes and all markers set by the ENGINEER unless the CONTRACTOR is authorized to do otherwise. Any 
points destroyed by the CONTRACTOR through its negligence, shall be replaced by the ENGINEER. The OWNER 
reserves the right to charge the CONTRACTOR for any replacements due to negligence. 


Work at the site shall be performed during regular working hours and shall not start earlier or end later than allowed 
by local jurisdictional codes. Working hours are the responsibility of the CONTRACTOR; the OWNER shall have no 
additional liability for overtime or shift time unless approved beforehand. 


OWNER-recognized Holidays consist of the following days: 


New Year’s Day (January 1st) 


Martin Luther King Day (3rd Monday in January) 


President’s Day (3rd Monday in February) 


Cesar Chavez Day (Last Monday in March) 


Memorial Day (Last Monday in May) 


Independence Day (July 4th, or observed weekday) 


Labor Day (1st Monday in September) 


Veteran’s Day (November 11th or observed weekday) 


Thanksgiving Day (4th Thursday in November) 


Christmas Day (December 25th, or observed weekday) 


6.4. Unless otherwise specified in the Contract Documents, the CONTRACTOR shall  furnish and assume full 
responsibility for materials, equipment, labor, transportation, construction equipment and machinery, tools, 
appliances, fuel, power, light, heat, telephone, water, sanitary facilities, temporary facilities and other facilities, and 
incidentals necessary for the furnishing and installing, performance, testing, start-up, and completion of the Work. 


6.5. All materials and equipment shall be of good quality and new, except as otherwise provided in the Contract 
Documents. If required by the ENGINEER, the CONTRACTOR shall  furnish all of its documentation (including bills 
of lading, reports of required tests, supplier invoices, etc.) as to the quantity, kind, and quality of materials and 
equipment utilized in the Work. Materials and equipment shall be applied, installed, connected, erected, used, 
cleaned, and conditioned in accordance with the instructions of the applicable Supplier except as otherwise 
provided in the Contract Documents. 


Construction Schedule:  


6.6. The CONTRACTOR shall adhere to the construction schedule as it may be adjusted from time to time as provided 
herein: 


6.6.1. The CONTRACTOR shall submit proposed adjustments in the construction schedule that will not 
change the Contract Time (or Milestones) to the Construction Project Manager. Such adjustments shall 
conform generally to the construction schedule then in effect and shall comply with any provisions of the 
General Conditions applicable thereunto. 


6.6.2. Proposed adjustments in the construction schedule that will change the Contract Time (or Milestones) 
shall be submitted in accordance with the requirements of Paragraph 12.1. Such adjustments may only 
be made by a Change Order or Written Amendment in accordance with ARTICLE 12. 
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6.7. Substitute or Or-Equal Items:  


6.7.1. Whenever materials or equipment are specified or described in the Contract Documents by using the 
name of a proprietary item or the name of a particular Supplier, the naming of the item is intended to 
establish the type, function, and quality required. Unless the technical specifications indicate that no 
substitution is permitted, materials or equipment of other Suppliers may be accepted by the ENGINEER 
if the CONTRACTOR submits sufficient information to allow the ENGINEER to determine that the 
material or equipment proposed is equal to that named. The procedure for review by the ENGINEER will 
follow the guidelines listed herein and as they may be supplemented in the Supplementary Conditions. 
Requests for a review of substitute items of material and equipment will not be accepted by the 
ENGINEER from anyone other than the CONTRACTOR. If the CONTRACTOR wishes to furnish or use 
a substitute item of material or equipment, the CONTRACTOR shall make written application to the 
ENGINEER for acceptance thereof, certifying that the proposed substitute will perform adequately the 
functions and achieve the results called for by the general design, be similar and of equal substance to 
that specified, and be suited to the same use as that specified. The application shall state that 
evaluation and acceptance of the proposed substitute will not prejudice the CONTRACTOR's 
achievement of Substantial Completion on time whether or not acceptance of the substitute for use in 
the Work will require a change in any of the Contract Documents (or in the provisions of any other 
contract with the OWNER for Work on the Project) to adapt the design to the proposed substitute, and 
whether or not incorporation or use of the substitute in connection with the Work is subject to payment of 
any licensing or royalty. Variations of the proposed substitute from that specified shall be identified in the 
application, and available maintenance, repair, and replacement service shall be indicated. The 
application shall also contain an itemized estimate of costs that will result directly or indirectly from the 
acceptance of such substitute including costs of redesign and claims of other contractors affected by the 
resulting change, all of which will be considered by the ENGINEER in evaluating the proposed 
substitute. The ENGINEER may require the CONTRACTOR to furnish, at the CONTRACTOR's 
expense, additional data about the proposed substitute. 


6.7.2. If a specific means, method, technique, sequence, or procedure of construction is indicated in or 
required by the Contract Documents, the CONTRACTOR shall furnish or utilize a substitute means, 
method, sequence, technique, or procedure of construction acceptable to the ENGINEER if the 
CONTRACTOR submits sufficient information to allow the ENGINEER to determine that the substitute 
proposed is equivalent to that indicated or required by the Contract Documents. The procedure for 
review by the ENGINEER will be similar to that provided in Paragraph 6.7.1. as applied by the 
ENGINEER and as may be supplemented in the Supplementary Conditions. 


6.7.3. The ENGINEER will evaluate each proposed substitute within a reasonable timeframe. The ENGINEER 
shall be the sole judge of acceptability and no substitute will be ordered, installed, or utilized without the 
ENGINEER's prior written acceptance, which will be evidenced by either a Change Order or an 
approved Shop Drawing. The OWNER, acting through the ENGINEER, may require the 
CONTRACTOR to furnish at the CONTRACTOR's expense a special performance guarantee or other 
surety with respect to any substitute. The ENGINEER will record the time required by the ENGINEER 
and the OWNER's Consultant in evaluating substitutions proposed by the CONTRACTOR and in 
making changes in the Contract Documents occasioned thereby. Whether or not the ENGINEER 
accepts a proposed substitute, the OWNER may require the CONTRACTOR to reimburse the OWNER 
for the charges of the ENGINEER and the OWNER's Consultant for the evaluation of each proposed 
substitute. 


6.8. Concerning Subcontractors, Suppliers, and Others:  


6.8.1. The CONTRACTOR will not employ any Subcontractor, Supplier, or other person or organization 
against whom the OWNER or the ENGINEER have reasonable objection. The CONTRACTOR will not 
be required to employ any Subcontractor, Supplier, or other person or organization to furnish or perform 
any of the Work against whom the CONTRACTOR has reasonable objection. 


6.8.2. The CONTRACTOR shall provide to the ENGINEER, within 10 days of the Effective Date of Agreement 
or Work Package (CMAR and CM/GC Contracts), a complete listing including addresses and telephone 
numbers of Subcontractors and Suppliers proposed for use (including those who are to furnish the 
principal items of materials and equipment) for acceptance by the ENGINEER. The OWNER's or the 
ENGINEER's acceptance (either in writing or by failing to make written objection thereunto by the date 
indicated for acceptance or objection in the Bidding Documents or the Contract Documents) of any such 
Subcontractor, Supplier, or other person or organization so identified may be revoked on the basis of 
reasonable objection after due investigation in which case the CONTRACTOR shall submit an 
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acceptable substitute. The Contract Price may be adjusted, in accordance with ARTICLE 10, for the 
difference in the cost associated by such substitution. No acceptance by the OWNER or the ENGINEER 
of any such Subcontractor, Supplier, or other person or organization shall constitute a waiver of any 
right of the OWNER or the ENGINEER to reject Defective Work. 


6.8.3. The CONTRACTOR shall be fully responsible to the OWNER for acts and omissions of the 
Subcontractors whether selected by the CONTRACTOR or by the OWNER, Suppliers, and other 
persons and organizations performing or furnishing any of the Work for the CONTRACTOR just as the 
CONTRACTOR is responsible for the CONTRACTOR's own acts and omissions. Nothing in the 
Contract Documents shall create any contractual relationship between the OWNER and any such 
Subcontractor, Supplier, or other person or organization, nor shall it create any obligation on the part of 
the OWNER to pay or to see to the payment of any moneys due any such Subcontractor, Supplier, or 
other person or organization except as may otherwise be required by Laws or Regulations. 


6.8.4. The CONTRACTOR shall be solely responsible for scheduling and coordinating the Work of 
Subcontractors, Suppliers, and other persons and organizations performing or furnishing any of the 
Work for the CONTRACTOR. The CONTRACTOR shall require Subcontractors, Suppliers, and any 
such persons or organizations performing or furnishing any of the Work to communicate with the 
ENGINEER through the CONTRACTOR. 


6.9. The divisions and sections of the Specifications and the identifications of any Drawings shall not control the 
CONTRACTOR in dividing the Work among Subcontractors or Suppliers or delineating the Work to be performed 
by any specific trade. 


6.10. Work performed for the CONTRACTOR by a Subcontractor shall be pursuant to an appropriate agreement between 
the CONTRACTOR and the Subcontractor that specifically binds the Subcontractor to the applicable terms and 
conditions of the Contract Documents for the benefit of the OWNER. The CONTRACTOR shall pay each 
Subcontractor a just share of any insurance moneys received by the CONTRACTOR on account of losses under 
policies issued pursuant to Paragraph 5.3., as their interests may appear. 


Patents and Royalties:  


6.11. The CONTRACTOR shall pay licensing and royalties and assume costs incident to the use in the performance of 
the Work or the incorporation in the Work of any invention, design, process, product, or device that is the subject of 
patent rights or copyrights held by others. If a particular invention, design, process, product, or device is specified in 
the Contract Documents for use in the performance of the Work and if to the actual knowledge of the OWNER or 
the ENGINEER its use is subject to patent rights or copyrights calling for the payment of any licensing or royalty to 
others, the existence of such rights will be disclosed by the ENGINEER or the OWNER's Consultant in the Contract 
Documents. The CONTRACTOR shall indemnify and hold harmless the OWNER and anyone directly or indirectly 
employed by the OWNER from and against Claims, damages, losses, and expenses (including attorneys' costs and 
court proceedings and alternative dispute resolution costs) arising out of any infringement of patent rights or 
copyrights incident to the use in the performance of the Work or resulting from the incorporation in the Work of any 
invention, design, process, product, or device not specified in the Contract Documents and shall defend such claims 
in connection with any alleged infringement of such rights. 


Permits and Licenses:  


6.12. Unless otherwise provided, the CONTRACTOR shall obtain and pay for permits and licenses required in the 
execution of the Work with no Mark-up. The OWNER will obtain any permits and licenses the OWNER deems 
necessary to expedite the Work, and any permits and licenses so obtained will be identified in the appropriate 
sections of the Contract Documents. An appropriate adjustment to Contract Price shall be made for any permits and 
licenses obtained by the OWNER that the Contract Documents required the CONTRACTOR to obtain. The 
CONTRACTOR shall pay applicable charges and inspection costs necessary for the prosecution of the Work that 
are required at the time of the opening of Bids, or, if there are no Bids, on the Effective Date of the Agreement. The 
CONTRACTOR shall acquire any occupancy permit if such is required for the OWNER to utilize the Work. The 
CONTRACTOR shall pay charges of utility owners for connections to the Work, and the OWNER will pay charges 
of such utility owners for capital costs related thereunto such as plant investment. The CONTRACTOR shall comply 
with the requirements of permits and licenses obtained by the OWNER and/or the CONTRACTOR. 







GENERAL CONDITIONS 


(Continued) 


EFFECTIVE JANUARY 2014 GC-17 


6.13. Laws and Regulations:  


6.13.1. The CONTRACTOR shall give notices and comply with Laws or Regulations applicable to furnishing 
and performance of the Work. Except where otherwise expressly required by applicable Laws or 
Regulations, neither the OWNER, the ENGINEER, nor the OWNER's Consultant will be responsible for 
monitoring the CONTRACTOR's compliance with any Laws or Regulations. The CONTRACTOR shall 
certify that it has complied, and during the term of this Agreement shall continue to comply, with the 
Immigration Reform and Control Act of 1986. 


6.13.2. If the CONTRACTOR observes that Specifications or Drawings are at variance with any Laws or 
Regulations, the CONTRACTOR shall give the Construction Project Manager immediate written 
notification, within 24 hours of such observation, and any necessary changes will be made by one of the 
methods indicated in Paragraph 3.5. If the CONTRACTOR performs any Work knowing or having 
reason to know that it is contrary to such Laws or Regulations, and without such notice, the 
CONTRACTOR shall bear costs arising therefrom. 


Sales and Use Taxes (Excise Taxes):  


6.14. The CONTRACTOR shall pay sales, consumer, use, and other similar taxes required to be paid by the 
CONTRACTOR in accordance with the Laws or Regulations of the place of the Project that are applicable during 
the performance of the Work. 


The Total Project Cost shall include such taxes in accordance with the following: 


6.14.1. Colorado State Taxes. The State of Colorado will not impose sales and use taxes upon construction and 
building materials purchased by the CONTRACTOR and Subcontractors for use in the building, 
erection, alteration, or repair of structures, highways, roads, streets, and other public works owned and 
used by the OWNER. To qualify for this exemption, an application for a certificate of exemption must be 
filed with the Department of Revenue, State of Colorado, by the CONTRACTOR and Subcontractors 
engaged in the Project. Bids shall not include any such taxes in the computation. 


6.14.2. Local Taxes. The CONTRACTOR and each Subcontractor are required to pay the sales and use taxes 
imposed by any political subdivision of the State of Colorado on purchases of any tangible personal 
property to be built into the Work. Each proposal shall include such taxes with no adjustment for any 
refund that the OWNER may subsequently receive. 


6.14.3. Federal Taxes. As a political subdivision of the State of Colorado, the OWNER is exempt from the 
payment of most federal excise taxes. The Contract Price shall not include federal excise tax of any kind 
in the computation. An exemption certificate will be provided by the OWNER for those items to which the 
exemption applies. The CONTRACTOR will be reimbursed for payment of any federal excise tax for 
which the OWNER is unable to provide an exemption certificate. 


Use of Premises:  


6.15. The CONTRACTOR shall confine construction equipment, the storage of materials and equipment, and the 
operations of workers to the site, land, and areas identified in and permitted by the Contract Documents and other 
land and areas permitted by Laws or Regulations, rights-of-way, permits, and easements and shall not 
unreasonably encumber the premises with construction equipment or other materials or equipment. The 
CONTRACTOR shall assume full responsibility for any damage to any such land or area, to the OWNER or 
occupant thereof, or of any adjacent land or areas, resulting from the performance of the Work. Should any Claim 
be made by any such owner or occupant because of the performance of the Work, the CONTRACTOR shall 
promptly settle with such other party by negotiation or otherwise resolve the Claim by other dispute resolution 
proceeding or at law. The CONTRACTOR shall, to the fullest extent permitted by Laws or Regulations, indemnify 
and hold harmless the OWNER, the ENGINEER, the OWNER’s Consultant, and anyone directly or indirectly 
employed by them from and against Claims, costs, losses, and damages arising out of or resulting from any Claim 
or action, legal or equitable, brought by any such owner or occupant against the OWNER, the ENGINEER, or any 
other party indemnified hereunder to the extent caused by or based upon the CONTRACTOR's or a 
Subcontractor’s performance of the Work. 
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6.16. During the progress of the Work, the CONTRACTOR shall keep the premises free from accumulations of waste 
materials, rubbish, and other debris resulting from the Work. At the completion of the Work, the CONTRACTOR 
shall remove waste materials, rubbish, and debris from and about the premises as well as tools, appliances, 
construction equipment, machinery, and surplus materials. The CONTRACTOR shall leave the site clean and ready 
for occupancy by the OWNER at Substantial Completion of the Work. The CONTRACTOR shall restore to original 
condition property not designated for alteration by the Contract Documents. 


6.17. The CONTRACTOR shall not load nor permit any part of any structure to be loaded in any manner that will 
endanger the structure, nor shall the CONTRACTOR subject any part of the Work or adjacent property to stresses 
or pressures that will endanger it. The CONTRACTOR shall be responsible for monitoring costs that are required for 
adjacent structures. 


Record Documents:  


6.18. The CONTRACTOR shall maintain, in a safe place at the site, one record copy of Drawings, Specifications, Capital 
Projects Construction Standards, Engineering Standards, Addenda, Written Amendments, Change Orders, Work 
Change Directives, Field Orders, and written interpretations and clarifications (issued pursuant to Paragraph 9.4.) in 
good order and annotated to show changes made during construction. These record documents together with 
approved Samples and Shop Drawings shall be available to the ENGINEER for reference. Upon completion of the 
Work, these record documents, Samples, and Shop Drawings shall be delivered to the Construction Project 
Manager. 


Safety and Protection:  


6.19. The CONTRACTOR shall be responsible for initiating, maintaining, and supervising safety precautions and 
programs in connection with the Work. The CONTRACTOR shall take necessary precautions for the safety of, and 
shall provide the necessary protection to prevent damage, injury, or loss to: 


6.19.1. Employees on the Work and other persons and organizations who may be affected thereby; 


6.19.2. Work, materials, and equipment to be incorporated therein, either in storage on or off-site; and 


6.19.3. Other property at the site or adjacent thereunto including trees, shrubs, lawns, walks, pavements, 
roadways, structures, utilities, and Underground Facilities not designated for removal, relocation, or 
replacement in the course of construction. 


6.19.4. The CONTRACTOR, when Work involves chemicals identified in Paragraph 4.5 and/or 4.6, shall have, 
implement, and submit their Environmental Health and Safety Program and shall implement an 
Employee Safety Training Program including, but not limited to, safety procedures for working on or 
around fire,  explosion, or toxic release hazards and complying with all requirements provided in 
ARTICLES 2, 4, and 17 of the General Conditions.  


The CONTRACTOR shall comply with applicable Laws or Regulations of any public body having jurisdiction for the 
safety of persons or property or to protect them from damage, injury, or loss and shall erect and maintain necessary 
safeguards for such safety and protection. The CONTRACTOR shall notify the owners of adjacent property and of 
Underground Facilities and utility owners when prosecution of the Work may affect them, and shall cooperate with 
them in the protection, removal, relocation, and replacement of their property. Damage, injury, or loss to any 
property, referred to in Paragraph 6.19.2. or 6.19.3., that is caused, either directly or indirectly, in whole or in part, by 
the CONTRACTOR, any Subcontractor, Supplier or any other person or organization directly or indirectly employed 
by them to perform or furnish Work or anyone for whose acts they may be liable, shall be remedied by the 
CONTRACTOR (except damage or loss attributable to the fault of Drawings or Specifications or to the acts or 
omissions of the OWNER or the ENGINEER, the OWNER’s Consultant, or anyone employed by them or anyone for 
whose acts they may be liable). The CONTRACTOR's duties and responsibilities for the safety and protection of the 
Work shall continue until such time as the Work is completed and the ENGINEER has issued a notice to the 
CONTRACTOR in accordance with Paragraph 14.13. that the Work is acceptable (except as otherwise expressly 
provided in connection with Substantial Completion). 


6.20. The CONTRACTOR shall designate a full-time, responsible representative at the site when Work is occurring 
whose duty shall be the prevention of accidents and the maintaining and supervising of safety precautions and 
programs. This person shall be the CONTRACTOR's superintendent unless otherwise designated, in writing, by the 
CONTRACTOR to the Construction Project Manager. 
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Hazard Communication Programs:  


6.21. The CONTRACTOR shall be responsible for coordinating any exchange of  safety data sheets or other hazard 
communication information required to be made available to or exchanged between or among employers at the site 
in accordance with Laws or Regulations.  The CONTRACTOR shall be responsible for ensuring all employees, 
Subcontractors, Subcontractor employees, and any other persons on-site to perform Work are informed of the 
information provided in Paragraph 4.5, and receive the required training as set forth in these Contract Documents. 
The CONTRACTOR shall comply with all requirements pertaining to Hazardous Chemicals; Potential Fire, 
Explosion, or Toxic Release Hazards; and enforce controlled entrance, presence, and exit to chlorine and/or 
ammonia systems in accordance with the General Conditions and DIVISION 1 Specifications contained in these 
Contract Documents. 


Emergencies:  


6.22. In emergencies affecting the safety or protection of persons, the Work, or property at the site or adjacent thereunto, 
the CONTRACTOR, without special instruction or authorization from the ENGINEER, is obligated to act to prevent 
threatened damage, injury, or loss. The CONTRACTOR shall give the ENGINEER prompt written notice if the 
CONTRACTOR believes that any significant changes in the Work or variations from the Contract Documents have 
been caused. If the ENGINEER determines that a change in the Contract Documents is required due to the action 
taken in response to an emergency, a Work Change Directive, Field Order, or a Change Order will be issued to 
document the consequences of the changes or variations. 


Submittal Procedures:  


6.23. After checking and verifying field measurements and after complying with applicable procedures specified herein, 
the CONTRACTOR shall make Submittals in accordance with the CLS as referenced in the specifications. 
Submittals shall bear a stamp or specific written indication that the CONTRACTOR has satisfied its responsibilities 
under the Contract Documents with respect to the review of the submission including those developed by others 
including, Suppliers, and Subcontractors. Submissions shall be identified as required in the specifications. The data 
shown on the Submittals shall be complete with respect to quantities, dimensions, specified performance and 
design criteria, materials, and similar data to enable the ENGINEER to review and approve the information as 
required with no more than two submissions of the same Submittal. ENGINEER time, costs, and delays for 
reviewing subsequent resubmittals, samples, or other items shall be compensated in accordance with the 
specifications. 


6.24. The CONTRACTOR shall submit to the Construction Project Manager, for the ENGINEER to review with such 
promptness as to cause no delay in Work, Samples required by the Contract Documents. If the CONTRACTOR 
fails to perform the necessary review required herein, submissions will be promptly returned by the ENGINEER 
without review. Samples shall have been checked and accompanied by a specific written indication that the 
CONTRACTOR has satisfied its responsibilities under the Contract Documents with respect to the review of the 
submission and shall be identified clearly as to material, Supplier, pertinent data such as catalog numbers, and the 
use for which intended. 


6.24.1. Before submission of each Shop Drawing or Sample, the CONTRACTOR shall have determined and 
verified quantities, dimensions, specified performance criteria, installation requirements, materials, 
catalog numbers, and similar data with respect thereunto and reviewed or coordinated each Shop 
Drawing or Sample with other Shop Drawings and samples and with the requirements of the Work and 
the Contract Documents. 


6.24.2. At the time of each submission, the CONTRACTOR shall give the ENGINEER specific written notice of 
each variation that the Shop Drawings or Samples may have from the requirements of the Contract 
Documents and shall cause a specific notation of each such variation to be made on each Shop 
Drawing submitted for review and approval. 


6.25. The ENGINEER or the OWNER's Consultant will review, with reasonable promptness, Submittals; the ENGINEER's 
review will be only for conformance with the design concept of the Project and for compliance with the information 
given in the Contract Documents and shall not extend to means, methods, techniques, sequences, or procedures of 
construction (except where a specific means, method, technique, sequence, or procedure of construction is 
indicated in or required by the Contract Documents), or to safety precautions or programs incident thereunto. The 
review of a separate item as such will not indicate approval of the assembly in which the item functions. The 
CONTRACTOR shall make corrections required by the ENGINEER and return the corrected Submittals for review 
and approval. The CONTRACTOR shall direct specific attention, in writing, to revisions other than the corrections 
called for by the ENGINEER on previous Submittals. 
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6.26. The ENGINEER's or the OWNER's Consultant’s review and approval of Submittals does not relieve the 
CONTRACTOR from responsibility for any variation from the requirements of the Contract Documents unless the 
CONTRACTOR has, in writing, called the ENGINEER's attention to each such variation at the time of submission, 
as required by Paragraph 6.24.2, and the ENGINEER has given written approval of each such variation by a 
specific written notation thereof incorporated in or accompanying the Submittal approval; nor will any approval by 
the ENGINEER relieve the CONTRACTOR from responsibility for errors or omissions in the Submittals or from 
responsibility for complying with the provisions of Paragraph 6.24.1. 


6.27. Where a Submittal is required by the Specifications, any related Work performed prior to the ENGINEER's or the 
OWNER's Consultant’s review and approval of the pertinent submission will be at the sole risk and responsibility of 
the CONTRACTOR. 


Information requests shall be submitted to the ENGINEER using the RFI form.  Follow the procedures specified in 
ARTICLE 6 – SUBMITTAL PROCEDURES and will supplement the form with any other appropriate information, 
submitted with attachments necessary for proper review by the ENGINEER.  RFI Submittals found to contain errors 
or unapproved deviations or variations from the Contract may be determined by the ENGINEER to be out of 
compliance with the Contract.  Any costs or delays associated with non-conforming RFIs are the CONTRACTOR’s 
sole responsibility and the ENGINEER has no requirement to extend Contract Time or to make additional 
payments. 


If the CONTRACTOR considers any comment by the ENGINEER on the returned RFI to constitute a change, it 
shall make such written notice in accordance with ARTICLE 10. 


Continuing the Work:  


6.28. The CONTRACTOR shall carry on the Work and adhere to the construction schedule during disputes or 
disagreements with the OWNER. No Work shall be delayed or postponed pending the resolution of any disputes or 
disagreements, except as permitted by Paragraph 15.4. or as the CONTRACTOR and the ENGINEER may 
otherwise specifically agree to, in writing. 


CONTRACTOR's General Warranty and Guarantee:  


6.29. The CONTRACTOR warrants and guarantees to the OWNER, the ENGINEER, and the OWNER’s Consultants that 
Work will be in accordance with the Contract Documents and said Work will not be Defective. The CONTRACTOR’s 
obligation to perform and complete Work in accordance with the Contract Documents shall be absolute. 


The CONTRACTOR’s warranty and guarantee hereunder excludes liability for defects caused by abuse, operation 
by persons other than the CONTRACTOR, Subcontractors, and Suppliers or by normal wear and tear under normal 
usage. 


None of the following occurrences shall constitute an acceptance of Work that is not in strict compliance with the 
Contract Documents: 


6.29.1. Observations by the ENGINEER; 


6.29.2. Recommendation of any progress payment or final payment; 


6.29.3. Issuance of a letter certifying Substantial Completion; 


6.29.4. Any payment to the CONTRACTOR under the Contract; 


6.29.5. Use or occupancy of the Work or any part thereof by the OWNER; 


6.29.6. Any acceptance by the OWNER or failure to do so; 


6.29.7. Any observation, test, or approval by others as well as review and/or approval of Submittals, as-builts, or 
issuance of notice of acceptability by the ENGINEER; or 


6.29.8. Any notice or demand by the OWNER or the ENGINEER to correct Defective Work. 


Indemnification:  


6.30. To the fullest extent permitted by Laws or Regulations, the CONTRACTOR shall indemnify, defend, and hold 
harmless the OWNER and the OWNER’s Consultant(s), their officers, directors, agents, and employees from and 
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against Claims, damages, losses, and expenses, direct, indirect, or consequential (including, but not limited to, 
charges of engineers, architects, attorneys, and other professionals and court proceedings or other alternative 
dispute resolution costs) arising out of or resulting from the performance of the Work. The previous sentence shall 
apply only if such Claim, damage, loss, or expense (a) is attributable to bodily injury, sickness, disease, or death, or 
to injury to or destruction of tangible property (other than the Work itself) including the loss of use resulting 
therefrom and (b) is caused in whole or in part by any negligent act or omission of the CONTRACTOR, any 
Subcontractor, any person or organization directly or indirectly employed by them to perform or furnish any of the 
Work, or anyone for whose acts they may be liable. This paragraph applies regardless of causation by or 
negligence of a party indemnified hereunder, and regardless of whether the Claim, damage, or loss arises from or is 
imposed by Laws or Regulations. 


6.31. In any and all Claims against the OWNER and the OWNER's Consultant(s), their officers, directors, agents, and 
employees by any employee of the CONTRACTOR, any Subcontractor, any person or organization directly or 
indirectly employed by them to perform or furnish any of the Work, or anyone for whose acts they may be liable, the 
indemnification obligation under Paragraph 6.30. shall not be limited in any way by any limitation on the amount or 
type of damages, compensation, or benefits payable by or for the CONTRACTOR or any such Subcontractor, other 
person or organization under workers' compensation acts, disability benefit acts, or other employee benefit acts. 


6.32. The indemnification obligations of the CONTRACTOR under Paragraph 6.30. shall not extend to the liability of the 
ENGINEER and the OWNER’s Consultants, officers, directors, employees, or agents caused by the professional 
negligence, errors, or omissions of them. 


Survival of Obligations:  


6.33. All representations, indemnifications, warranties, and guarantees made in, required by, or given in accordance with 
the Contract Documents, as well as continuing obligations indicated in the Contract Documents, will survive final 
payment, completion and acceptance of the Work, and termination or completion of the Agreement. 


Damage To Work:  


6.34. Except as provided in ARTICLE 14 of the General Conditions and in the Supplementary Conditions, the 
CONTRACTOR shall be responsible for damage to the Work until the final payment is made by the OWNER or until 
Partial Utilization of a portion of the Work by the OWNER. If the OWNER uses portions of the Work in accordance 
with the provisions of the Contract Documents concerning Partial Utilization, the CONTRACTOR will be relieved 
from responsibility for damages only for those portions of the Work utilized by the OWNER. 


6.35. Should the CONTRACTOR cause damage to the Work or property of any separate contractor at the site, or should 
any Claim arising out of the CONTRACTOR's performance of the Work at the site be made by any separate 
contractor against the CONTRACTOR, the OWNER, the OWNER's Consultant, or any other person, the 
CONTRACTOR shall promptly attempt to settle with such other contractor by Agreement or to otherwise resolve the 
dispute. The CONTRACTOR shall, to the fullest extent permitted by Laws or Regulations, indemnify, defend, and 
hold the OWNER and the OWNER's Consultant harmless from and against Claims, damages, losses, and 
expenses (including, but not limited to, charges of engineers, architects, attorneys, and other professionals and 
court proceedings or other alternative dispute resolution costs) arising directly, indirectly, or consequentially out of 
any action, legal or equitable, brought by any separate contractor against the OWNER or the OWNER's Consultant 
to the extent based on a Claim arising out of the CONTRACTOR's performance of the Work. Should a separate 
contractor cause damage to the Work or property of the CONTRACTOR or should the performance of Work by any 
separate contractor at the site give rise to any other Claim, the CONTRACTOR shall not institute any action, legal or 
equitable, against the OWNER or the OWNER's Consultant or permit any action against them to be maintained and 
continued in its name or for its benefit in any court or before any arbiter that seeks to impose liability on or to recover 
damages from the OWNER or the OWNER's Consultant on account of any such damage or Claim. If the 
CONTRACTOR is delayed at any time in performing or furnishing Work by any act or neglect of a separate 
contractor, and the OWNER and the CONTRACTOR are unable to agree as to the extent of any adjustment in 
Contract Time attributable thereto, the CONTRACTOR may make a Claim for an extension of time in accordance 
with ARTICLE 12. An extension of the Contract Time will be the CONTRACTOR's exclusive remedy with respect to 
the OWNER and the OWNER's Consultant for any delay, disruption, interference, or hindrance caused by a 
separate contractor. This Paragraph does not prevent recovery from the OWNER or the OWNER's Consultant for 
activities that are their respective responsibilities. 
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ARTICLE 7--OTHER WORK 


Related Work at Site:  


7.1. The OWNER may perform other Work related to the Project at the site by the OWNER's own personnel, let other 
direct contracts therefor that will contain General Conditions similar to these, or have other Work performed by utility 
owners. If the fact that such other Work is to be performed was not noted in the Contract Documents, then (i) written 
notice thereof will be given to the CONTRACTOR prior to starting any such other Work, and (ii) the CONTRACTOR 
may make a Claim, as provided in ARTICLE 11 and ARTICLE 12, if such performance will involve additional 
expense to the CONTRACTOR or requires additional time and the parties are unable to agree as to the amount or 
extent thereof. 


7.2. The CONTRACTOR shall afford each utility owner and each other contractor who is a party to such a direct contract 
(or the OWNER, if the OWNER is performing the additional Work with the OWNER's employees) proper and safe 
access to the site and a reasonable opportunity for the introduction and storage of materials and equipment and the 
execution of such Work, and the CONTRACTOR shall properly connect and coordinate the Work with theirs. The 
CONTRACTOR shall do cutting, fitting, and patching of the Work that may be required to make its parts come 
together properly and integrate with such other Work. The CONTRACTOR shall not endanger the Work of others by 
cutting, excavating, or otherwise altering their Work; they shall only cut or alter their Work with both the written 
consent of the ENGINEER and the others whose Work will be affected. The duties and responsibilities of the 
CONTRACTOR under this Paragraph are for the benefit of such utility owners and other contractors to the extent 
that there are comparable provisions for the benefit of the CONTRACTOR in said direct contracts between the 
OWNER and such utility owners and other contractors. 


7.3. If the proper execution or results of any part of the CONTRACTOR's Work depends upon Work performed by 
others under this Article, the CONTRACTOR shall inspect such Work and promptly report to the Construction 
Project Manager, in writing, any delays, defects, or deficiencies in such other Work that render it unavailable or 
unsuitable for the proper execution and results of the CONTRACTOR's Work. The CONTRACTOR's failure to 
report such will constitute an acceptance of the Work as fit and proper for integration with the CONTRACTOR's 
Work except for latent defects in such other Work. 


Coordination:  


7.4. The OWNER reserves the right to let other contracts in connection with the completion of this Project. Performance 
of other contracts may be simultaneous with this Contract and within the same general area. The CONTRACTOR 
agrees to properly connect and coordinate the Work with that to be performed under other contracts or with Work 
done by the OWNER. Any dispute whatsoever between separate contractors shall be resolved as set forth in 
ARTICLE 16. 


7.4.1. If the CONTRACTOR delays the Work of the OWNER or other contractors by improperly coordinating 
the Work or by not affording them sufficient opportunity or facility to perform the Work as may be 
specified, the CONTRACTOR shall in that case pay costs and expenses incurred by such parties due to 
any such delays and the CONTRACTOR hereby authorizes the OWNER to deduct the amount of such 
costs and expenses from any payments due or to become due to the CONTRACTOR under this 
Contract. Nothing contained in this Paragraph shall, however, relieve said CONTRACTOR from any 
liability resulting to the OWNER on account of such delay(s). 


7.4.2. The OWNER agrees to include this Article in other contracts under its control affecting the Work or other 
work performed in the same general area as the Work under this Contract. 


ARTICLE 8--OWNER'S RESPONSIBILITIES 


8.1. The OWNER will issue all communications to the CONTRACTOR through the ENGINEER unless specified 
otherwise herein. 


8.2. The OWNER will furnish the data required of the OWNER under the Contract Documents promptly and will make 
payments to the CONTRACTOR promptly after they are due as provided herein. 


8.3. The OWNER will provide lands, easements, engineering surveys to establish reference points, copies of reports of 
explorations, and tests of subsurface conditions as provided herein. 


8.4. The OWNER will be liable within the limits set forth in Paragraph 5.6. 


8.5. The OWNER will execute Change Orders as indicated in Paragraph 10.4. 
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8.6. The OWNER will be responsible for certain inspections, tests, and approvals as set forth in Paragraph 13.4. 


8.7. The OWNER shall have the right to stop Work, suspend Work, and terminate the Work of the CONTRACTOR as 
set forth herein. 


8.8. The OWNER will not supervise, direct, or have control or authority over, nor be responsible for the 
CONTRACTOR's means, methods, techniques, sequences, or procedures of construction, or the safety 
precautions and programs incident thereunto, or for any failure of the CONTRACTOR to comply with Laws or 
Regulations applicable to the furnishing or performance of the Work. The OWNER will not be responsible for the 
CONTRACTOR's failure to perform or furnish the Work in accordance with the Contract Documents. 


8.9. The OWNER will be responsible for undisclosed Hazardous Substances uncovered or revealed at the site set forth 
in Paragraph 4.5. 


ARTICLE 9--ENGINEER'S RESPONSIBILITIES 


OWNER's Representative:  


9.1. The ENGINEER will be the OWNER's representative during the construction period. The duties and responsibilities 
of the ENGINEER as the OWNER's representative during construction are set forth in the Contract Documents. 


Visits To Site:  


9.2. The ENGINEER will generally have continuous on-site representation to observe the progress and quality of the 
executed Work and to determine if the Work is proceeding in accordance with the Contract Documents. The 
ENGINEER's efforts will be directed toward providing the OWNER with a greater degree of confidence that the 
completed Work will conform to the Contract Documents. On the basis of such observations, the ENGINEER will 
keep the OWNER informed of the progress of the Work and will endeavor to guard the OWNER against defects and 
deficiencies in the Work. 


9.2.1. The OWNER's Consultant will not be required to make exhaustive or continuous on-site inspections, 
observations, or visits to check the quality or quantity of the Work. 


Project Representation:  


9.3. The ENGINEER will name a Construction Project Manager to observe the execution of the Work and to perform 
certain other obligations of the ENGINEER. 


Clarifications and Interpretations:  


9.4. The ENGINEER will issue, with reasonable promptness, such written clarifications or interpretations of the 
requirements of the Contract Documents (in the form of Drawings or otherwise) as are reasonably necessary. If the 
CONTRACTOR believes that a written clarification or interpretation justifies an increase in the Contract Price or an 
extension of the Contract Time and the parties are unable to agree to the amount or extent thereof, the 
CONTRACTOR may make a Claim as provided in ARTICLE 11 or ARTICLE 12. 


Authorized Variations in Work:  


9.5. The ENGINEER may authorize minor variations in the Work, from the requirements of the Contract Documents, that 
do not involve an adjustment in the Contract Price or the Contract Time and are consistent with the overall intent of 
the Contract Documents. These may be accomplished by a Field Order and will be binding on the OWNER and the 
CONTRACTOR who shall promptly perform the Work involved. If the parties are unable to agree as to the amount 
of the extension of Contract Time or extent thereof, the CONTRACTOR may make a Claim as provided in ARTICLE 
11 or ARTICLE 12. 
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Rejecting Defective Work:  


9.6. The ENGINEER may disapprove or reject Work the ENGINEER believes to be Defective and will also have 
authority to require special inspection or testing of the Work as provided in ARTICLE 13, whether or not the Work is 
fabricated, installed, or completed. No inspection, failure to reject, or acceptance of all or a part of the Work, nor any 
payments for any portion of the Work, nor any extensions of time, nor any possession or occupancy by the OWNER 
shall operate as a waiver of any provision of the Contract Documents or as a waiver of the OWNER's absolute right 
to have the provisions fully performed. No waiver or breach of the requirements of the Contract Documents shall be 
held to be a waiver of any other requirement. 


Shop Drawings, Change Orders, and Payments:  


9.7. In connection with the ENGINEER's responsibilities with regard to Shop Drawings and Samples, see Paragraphs 
6.23. through 6.27. inclusive. 


9.8. In connection with the ENGINEER's responsibilities with regard to Change Orders, see ARTICLES 10, 11, and 12. 


9.9. In connection with the ENGINEER's responsibilities with regard to Applications for Payment, etc., see ARTICLE 14. 


Determinations for Unit Prices:  


9.10. The ENGINEER will verify the actual quantities and classifications of Unit Price Work performed by the 
CONTRACTOR. The ENGINEER will review with the CONTRACTOR the ENGINEER's preliminary determinations 
on such matters before rendering a written decision thereon (by recommendation of an Application for Payment or 
otherwise). The ENGINEER's written decisions thereon will be final and binding upon the CONTRACTOR unless, 
within 10 days after the date of such decision, the CONTRACTOR delivers to the ENGINEER a written objection to 
such a decision. 


Limitations on ENGINEER's Responsibilities:  


9.11. Neither the ENGINEER's authority to act under this ARTICLE 9 or elsewhere in the Contract Documents nor any 
decision made by the ENGINEER in good faith either to exercise or not exercise such authority shall give rise to any 
duty or responsibility of the ENGINEER to the CONTRACTOR, any Subcontractor, any Supplier, any other person 
or organization performing any of the Work, or to any surety for any of them. 


9.12. Whenever in the Contract Documents the terms "as ordered," "as directed," "as required," "as allowed," "as 
approved" or terms of like effect are used, or the adjectives "reasonable," "suitable," "acceptable," "proper," 
"satisfactory" or adjectives of like effect are used to describe a requirement, direction, review, or judgment of the 
ENGINEER as to the Work, it is intended that such requirement, direction, review, or judgment will be solely to 
evaluate the Work for compliance with the Contract Documents (unless there is a specific statement indicating 
otherwise). The use of any such term or adjective shall not be effective to assign to the ENGINEER any duty or 
authority to supervise or direct the furnishing or performance of the Work or any duty or authority to undertake 
responsibility contrary to the provisions of Paragraph 9.13. or 9.14. 


9.13. The ENGINEER will not be responsible for the CONTRACTOR's means, methods, techniques, sequences, or 
procedures of construction or the safety precautions and programs incident thereunto, and the ENGINEER will not 
be responsible for the CONTRACTOR's failure to perform or furnish the Work in accordance with the Contract 
Documents. 


9.14. The ENGINEER will not be responsible for the acts or omissions of the CONTRACTOR or of any Subcontractor, 
any Supplier, or of any other person or organization performing or furnishing any of the Work. 


ARTICLE 10--CHANGES IN THE WORK 


10.1. Without invalidating the Agreement and without notice to any Surety, the OWNER may, acting through the 
ENGINEER, at any time or from time to time, order additions, deletions, or revisions in the Work which will be 
authorized by a Written Amendment, a Work Change Directive, a Field Order, or a Change Order. Upon receipt of 
any such document, the CONTRACTOR shall promptly proceed with the Work involved that will be performed 
under the applicable conditions of the Contract Documents (except as otherwise specifically provided). 
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10.2. If requested by the ENGINEER through a Field Order or a Work Change Directive, the CONTRACTOR shall 
provide pricing to the ENGINEER for review through a Proposed Change Order. The CONTRACTOR, within 20 
days after receiving the Field Order or the Work Change Directive, shall provide the ENGINEER with a complete 
and itemized proposal which includes the estimated increase or decrease in the Contract Price attributable to the 
planned changes including any deductions for Work or materials that are no longer required as a result of the 
proposed change. The CONTRACTOR shall be responsible for any delays in the Work and any additional costs 
to the OWNER caused by the CONTRACTOR’s failure to submit a complete price proposal within the specified 
20 days.  


10.2.1.  It shall be the CONTRACTOR’s responsibility to verify that amounts already appropriated or otherwise 
made available for the Contract are sufficient to cover the entire cost of the Work. Any Work undertaken 
or performed in excess of the amount appropriated or otherwise made available is undertaken or 
performed in violation of the terms of the Contract, without the proper authorization, and at the 
CONTRACTOR’s own risk. 


10.3. If the ENGINEER and the CONTRACTOR are unable to agree as to the extent, if any, of an increase or decrease in 
the Contract Price or an extension or shortening of the Contract Time that should be allowed as a result of a Work 
Change Directive, a Claim may be made as provided in ARTICLE 11 or ARTICLE 12. The OWNER will reimburse 
the CONTRACTOR for the CONTRACTOR's costs on a monthly basis as set forth herein until a Change Order is 
finalized; however, in no instance is such payment due before the CONTRACTOR has submitted an estimate of the 
cost for the additional compensable Work to be performed. 


10.4. The CONTRACTOR shall not be entitled to an increase in the Contract Price or an extension of the Contract Time 
with respect to any Work performed that is not required by the Contract Documents as amended, modified, and 
supplemented as provided in Paragraphs 3.4. and 3.5., except in the case of an emergency as provided in 
Paragraph 6.22. and except in the case of uncovering Work as provided in Paragraphs 13.7. and 13.8. 


10.5. The OWNER and the CONTRACTOR will execute appropriate Change Orders (or Written Amendments) regarding: 


10.5.1. Changes in the Work that are ordered by the OWNER pursuant to Paragraph 10.1. and are required 
because of acceptance of Defective Work under Paragraph 13.12. or correcting Defective Work under 
Paragraph 13.13. or are agreed to by the parties; 


10.5.2. Changes in the Contract Price or Contract Time that are agreed to by the parties; and 


10.5.3. Changes in the Contract Price or Contract Time that embody the substance of any written decision 
pursuant to Paragraph 9.11. 


10.5.4 If the CONTRACTOR disagrees with the Construction Project Manager’s decision or considers that the 
decision requires extra Work, within 20 days, notify the Construction Project Manager in writing of the 
disagreement or of the claimed extra Work.  Failure of the CONTRACTOR to notify the Construction 
Project Manager within the said 20 days shall constitute a waiver of the CONTRACTOR’s right to 
thereafter assert claim resulting from such determination or decision. 


10.6. If notice of any change affecting the general scope of the Work or the provisions of the Contract Documents 
(including, but not limited to, Contract Price or Contract Time) is required by the provisions of any Bond to be given 
to a Surety, the giving of any such notice shall be the CONTRACTOR's responsibility and the amount of each 
applicable Bond will be adjusted accordingly. If specifically requested by the OWNER, a copy of each such notice to 
the Surety and evidence of adjustment of the bond amount shall be provided to the Construction Project Manager. 
Further, the OWNER may require such documentation prior to the OWNER’s payment to the CONTRACTOR of the 
amount of the bond premium. 


ARTICLE 11--CHANGE OF CONTRACT PRICE 


11.1. The Contract Price constitutes the total compensation (subject to authorized adjustments) payable to the 
CONTRACTOR for performing the Work. Duties, responsibilities, and obligations assigned to or undertaken by the 
CONTRACTOR shall be at its expense without a change in the Contract Price. 
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11.2. The Contract Price may only be changed by a Change Order or by a Written Amendment. Any Claim for an 
increase or decrease in the Contract Price shall be based on written notice delivered by the party making the Claim 
to the other party as set forth in ARTICLE 16. A CONTRACTOR’s request for a Change Order shall be addressed 
as such to the ENGINEER, and the request will not be considered a Claim. Based on the ENGINEER’s decision or 
lack of decision related to the CONTRACTOR’s request for a Change Order, the CONTRACTOR may subsequently 
present a Claim as set forth in ARTICLE 16.  


11.3. The value of any Work covered by a Change Order or of any Claim for an increase or decrease in the Contract 
Price shall be determined in one of the following ways: 


11.3.1. By application of unit prices to the quantities of the items involved where the Work involved is covered 
by unit prices contained in the Contract Documents (subject to the provisions of Paragraphs 11.9.1. 
through 11.9.3., inclusive). 


11.3.2. By mutual acceptance of a lump sum (which may include an estimate of overhead and profit not 
necessarily in accordance with Paragraph 11.6.2.1.) which, unless otherwise approved by the 
ENGINEER, will be supported by a detailed breakdown per Paragraphs 11.4 and 11.5. 


11.3.3. On the basis of the Cost of the Work (determined as provided in Paragraphs 11.4. and 11.5.) plus a 
CONTRACTOR's Mark-up for overhead and profit (determined as provided in Paragraphs 11.6. and 
11.7.). 


11.3.4. The CONTRACTOR has 20 days to submit the final pricing to the OWNER for proposed Change Orders 
once the Work is complete. If the CONTRACTOR fails to meet this timeframe for pricing submittal, the 
OWNER may reject the pricing and payment requests for the Work. It is the OWNER’s sole discretion to 
provide additional time for pricing the Work which will be done through written notification. 


Cost of The Work:  


11.4. The term Cost of the Work means the sum of costs necessarily incurred and paid by the CONTRACTOR in the 
proper performance of the Work. Except as otherwise may be agreed to, in writing, by the ENGINEER, such costs 
shall be in amounts no higher than those prevailing in the locality of the Project, shall include only the following 
items, and shall not include any of the costs itemized in Paragraph 11.5: 


11.4.1. Payroll costs for employees in the direct employ of the CONTRACTOR in the performance of the Work 
under schedules of job classifications agreed upon by the ENGINEER and the CONTRACTOR. The 
CONTRACTOR's Mark-up shall be limited to 10%. Payroll costs for employees not employed full-time 
on the Work shall be apportioned on the basis of their time spent on the Work. Payroll costs shall 
include, but shall not be limited to, salaries and wages plus the cost of fringe benefits, which shall 
include social security contributions, unemployment, excise and payroll taxes, workers' compensation, 
health and retirement benefits, bonuses, sick leave, and vacation and holiday pay applicable thereunto 
at actual cost. Worker’s compensation shall be net of premium discounts, dividends, and rebates. Such 
employees shall include superintendents and foremen at the site. The expenses of performing Work 
after regular working hours, on Saturday, Sunday, or legal holidays may not be included unless 
otherwise agreed to by the CONTRACTOR and the ENGINEER. The cost of training and safety that are 
directly related to the Project shall be paid. The cost of general training for the advancement of the 
employee or for the future benefit of the employee and/or the CONTRACTOR and not directly related to 
the Project shall not be paid. This change applies to other mentions of Paragraph 11.4. in its entirety in 
the Supplementary Conditions or the Agreement form. 


11.4.2. The cost of materials and equipment furnished and incorporated in the Work including the cost of 
transportation and the storage thereof and Suppliers' field services required in connection therewith. The 
CONTRACTOR's Mark-up shall be limited to 10%. Cash discounts shall accrue to the CONTRACTOR, 
unless the OWNER deposits funds with the CONTRACTOR with which to make payments, in which 
case the cash discounts shall accrue to the OWNER. Trade discounts, rebates and refunds, and returns 
from sale of surplus materials and equipment shall accrue to the OWNER, and the CONTRACTOR shall 
make provisions so that they may be obtained. 







GENERAL CONDITIONS 


(Continued) 


EFFECTIVE JANUARY 2014 GC-27 


11.4.3. Payments shall be made by the CONTRACTOR to the Subcontractors for Work performed by 
Subcontractors. The Subcontractor performing the Work shall be paid a mutually acceptable fixed Mark-
up as defined in Subparagraph 11.6.2.2. If required by the ENGINEER, the CONTRACTOR shall obtain 
competitive Bids from Subcontractors acceptable to the CONTRACTOR and shall deliver such Bids to 
the ENGINEER who will then determine which Bid(s) will be accepted. If a subcontract provides that the 
Subcontractor is to be paid on the basis of Cost of the Work Plus a Mark-up, the Subcontractor's Cost of 
the Work shall be determined in the same manner as the CONTRACTOR's Cost of the Work. 
Subcontracts shall be subject to the other provisions of the Contract Documents as applicable. 


11.4.4. Costs of the CONTRACTOR's Consultants (including, but not limited to, engineers, architects, testing 
laboratories, surveyors, and accountants) employed for services specifically related to the Work. 


11.4.5. Supplemental costs, including the following: 


11.4.5.1. The proportion of necessary transportation, travel, and subsistence expenses of the 
CONTRACTOR's employees incurred in the discharge of duties connected with the Work. 


11.4.5.2. Cost, including transportation and maintenance, of materials, supplies, equipment, 
machinery, appliances, office and temporary facilities at the site, and hand tools not owned 
by the workers, which are consumed in the performance of the Work and cost less market 
value of such items used, but not consumed, that remain the property of the 
CONTRACTOR. 


11.4.5.3. Rentals of construction equipment and machinery, and the parts thereof, to the extent they 
are used in the performance of the Work, whether rented from the CONTRACTOR or others 
and the costs of transportation, loading, unloading, installation, dismantling, and removal 
thereof, in accordance with terms of said rental agreements. The rental of any such 
equipment, machinery, or parts shall cease when the use thereof is no longer necessary for 
the Work. 


11.4.5.4. Sales, consumer, use, or similar taxes related to the Work, for which the CONTRACTOR is 
liable, imposed by Laws or Regulations. 


11.4.5.5. Deposits lost for causes other than the negligence of the CONTRACTOR, any 
Subcontractor, anyone directly or indirectly employed by them, or for whose acts any of them 
may be liable, and royalty payments and costs for permits and licenses. 


11.4.5.6. Losses and damages (and related expenses) that are not compensated by insurance or 
otherwise, to the Work or otherwise reasonably sustained by the CONTRACTOR in 
connection with the performance and furnishing of the Work (except losses and damages 
within the deductible amounts of property insurance established by the Owner in accordance 
with ARTICLE 5), provided they have resulted from causes other than the negligence of the 
CONTRACTOR, any Subcontractor, anyone directly or indirectly employed by any of them 
or for whose acts they may be liable. Such losses shall include settlements made with the 
written consent and approval of the ENGINEER. No such losses, damages, and expenses 
shall be included in the Cost of the Work for the purpose of determining the 
CONTRACTOR's Mark-up. If, however, any such loss or damage requires reconstruction 
and the CONTRACTOR is placed in charge thereof, the CONTRACTOR will be paid for 
services a Mark-up proportionate to that stated in Paragraph 11.6.2. 


11.4.5.7. The cost of utilities, fuel, and sanitary facilities at the site. 


11.4.5.8. Cost of premiums for additional Bonds and Insurance required because of changes in the 
Work and premiums for property insurance coverage within the limits of the deductible 
amounts established in accordance with ARTICLE 5. 


11.5. Except as may be set forth in the documentation establishing the GMP for CMAR and CM/GC Contracts, the term 
Cost of the Work shall not include any of the following: 


11.5.1. Payroll costs and other compensation of the CONTRACTOR's officers, executives, principals (of 
partnerships and sole proprietorships), general managers, engineers, architects, estimators, attorneys, 
auditors, accountants, purchasing and contracting agents, expediters, timekeepers, clerks, and other 
personnel employed by the CONTRACTOR whether at the site or in the CONTRACTOR's principal or a 
branch office for general administration of the Work and not specifically included in the agreed-upon 
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schedule of job classifications referred to in Paragraph 11.4.1. or specifically covered by 11.4.4., all of 
which are to be considered administrative costs covered by the CONTRACTOR's Mark-up. 


11.5.2. Expenses of the CONTRACTOR's principal and branch offices other than the CONTRACTOR's office at 
the site. 


11.5.3. Any part of the CONTRACTOR's capital expenses, including interest on the CONTRACTOR's capital 
employed for the Work and charges against the CONTRACTOR for delinquent payments. 


11.5.4. Costs due to the negligence of the CONTRACTOR, any Subcontractor, anyone directly or indirectly 
employed by them, or for whose acts any of them may be liable including, but not limited to, the 
correction of Defective Work, the disposal of materials or equipment wrongly supplied, and making good 
any damage to property. 


11.5.5. Other overhead or general expense costs of any kind including information technology and general 
accounting expenses, extended overhead, and the costs of any item not specifically and expressly 
included in Paragraph 11.4. 


CONTRACTOR's Mark-up:  


11.6. Except as may be set forth in the documentation establishing the GMP for a CMAR or CM/GC Contract, the 
CONTRACTOR's Mark-up allowed to the CONTRACTOR for overhead and profit shall be one of the following two 
alternatives: 


11.6.1. A mutually acceptable fixed Mark-up as determined through the negotiation and acceptance of the 
CMAR or CM/GC Proposal; or 


11.6.2. If no fixed Mark-up is mutually acceptable, a Mark-up based on the following percentages of the various 
portions of the Cost of the Work: 


11.6.2.1. for costs incurred under Paragraphs 11.4.1. and 11.4.2., the CONTRACTOR's Mark-up shall 
be limited to 10%; 


11.6.2.2. for costs incurred under Paragraph 11.4.3., the Subcontractor performing the Work shall be 
paid a mutually acceptable fixed Mark-up; or, if directed by the ENGINEER, the Cost of the 
Work plus a maximum of 10% for overhead and profit; this shall be defined as 
‘Subcontractor Total Payment’. The CONTRACTOR's Mark-up shall total 5% of the 
Subcontractor Total Payment. No additional overhead and profit shall be paid to the 
CONTRACTOR. There shall be no payment of Mark-ups to intermediate tiers; 


11.6.2.3. No additional Mark-up is allowed for small tools, safety programs, or other similar 
CONTRACTOR programs or activities. These activities, programs, and their costs are to be 
included in the Mark-up or option agreed to above; 


11.6.2.4. The amount of credit to be allowed by the CONTRACTOR to the OWNER for any change 
that results in a net decrease in cost will be the amount of the actual net decrease; and 


11.6.2.5. When both additions and credits are involved in any one change, the adjustment in the 
CONTRACTOR's Mark-up shall be computed on the basis of the net change in accordance 
with Paragraphs 11.6.2.1. through 11.6.2.4., inclusive. 


11.7. Whenever the cost of any Work is to be determined pursuant to Paragraph 11.4. or 11.5., the CONTRACTOR shall 
submit to the Construction Project Manager an itemized cost breakdown with supporting data. 


Hierarchical Tiers:  


11.8. Except as may be set forth in the documentation establishing the GMP for a CMAR or CM/GC Contract, regardless 
of the number of Subcontractors, (reference 11.6.2.2.), the 5% increase above the Subcontractor's total cost, which 
includes allowances for overhead and profit, may be applied one time only for each separate Work transaction. 
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11.9. Unit Price Work:  


11.9.1. Where the Contract Documents provide that all or part of the Work is to be Unit Price Work, initially the 
Contract Price shall be deemed to include for Unit Price Work an amount equal to the sum of the 
established unit prices for each separately identified item of Unit Price Work times the estimated quantity 
of each item as indicated in the Agreement. The estimated quantities of items of Unit Price Work are not 
guaranteed and are solely for the purpose of comparison of Bids and determining an initial Contract 
Price. Determinations of the actual quantities and classifications of Unit Price Work performed by the 
CONTRACTOR shall be made in accordance with Paragraph 9.10. 


11.9.2. Each unit price shall be deemed to include an amount considered by the CONTRACTOR to be 
adequate to cover the CONTRACTOR's overhead and profit for each separately identified item. 


11.9.3. If the actual quantity of any item of Unit Price Work varies by more than 25% above or below the 
estimated quantity, an equitable adjustment in the Contract Price shall be made upon the request of the 
CONTRACTOR or the OWNER. The equitable adjustment shall be based upon any increase or 
decrease in costs due solely to the variation above 125% or below 75% of the estimated quantity. If the 
quantity variation is such as to cause an increase in the time necessary for completion, the 
CONTRACTOR may request, in writing, an extension of time in accordance with ARTICLE 12. 


ARTICLE 12--CHANGE OF CONTRACT TIME 


12.1. The Contract Time, or Milestones, may only be changed by a Change Order or a Written Amendment. Any Claim 
for an extension or shortening of the Contract Time (or Milestones) shall be made as set forth in ARTICLE 16. 


12.2. Time is of the essence with regard to time limits stated in the Contract Documents. 


12.3. Where the CONTRACTOR is prevented from completing any part of the Work within the Contract Time, or 
Milestones, due to delay beyond the control of the CONTRACTOR, the Contract Time, or Milestones, will be 
extended in an amount equal to the time lost due to such delay if CONTRACTOR requests a Change Order as set 
forth in ARTICLE 10.5.2. Delays beyond the control of the CONTRACTOR will include, but are not limited to, acts or 
neglect by the OWNER or other contractors performing other Work as contemplated by ARTICLE 7, fires, floods, 
epidemics, unusually severe weather conditions in excess of those provided for in the specifications, or acts of God. 
Delays attributable to and within the control of a Subcontractor or Supplier shall be deemed to be delays within the 
control of the CONTRACTOR. An extension of Contract Time shall be the CONTRACTOR's sole and exclusive 
remedy for delay unless acts or omissions of the OWNER or the ENGINEER caused said delay. In no event shall 
the OWNER be liable to the CONTRACTOR, any Subcontractor, any Supplier, any other person or organization, or 
to any Surety for or employee or agent of any of them, for damages not actually incurred or for damages arising out 
of or resulting from (i) delays not caused by the OWNER or the ENGINEER or (ii) delays beyond the control of both 
parties including, but not limited to, fires, floods, epidemics, unusually severe weather conditions, acts of God, or 
acts or neglect by utility owners or other contractors performing other Work as contemplated by ARTICLE 7. 


In addition to the requirements of ARTICLE 16, any CONTRACTOR claim for an extension of Contract Time due to 
unusually severe weather conditions shall be in accordance with the requirements of SECTION 01 32 16 – Cost 
Loaded Schedule. 


ARTICLE 13--TESTS AND INSPECTIONS; CORRECTION, REMOVAL, OR ACCEPTANCE OF DEFECTIVE WORK 


Notice of Defects:  


13.1. The ENGINEER will deliver to the CONTRACTOR prompt notice of known defects in the Work. Defective Work, 
whether or not in place, may be rejected, corrected, or accepted as provided in this Article. 


Access to Work:  


13.2. The ENGINEER and other representatives of the OWNER, including the OWNER's Consultant, testing agencies, 
and governmental agencies with jurisdictional interests shall have access to the Work at reasonable times for their 
observation, inspecting and testing. The CONTRACTOR shall provide proper and safe conditions for such access. 


Tests and Inspections:  


13.3. The CONTRACTOR shall give the ENGINEER timely notice, at least 48 hours unless otherwise specified in the 
Contract Documents, of readiness of the Work for required inspections, tests, or approvals, unless the ENGINEER, 
in writing, deems that additional time for notice is required. 
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13.4. If the Laws or Regulations of any public body having jurisdiction require any Work (or a part thereof) to specifically 
be inspected, tested, or approved, the CONTRACTOR shall assume full responsibility, paying costs in connection 
therewith and furnishing the ENGINEER with the required certificates of inspection, testing, or approval. The 
CONTRACTOR shall also be responsible for and shall pay costs in connection with any inspection or testing 
required in connection with the ENGINEER's acceptance of a Supplier of materials or equipment proposed to be 
incorporated in the Work or of materials or equipment submitted for approval prior to the CONTRACTOR's 
purchase thereof for incorporation in the Work. The cost of inspections, tests, and approvals, in addition to those 
listed, which are required by the Contract Documents, will be paid by the OWNER (unless otherwise specified). 


13.5. Inspections, tests, or approvals other than those required by the Laws or Regulations of any public body having 
jurisdiction shall be performed by organizations acceptable to the ENGINEER and the CONTRACTOR. Materials 
testing by the ENGINEER is for the benefit of the OWNER and is intended for verifying compliance with the 
Contract Documents. Any additional testing shall be performed by the CONTRACTOR. 


13.6. Neither observations by the ENGINEER nor inspections, tests, or approvals by others shall relieve the 
CONTRACTOR from the CONTRACTOR's obligations to perform the Work in accordance with the Contract 
Documents. 


Uncovering Work:  


13.7. If any Work (including the Work of others) that is to be inspected, tested, or approved is covered without the written 
authorization of the ENGINEER, it must be uncovered for observation if requested by the ENGINEER. Such 
uncovering and subsequent replacement shall be at the CONTRACTOR's expense unless the CONTRACTOR has 
given the Construction Project Manager timely notice of the CONTRACTOR's intention to cover the Work and the 
ENGINEER has failed to act with reasonable promptness in response to such notice. The cost for compensating the 
ENGINEER for any additional professional services required including retesting and as specified in Paragraph 
13.10, shall be at the CONTRACTOR’s sole expense, if: 


a. The exposed Work or material proves to be defective, or 


b. The exposed Work or material was placed without authority or due notice to the ENGINEER. 


If the exposed Work proves to be acceptable and the CONTRACTOR had performed the original Work with the 
authority of and due notice to the ENGINEER, payment will be made by OWNER as extra Work for all costs 
associated with the uncovering, removing, and restoration and the Contract Time will be adjusted. 


Where Work is required to be performed on any facility of a public agency, railroad, or utility, or to the satisfaction 
of any Federal, State, County, or Municipal Agency, their representatives shall be permitted to inspect the Work 
when the CONTRACTOR is advised by the ENGINEER to permit them to do so. The CONTRACTOR agrees 
that such inspection shall not make such representatives a party to the Contract, nor shall it constitute an 
interference with the rights of the OWNER or the CONTRACTOR. 


13.8. If the ENGINEER has issued a written authorization allowing the CONTRACTOR's written request for the covering 
of Work (including the Work of others) in accordance with the provisions of Paragraph 13.7., and the ENGINEER 
later considers it necessary or advisable that said covered Work be observed by the ENGINEER or inspected or 
tested by others, the CONTRACTOR, at the ENGINEER's written request, shall uncover, expose, or otherwise 
make available for observation, inspection, or testing as the ENGINEER may require, that portion of the Work in 
question, furnishing necessary labor, material, and equipment. If it is found that such Work is Defective, the 
CONTRACTOR shall bear direct, indirect, and consequential costs of such uncovering, exposure, observation, 
inspection, testing, and of satisfactory reconstruction (including, but not limited to, charges of engineers, architects, 
attorneys, and other professionals), and the OWNER shall be entitled to an appropriate decrease in the Contract 
Price; if the parties are unable to agree as to the amount thereof, the ENGINEER will make the determination and 
the CONTRACTOR may dispute such through a Claim as provided for in ARTICLE 16. If, however, such Work is 
not found to be Defective, the CONTRACTOR may be allowed an increase in the Contract Price or an extension of 
the Contract Time, or both, directly attributable to such uncovering, exposure, observation, inspection, testing, and 
reconstruction; if the parties are unable to agree as to the amount or extent thereof, the CONTRACTOR may make 
a Claim as provided for in ARTICLE 16. 


OWNER May Stop The Work:  


13.9. If the Work is Defective, or the CONTRACTOR fails to supply sufficient skilled workers, suitable materials, or 
equipment or fails to furnish or perform the Work in such a way that the completed Work will conform to the 
Contract Documents, the ENGINEER may order the CONTRACTOR to stop the Work, or any portion thereof, until 
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the cause for such order has been eliminated. However, this right of the OWNER to stop the Work shall not give 
rise to any duty on the part of the OWNER, acting through the ENGINEER, to exercise this right for the benefit of 
the CONTRACTOR or any other party. 


Correction or Removal of Defective Work:  


13.10. If required by the ENGINEER, the CONTRACTOR shall promptly, as directed, either correct Defective Work, 
whether or not fabricated, installed or completed, or, if the Work has been rejected by the ENGINEER, remove it 
from the site and replace it with non-Defective Work. The CONTRACTOR shall bear direct, indirect, and 
consequential costs of such correction or removal (including, but not limited to, charges of engineers, architects, 
attorneys, and other professionals) made necessary thereby. These charges will be deducted from the Contract by 
deductive Change Order.   


Defective Work also includes Work done beyond lines and grades shown in the Drawings or established by the 
ENGINEER, or extra Work and materials furnished without written approval of the ENGINEER will be considered 
Defective Work or unauthorized Work as applicable. Such Work shall be at the CONTRACTOR’s risk and sole 
expense and may be rejected, even if the Work has been inspected or a progress estimate is made for payment. 


Upon order of the ENGINEER, such Work or material shall immediately be remedied, removed, replaced, or 
disposed of and all costs, including retesting costs as applicable, associated with such Work shall be at the 
CONTRACTOR’s sole expense. Such laboratory retesting costs of replaced or reconstructed Work or material 
will be charged to the CONTRACTOR at $200 per test to cover site visit and retest expenses. Such tests could 
include: field soil density reading, concrete pavement coring, asphalt pavement coring, soil/aggregate sieve 
analysis, moisture-density curve, L. A. abrasion, soundness, organic content, epoxy pull out test, asphalt 
concrete sieve analysis, asphalt concrete binder content, and asphalt concrete air void analysis (VA). 


Failure on the part of the ENGINEER to reject Defective Work or unauthorized Work shall not release the 
CONTRACTOR from the CONTRACTOR’s contractual obligations, be constructed to mean acceptance of such 
Work or material by the OWNER, or, after the Completion Date, bar the OWNER from recovering damages or 
obtaining such other remedies as may be permitted by law. 


No adjustment in the Contract Time or compensation will be allowed because of delays in the performance of the 
Work as a result of correcting Defective Work or unauthorized Work. 


13.11. One-Year Correction Period:  


13.11.1. If any Work is found to be Defective within one year after the date of Substantial Completion or such 
longer period of time as may be prescribed by Laws or Regulations, by the terms of any applicable 
special guarantee required by the Contract Documents, or by any specific provision of the Contract 
Documents, the CONTRACTOR shall promptly, without cost to the OWNER and in accordance with the 
OWNER's written instructions, (i) correct such Defective Work, or, if it has been rejected by the 
OWNER, remove it from the site and replace it with Work that is not Defective, and (ii) satisfactorily 
correct or remove and replace any damage to other work or the work of others resulting therefrom. If the 
CONTRACTOR does not promptly comply with the terms of such instructions, or in the event of an 
emergency where delay would cause serious risk of loss or damage, the OWNER may have the 
Defective Work corrected or removed and replaced, and Claims, costs, losses, and damages caused by 
or resulting from such removal and replacement (including, but not limited to, costs of repair or 
replacement of the work of others) shall be paid by the CONTRACTOR. 


13.11.2. In special circumstances where a particular item of equipment is placed in continuous service before the 
Substantial Completion of the Work, the correction period for that item may run from an earlier date if so 
provided in the Specifications or by Written Amendment. 


13.11.3. Where Defective Work (and damage to other Work resulting therefrom) has been corrected, removed, 
or replaced, the correction period hereunder with respect to such Work will be extended for an additional 
period of one year after such correction or removal and replacement has been satisfactorily completed. 


13.11.4. Where notification of Defective Work has been given prior to the expiration of the one year warranty 
period, and correction is not performed by the date of expiration, the CONTRACTOR shall be held 
responsible for the correction of such defects. 
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Acceptance of Defective Work:  


13.12. If the ENGINEER (prior to recommendation of final payment) prefers to accept the Work instead of requiring the 
correction or removal and replacement of Defective Work, the ENGINEER may do so. The CONTRACTOR shall 
bear reasonable direct, indirect, and consequential costs attributable to the ENGINEER's evaluation of and 
determination to accept such Defective Work (such costs to be approved by the ENGINEER as to reasonableness 
and to include, but not be limited to, charges of engineers, architects, attorneys, and other professionals). If any 
such acceptance occurs prior to the final payment, the ENGINEER will provide written notice of said costs to the 
CONTRACTOR and prepare a proposed Change Order that incorporates the necessary revisions in the Contract 
Documents and decreases the Contract Price accordingly. If the parties are unable to agree as to the amount 
thereof, these charges will be deducted from the Contract by deductive Change Order, and the CONTRACTOR 
may initiate a claim thereafter as set forth in ARTICLE 16. If the acceptance occurs after the final payment, then an 
appropriate amount shall be paid by the CONTRACTOR to the OWNER. 


OWNER May Correct Defective Work:  


13.13. If the CONTRACTOR fails to correct Defective Work or to remove and replace rejected Work as required by the 
ENGINEER in accordance with Paragraph 13.10., or fails to perform the Work in accordance with the Contract 
Documents, or fails to comply with any other provision of the Contract Documents within a reasonable time after 
receiving written notice from the ENGINEER, the OWNER, acting through the ENGINEER, may, after 7 days written 
notice to the CONTRACTOR, correct and remedy any such deficiency. In exercising the rights and remedies under 
this Paragraph the OWNER will proceed expeditiously. To the extent necessary to complete corrective and 
remedial action, the OWNER may exclude the CONTRACTOR from all or part of the site, take possession of all or 
part of the Work, and suspend the CONTRACTOR's services related thereunto. In addition, the OWNER may take 
possession of the CONTRACTOR's tools, appliances, construction equipment, and machinery at the site and 
incorporate in the Work materials and equipment stored at the site or for which the OWNER has paid the 
CONTRACTOR but which are stored elsewhere. The CONTRACTOR shall allow the OWNER, the OWNER's 
representatives, agents, and employees such access to the site as may be necessary to enable the OWNER to 
exercise the rights and remedies under this Paragraph. Direct, indirect, and consequential costs of the OWNER in 
exercising such rights and remedies shall be charged against the CONTRACTOR and a Change Order will be 
issued by the ENGINEER incorporating the necessary revisions in the Contract Documents with respect to the 
Work. The OWNER shall be entitled to an appropriate decrease in the Contract Price. If the parties are unable to 
agree as to the amount of the decrease, these charges will be deducted from the Contract by deductive Change 
Order, and the CONTRACTOR may initiate a claim thereafter as set forth in ARTICLE 16. Such direct, indirect, and 
consequential costs will include, but not be limited to, charges of engineers, architects, attorneys, and other 
professionals, court proceedings and other alternative dispute resolution costs and costs of repair and replacement 
of the Work of others that is destroyed or damaged by the correction, removal, or replacement of the 
CONTRACTOR's Defective Work. The CONTRACTOR shall not be allowed an extension of the Contract Time 
because of any delay in performance of the Work attributable to the exercise by the OWNER of its rights and 
remedies hereunder. 


ARTICLE 14--PAYMENTS TO CONTRACTOR AND COMPLETION 


Progress Payments:  


14.1. On or before the 20th day of each calendar month, submit to the Construction Project Manager a Draft Partial 
Payment Application on the OWNER’s template.  This Draft shall be based upon the CLS as provided in Paragraph 
2.6.1. Progress payments relating to Unit Price Work will be based on the number of units completed. This Draft 
shall be based upon the quantity of Work performed and completed during the payment period, which is defined as 
the 21st day of the preceding calendar month through the end of the 20th day of the current calendar month. The 
Draft shall also conform to Paragraph 14.2.1. 


14.2. If the Construction Project Manager agrees with the CONTRACTOR’s Draft Partial Payment Application, the 
ENGINEER will, within 10 days after the receipt of such Draft, issue a preliminary approval or denial of such Draft.  


Preliminary approval by the ENGINEER of the Draft Partial Payment Application will occur as follows. The 
Construction Project Manager will fill out and sign two duplicate, preliminary copies of the Partial Payment 
Application form and attach any supporting documentation required by the Contract Documents that the 
CONTRACTOR has provided to the Construction Project Manager. The Construction Project Manager will then 
present the duplicate Partial Payment Applications to the CONTRACTOR for the CONTRACTOR’S signature. The 
CONTRACTOR shall sign both copies of the Partial Payment Application and return them to the Construction 
Project Manager for final approval and processing of payment by the ENGINEER. The CONTRACTOR shall sign 
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the duplicates of the Partial Payment Application prior to the 30th day of each month to ensure timely payment. 
Payment to the CONTRACTOR typically occurs on the third Thursday of each calendar month. 


Preliminary denial of the CONTRACTOR’s Draft Partial Payment Application and any denial of final approval of the 
Partial Payment Application by the ENGINEER will occur as follows. The ENGINEER will provide to the 
CONTRACTOR a written explanation of the portion denied and the basis for such denial which will be based upon 
the reasons set forth in this Article. The CONTRACTOR may then accept payment for approved portions while 
electing to resubmit any denied portions or initiate a Claim for denied portions as provided in ARTICLE 16. 


Necessary Documentation:  


14.2.1. The CONTRACTOR’s Draft Partial Payment Application shall be accompanied by the documentation 
specified herein. 


If payment is requested for materials and equipment not incorporated in the Work but delivered and 
suitably stored at the site or at a bonded warehouse agreed to in writing, the Partial Payment Application 
shall be accompanied by evidence of the OWNER's title to the material and equipment and evidence of 
sufficient insurance. (Note: Payments for such materials and equipment shall be at the sole discretion of 
the ENGINEER, shall be based only upon the actual cost of the materials and equipment to the 
CONTRACTOR as listed in the CLS, and shall not include any overhead or profit to the 
CONTRACTOR.) 


Each Partial Payment Application shall be accompanied by the CONTRACTOR's updated CLS and 
other data specified in the Contract Documents or reasonably required by the ENGINEER. 


ENGINEER’S Review and Approval of Partial Payment Applications:  


14.3. The ENGINEER's approval of any payment will constitute a representation by the ENGINEER, based on the 
ENGINEER's on-site observations of the Work in progress and on the ENGINEER's review of the Partial Payment 
Application and the accompanying data and schedules, that the Work has progressed to the point indicated, that, to 
the best of the ENGINEER's knowledge, information, and belief, the quality of the Work is in accordance with the 
Contract Documents (subject to an evaluation of the Work as a functioning whole prior to or upon Substantial 
Completion, subject to the results of any subsequent tests called for in the Contract Documents, subject to a final 
determination of quantities and classifications for Unit Price Work under Paragraph 9.10., and subject to any other 
qualifications stated in the recommendation), and that the CONTRACTOR is entitled to payment of the amount 
recommended. However, by approving any such payment, the ENGINEER will not thereby be deemed to have 
represented that exhaustive or continuous on-site inspections have been made to check the quality or the quantity 
of the Work beyond the responsibilities specifically assigned to the ENGINEER in the Contract Documents or that 
there may not be other matters or issues between the parties that might entitle the CONTRACTOR to be paid 
additionally by the OWNER or the OWNER to withhold payment or receive a credit from the CONTRACTOR. 


14.4. The ENGINEER's recommendation of a final Partial Payment Application will constitute an additional representation 
by the ENGINEER to the OWNER that the conditions indicated in Paragraph 14.13. have been fulfilled.  


14.5. The ENGINEER may refuse to approve the whole payment, or any part thereof, if, in the ENGINEER's opinion, it 
would be incorrect to make the representations to the OWNER that are referenced in the preceding Paragraphs. 
The ENGINEER may also refuse to approve any such payment, or, because of subsequently discovered evidence 
or the results of subsequent inspections or tests, may nullify any such payment previously approved to the extent 
necessary to protect the OWNER from loss because: 


14.5.1. the Work is Defective, or the completed Work has been damaged requiring correction or replacement 
thereof; 


14.5.2. the Contract Price has been reduced by Written Amendment or Change Order; 


14.5.3. the OWNER has been required to correct Defective Work or complete Work in accordance with 
Paragraph 13.14.; 


14.5.4. of the occurrence of any of the events enumerated in Paragraphs 15.2.1. through 15.2.9., inclusive; 


14.5.5. the ENGINEER has reason to believe that a Claim or lien relating to the Work has been or will be filed 
against the CONTRACTOR; 
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14.5.6. the ENGINEER has reason to believe insufficient competitive pricing was utilized in the development of 
the Partial Payment Application. 


The ENGINEER may also refuse to approve a Partial Payment Application because claims have been made 
against the OWNER and/or the CONTRACTOR on account of the CONTRACTOR's performance or furnishing of 
the Work, liens have been filed in connection with the Work, or there are other items entitling the OWNER to a 
set-off against the amount for which the CONTRACTOR applied. However, the OWNER must give the 
CONTRACTOR immediate written notice stating the reasons for such action. 


Retainage:  


14.6. Retainage from progress payments shall be withheld as stated in the Agreement. Any such funds so retained shall 
not be subject to substitution by the CONTRACTOR with securities or any arrangements involving an escrow or 
custodianship, except as allowed by Colorado Revised Statutes, § 38-26-108, et seq. The OWNER further reserves 
the right to apply retainage not subject to verified claims of subcontractors and suppliers to any liquidated damages 
due to the OWNER and to 150% of the costs estimated by the ENGINEER to remedy incomplete or Defective 
Work. By executing the Agreement form, the CONTRACTOR expressly waives its right to any entitlement to the 
benefits of the provisions of Colorado Revised Statutes, § 24-91-101, et seq.  


CONTRACTOR's Warranty of Title:  


14.7. The CONTRACTOR warrants and guarantees that title to Work, materials, and equipment covered in any Partial 
Payment Application, whether incorporated in the Project or not, shall pass to the OWNER no later than the time of 
payment and shall be free and clear of liens. 


Substantial Completion:  


14.8. When the CONTRACTOR considers the entire Work ready for its intended use, the CONTRACTOR shall notify the 
Construction Project Manager, in writing, that the entire Work is substantially complete (except for items specifically 
listed by the CONTRACTOR as incomplete) and shall request that the ENGINEER issue a letter certifying 
Substantial Completion.   


To be considered substantially complete the following conditions shall be met: 


a. The OWNER must have full and unrestricted use and benefit of the facilities, both from an operational and 
safety standpoint including: 


1) The degree of completion of the Project’s operating facilities or systems are sufficient to provide the 
OWNER the full-time, uninterrupted, continuous beneficial operation of the Work. 


2) All required functional, performance, acceptance, and startup testing has been successfully demonstrated 
for components, devices, equipment, instrumentation, and control to the satisfaction of the ENGINEER in 
accordance with the requirements of the Specifications. 


3) Required inspections have been completed and any identified conditions corrected. 


b. Only minor incidental Work, replacement of temporary substitute facilities, or corrective or repair Work remains 
to reach Final Completion of the Work. 


c. Conformance with training service requirements. 


d. Correction of state, local, and other regulatory agencies defective work list. 


e. Submittals have been received and approved by the ENGINEER.  These include, but are not limited to:  


1) Record documents. 


2) Operation and maintenance manuals including service and maintenance agreements. 


3) Equipment data forms. 


4) Manufacturer’s certificates of proper installation. 


5) Factory test reports. 
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f. All special accessories have been provided that are required to place each item of equipment in full     
operation.  These special accessory items include, but are not limited to, specified spare parts, test equipment, 
adequate oil and grease or other lubrication, air filters, light bulbs, fuses, special tools, valve operators, and 
other expendable items required for the startup and operation of the operating facilities or systems as a whole. 


g. All additional warranty or insurance coverage requirements have been provided. 


The CONTRACTOR’s request shall list the specific items of Work regarding the conditions listed above that remain 
to be completed to reach Final Completion. 


Within a reasonable time thereafter, the CONTRACTOR and the ENGINEER will make an inspection of the Work to 
determine the status of completion.  If the ENGINEER does not consider the Work to be substantially complete, the 
ENGINEER will notify the CONTRACTOR, in writing, stating the reasons for such; any disputes regarding this 
determination shall be resolved as set forth in ARTICLE 16.  


If, after this inspection, the ENGINEER does not consider the Work substantially complete, the ENGINEER will, by 
written notice, so notify the CONTRACTOR giving the reasons therefore. 


If the ENGINEER considers the Work to be substantially complete, the ENGINEER will prepare and deliver to the 
CONTRACTOR a letter certifying Substantial Completion, which shall fix the date of Substantial Completion.  At the 
time of delivery of the letter certifying Substantial Completion, the ENGINEER will deliver to the CONTRACTOR a 
written statement as to division of responsibilities pending final payment between the OWNER and the 
CONTRACTOR with respect to security, operation, safety, maintenance, heat, utilities, insurance, and warranties.  
The ENGINEER's letter will be binding on the OWNER and the CONTRACTOR until final payment. 


Upon receipt of written notice concurring in or denying Substantial Completion, whichever is applicable, the 
CONTRACTOR shall pursue vigorously, diligently, and without unauthorized interruption, the Work necessary to 
reach Substantial and/or Final Completion.  The CONTRACTOR shall provide the ENGINEER with a revised critical 
path schedule indicating when the CONTRACTOR expects to reach Substantial and/or Final Completion of the 
Work. 


The above process shall be repeated until the ENGINEER establishes the Substantial Completion Date. 


The ENGINEER may also establish the Substantial Completion Date unilaterally. 


14.9. The OWNER shall have the right to exclude the CONTRACTOR from certain portions of the Work after the date of 
Substantial Completion; however, the OWNER will allow the CONTRACTOR reasonable access to complete the 
remainder of the Work. 


Partial Utilization:  


14.10. Use by the OWNER of any finished part of the Work, which has specifically been identified in the Contract 
Documents or which the ENGINEER and the CONTRACTOR agree constitutes a separately functioning and usable 
part of the Work that can be used by the OWNER without significant interference with the CONTRACTOR's 
performance of the remainder of the Work, may be accomplished prior to Substantial Completion of the Work 
subject to the following: 


14.10.1. The ENGINEER may, at any time, request that the CONTRACTOR, in writing, permit the OWNER to 
use any such part of the Work that the ENGINEER believes to be ready for its intended use and 
substantially complete. If the CONTRACTOR agrees, the CONTRACTOR shall certify to the 
ENGINEER that said part of the Work is substantially complete and request that the ENGINEER issue a 
letter certifying Substantial Completion for that part of the Work. The CONTRACTOR may, at any time, 
notify the ENGINEER, in writing, that the CONTRACTOR considers any such part of the Work ready for 
its intended use and substantially complete and request that the ENGINEER issue a letter certifying 
Substantial Completion for that part of the Work. Within a reasonable time after either party makes such 
a request, the CONTRACTOR and the ENGINEER shall make an inspection of that part of the Work to 
determine its status of completion. If the ENGINEER does not consider that part of the Work to be 
substantially complete, the ENGINEER will notify the CONTRACTOR, in writing, stating the reasons for 
such. If the ENGINEER considers that part of the Work to be substantially complete, the provisions of 
Paragraphs 14.9. and 14.10. will apply with respect to the letter certifying Substantial Completion of that 
part of the Work and the division of responsibility in respect thereof and access thereunto. Prior to the 
Substantial Completion of Work, the OWNER reserves the right to refuse to grant the CONTRACTOR's 
requests for letters of Substantial Completion for portions of the Work that the CONTRACTOR 
considers substantially complete. 
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14.10.2. The ENGINEER may, at any time, request that the CONTRACTOR, in writing, permit the OWNER to 
take over the operation of any such part of the Work although it is not substantially complete. Within a 
reasonable time thereafter, the CONTRACTOR and the ENGINEER shall make an inspection of that 
part of the Work to determine its status of completion and the ENGINEER will prepare a list of the items 
remaining to be completed or corrected thereon before final payment. If the CONTRACTOR does not 
object, in writing, to the ENGINEER, that such part of the Work is not ready for separate operation by 
the OWNER, the ENGINEER will finalize a punchlist of items to be completed or corrected and will 
deliver such punchlist to the CONTRACTOR together with a written statement as to the division of 
responsibilities pending final payment between the OWNER and the CONTRACTOR with respect to 
security, operation, safety, maintenance, utilities, insurance, warranties, and guarantees for that part of 
the Work which will become binding upon the OWNER and the CONTRACTOR at the time when the 
OWNER takes over such operation (unless they shall have otherwise agreed, in writing, and so 
informed the ENGINEER). During such operation and prior to Substantial Completion of such part of the 
Work, the OWNER will allow the CONTRACTOR reasonable access to complete or correct such items 
on said list and to complete other related Work. 


14.10.3. No occupancy or separate operation of part of the Work will be accomplished prior to compliance with 
the requirements of ARTICLE 5 in respect to property insurance. 


Final Inspection and Final Completion:  


14.11. Upon written notice from the CONTRACTOR that the entire Work or an agreed-upon portion thereof is complete, 
the ENGINEER will make a final inspection with the CONTRACTOR and will notify the CONTRACTOR, in writing, 
of particulars in which this inspection reveals that the Work is incomplete or Defective. The CONTRACTOR shall 
immediately take such measures as are necessary to remedy such deficiencies. 


The final inspection and Final Completion shall include final cleanup as stated in the specifications, providing the 
ENGINEER with all required Submittals and operation and maintenance manuals, and completing operational 
testing, associated documentation, and all extra Work ordered by the ENGINEER as included in the Contract. If 
the ENGINEER believes a written release from a private property owner is being arbitrarily withheld, the 
ENGINEER may, at its sole discretion, accept that portion of the Work involved. 


If action to correct the listed deficiencies is not initiated within 7 days after receipt of the written notice listing the 
deficiencies, the ENGINEER may, upon written notice to the CONTRACTOR, correct Defective Work per 
ARTICLE 13.13. The CONTRACTOR will not be allowed an extension of Contract Time because of a delay in 
the performance of the Work attributable to the exercise of the ENGINEER’s right hereunder. 


Upon correction of all deficiencies, the ENGINEER will notify the CONTRACTOR and the OWNER, in writing, of 
the date upon which the Work was considered finally complete. That date shall constitute the Final Completion 
Date of the Contract but shall not imply all the obligations of the CONTRACTOR under the Contract have been 
fulfilled. 


Application for Final Payment:  


14.12. After the CONTRACTOR has completed all corrections to the satisfaction of the ENGINEER and delivered all 
maintenance and operating instructions, occupancy permits, schedules, guarantees, Bonds, certificates of 
inspection, marked-up record documents (as provided in Paragraph 6.18.), and other documents and permits as 
required by the Contract Documents, and after the ENGINEER has indicated that the Work is acceptable (subject to 
the provisions of Paragraph 14.16.), the CONTRACTOR may make application for final payment following the 
procedure for progress payments set forth above. The application for final payment shall be accompanied by all 
documentation called for in the Contract Documents, together with complete and legally effective releases or 
waivers (satisfactory to the ENGINEER) of liens and verified claims arising out of or filed in connection with the 
Work. In lieu thereof and as approved by the ENGINEER, the CONTRACTOR may furnish receipts or releases in 
full and an affidavit from the CONTRACTOR that the releases and receipts include labor, services, material, and 
equipment for which a Claim could be filed and that payrolls, material, and equipment bills and other indebtedness 
connected with the Work for which the OWNER or the OWNER's property might in any way be responsible have 
been paid or otherwise satisfied. If any Subcontractor or Supplier fails to furnish a release or receipt in full, the 
CONTRACTOR may furnish a Bond or other collateral satisfactory to the OWNER to indemnify the OWNER against 
any Claim. A Final Payment Release form is included in the Contract Documents for the purposes of satisfying 
these requirements. 
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Final Payment and Acceptance:  


14.13. If the ENGINEER is satisfied that the Work has been completed, on the basis of the ENGINEER's observation of 
the Work during construction and final inspection and the ENGINEER's review of the application for final payment 
and accompanying documentation as required by the Contract Documents, and the CONTRACTOR's other 
obligations under the Contract Documents have been fulfilled, the ENGINEER will present the final Partial Payment 
Application to the OWNER for payment. Thereupon, the ENGINEER will give written notice to the CONTRACTOR 
that the Work is acceptable subject to the provisions of Paragraph 14.16. Otherwise, the ENGINEER will deny 
payment according to the procedures set forth above. After presentation to the OWNER of the Application and the 
accompanying documentation and with the ENGINEER's recommendation and notice of acceptability, the amount 
recommended by the ENGINEER will be paid by the OWNER to the CONTRACTOR. Final payment will be made in 
accordance with the law and particularly in compliance with Colorado Revised Statutes, § 38-26-107. 


14.14. If Final Completion of the Work is significantly delayed through no fault of the CONTRACTOR and if the ENGINEER 
so confirms, the OWNER will, upon receipt of the CONTRACTOR's application for final payment, and without 
terminating the Agreement, make payment of the balance due for that portion of the Work fully completed, as 
determined and accepted by the ENGINEER. If the remaining balance to be held by the OWNER for Work not fully 
completed or corrected is less than the retainage stipulated in the Agreement, and if Bonds have been furnished as 
required in Paragraph 5.1., the written consent of the Surety to the payment of the balance due for that portion of 
the Work fully completed and accepted shall be submitted by the CONTRACTOR to the ENGINEER with the Partial 
Payment Application. Any such payment will be made under the terms and conditions governing final payment, 
except that it shall not constitute a waiver of Claims. 


CONTRACTOR’s Continuing Obligation:  


14.15. The CONTRACTOR's obligation to perform and complete the Work in accordance with the Contract Documents 
shall be absolute. Neither approval of any progress payment, nor recommendation for final payment by the 
ENGINEER, nor the issuance of a letter certifying Substantial Completion, nor any payment by the OWNER to the 
CONTRACTOR under the Contract Documents, nor any use or occupancy of the Work or any part thereof by the 
OWNER, nor any act of acceptance by the OWNER nor any failure to do so, nor any review and approval of a Shop 
Drawing or Sample submission, nor the issuance of a notice of acceptability by the ENGINEER pursuant to 
Paragraph 14.14., nor any correction of Defective Work by the OWNER will constitute an acceptance of Work not in 
accordance with the Contract Documents or a release of the CONTRACTOR's obligation to perform the Work in 
accordance with the Contract Documents (except as provided in Paragraph 14.16.). 


Waiver of Claims:  


14.16. The making and acceptance of final payment will constitute both: 


14.16.1. A waiver of Claims by the OWNER against the CONTRACTOR, except Claims arising from unsettled 
liens, arising from Defective Work appearing after final inspection pursuant to Paragraph 14.13., or 
arising from failure to comply with the Contract Documents or the terms of any special guarantees 
specified therein, but it shall not constitute a waiver by the OWNER of any rights in respect to the 
CONTRACTOR's continuing obligations under the Contract Documents or of any Claims previously 
made, in writing, against the CONTRACTOR that are still unsettled; and 


14.16.2. A waiver of Claims by the CONTRACTOR against the OWNER other than those previously made, in 
writing, and still unsettled. 


ARTICLE 15--SUSPENSION OF WORK AND TERMINATION 


OWNER May Suspend Work:  


15.1. The OWNER may, acting through the ENGINEER, at any time and without cause, suspend the Work, or any portion 
thereof, for a period of not more than 90 days by notice, in writing, to the CONTRACTOR, which will fix the date on 
which Work will be resumed. The CONTRACTOR shall resume the Work on the date so fixed. The CONTRACTOR 
may be allowed an increase in the Contract Price or an extension of the Contract Time, or both, directly attributable 
to any suspension if the CONTRACTOR makes an approved Claim therefor as provided in ARTICLE 16. 


OWNER May Terminate Work:  


15.2. The OWNER may terminate Work by the CONTRACTOR for cause upon the occurrence of any one or more of the 
following events: 
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15.2.1. If the CONTRACTOR commences a voluntary case under any chapter of the Bankruptcy Code (Title 11, 
United States Code), as now or hereafter in effect, or if the CONTRACTOR takes any equivalent or 
similar action by filing a petition or otherwise under any other federal or state law in effect at such time 
relating to bankruptcy or insolvency; 


15.2.2. If a petition is filed against the CONTRACTOR under any chapter of the Bankruptcy Code as now or 
hereafter in effect at the time of filing, or if a petition is filed seeking any such equivalent or similar relief 
against the CONTRACTOR under any other federal or state law in effect at the time relating to 
bankruptcy or insolvency; 


15.2.3. If the CONTRACTOR makes a general assignment for the benefit of creditors; 


15.2.4. If a trustee, receiver, custodian, or agent of the CONTRACTOR is appointed under applicable law or 
under Contract, whose appointment or authority to take charge of property of the CONTRACTOR is for 
the purpose of enforcing a lien against such property or for the purpose of general administration of 
such property for the benefit of the CONTRACTOR's creditors; 


15.2.5. If the CONTRACTOR admits, in writing, an inability to pay its debts generally as they become due; 


15.2.6. If the CONTRACTOR persistently fails to perform the Work in accordance with the Contract Documents 
(including, but not limited to, failure to supply sufficiently skilled workers or suitable materials or 
equipment or failure to adhere to the construction schedule established under Paragraph 2.9. as revised 
from time to time); 


15.2.7. If the CONTRACTOR disregards Laws or Regulations of any public body having jurisdiction; 


15.2.8. If the CONTRACTOR disregards the authority of the ENGINEER; or 


15.2.9. If the CONTRACTOR otherwise violates in any substantial way any provisions of the Contract 
Documents. 


The OWNER may, after giving the CONTRACTOR and Surety 7 days written notice and to the extent 
permitted by Laws or Regulations, terminate Work by the CONTRACTOR, exclude the CONTRACTOR 
from the site and take possession of the Work and of the CONTRACTOR's tools, appliances, 
construction equipment, and machinery at the site and use the same to the full extent they could be 
used by the CONTRACTOR (without liability to the CONTRACTOR for trespass or conversion), 
incorporate in the Work materials and equipment stored at the site or for which the OWNER has paid 
the CONTRACTOR but are stored elsewhere and finish the Work as the OWNER may deem expedient. 
In such case, the CONTRACTOR shall not be entitled to receive any further payment until the Work is 
finished. If the unpaid balance of the Contract Price exceeds the direct, indirect, and consequential costs 
of completing the Work (including, but not limited to, reasonable charges of engineers, architects, and 
other professionals and court costs) such excess will be paid to the CONTRACTOR. If such costs 
exceed such unpaid balance, the CONTRACTOR shall pay the difference to the OWNER. Such costs 
incurred by the OWNER will be incorporated in a Change Order, but when exercising any rights or 
remedies under this Paragraph, the OWNER shall not be required to obtain the lowest price for the 
Work performed. 


Where the CONTRACTOR's services have been so terminated by the OWNER, the termination shall 
not affect any rights or remedies of the OWNER against the CONTRACTOR then existing or that may 
thereafter accrue. Any retention or payment of funds due to the CONTRACTOR by the OWNER shall 
not release the CONTRACTOR from liability. Where the CONTRACTOR’s services have been 
terminated by the OWNER and the OWNER has declared the CONTRACTOR to be in default pursuant 
to the performance bond, if it is determined that the OWNER’s declaration of default and/or termination 
was invalid or that the CONTRACTOR’s delay was excusable, then said termination will be deemed an 
OWNER termination pursuant to Paragraph 15.3, except that the CONTRACTOR will not be paid 
consequential costs. 


15.3. Upon 7 days written notice to CONTRACTOR, the OWNER may terminate Work by the CONTRACTOR without 
cause. In such case, the CONTRACTOR shall be paid for all Work executed and any reasonable expense 
sustained plus reasonable termination expenses which will include, but not be limited to, direct and indirect costs. 
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CONTRACTOR May Suspend or Terminate Work:  


15.4. If through no act or fault of the CONTRACTOR, the Work is suspended by the OWNER, the Work is suspended 
under an order of court or other public authority, or the ENGINEER persistently fails to act in accordance with the 
payment procedures set forth in ARTICLE 14 for a period of more than 90 days, then the CONTRACTOR may, 
upon 7 days written notice to the OWNER through the Construction Project Manager, terminate Work and recover 
from the OWNER payment for Work executed and any expense reasonably sustained plus reasonable termination 
expenses which shall include, but not be limited to, direct and indirect costs. The provisions of this Paragraph shall 
not relieve the CONTRACTOR of the obligation to carry on the Work in accordance with the construction schedule 
and without delay during disputes and disagreements with the OWNER. 


ARTICLE 16--CLAIMS AND DISPUTES 


Claims and disputes arising hereunder shall be resolved as set forth below. The rights and remedies of the OWNER 
hereunder are in addition to and separate from the provisions of Chapter 8 of ARTICLE 20 of Title 13, Colorado Revised 
Statutes, as they may be amended.  


16.1. Sole Claims Process 


It is expressly agreed that the following process is the sole means of preserving the parties’ respective rights and 
claims under the Contract. Although other communications related to issues during the Work are also likely to 
occur, they cannot waive the provisions of this Article, which indicate the only dispute resolution mechanism for 
claims, regardless of the theory of entitlement asserted by the parties, subcontractors, or suppliers. 


Failure of the CONTRACTOR to meet the requirements of this Article in a timely and complete manner shall 
constitute a waiver of remedies and related rights and claims, either by administrative review or by any other action 
at law or equity. 


Pending resolution of any Claim, the parties shall proceed diligently with performance of the Contract. The 
CONTRACTOR’s failure to proceed with the Work shall be considered a breach of the Contract and/or grounds for 
the suspension or termination of the Contract. 


16.2. Notice of Intent to Submit Claim 


If the CONTRACTOR has complied with the requirements herein, and if the CONTRACTOR receives and 
disagrees with a decision regarding the issuance of a requested Written Amendment, Change Order, Field Order, 
or Work Change Directive regarding an equitable adjustment in compensation or time, regarding liquidated 
damages or other charges, or regarding any other event that may give rise to a claim under the Contract, and the 
CONTRACTOR intends to submit a claim therefor, the CONTRACTOR shall submit to the Construction Project 
Manager a written Notice of Intent to Submit Claim. The Notice of Intent to Submit Claim shall be clearly titled as 
such, signed, and dated. If the CONTRACTOR has previously submitted such a Notice, subsequent notices shall 
be numbered sequentially: “Second Notice of Intent to Submit Claim,” etc. The Notice of Intent to Submit Claim 
must also contain, at a minimum, the following information, clearly designated: 


- Board Contract Number and Project Name; 


- Date of the event giving rise to the Claim; 


- A description of the Claim and the events giving rise to the Claim including the original request and related 
decisions or denials; 


- The reasons why the CONTRACTOR believes its request is appropriate; 


- An accounting, including documentation, or estimate of additional costs associated with the Claim; (if an 
estimate is provided, documentation must be provided with the Claim as described below); and 


- The CONTRACTOR's plan for mitigating costs or delays associated with the Claim. 


The CONTRACTOR shall submit the Notice of Intent to Submit Claim, described above, within 20 days of the 
decision or denial that gives rise to the claim. However, no claim for a change in Contract Time based on unusually 
severe weather may be made more than 30 days after the conclusion of the weather event claimed to be unusually 
severe. 


The CONTRACTOR waives any claims not submitted within these timeframes.  
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16.3. Submittal of Claim 


The CONTRACTOR shall, within 15 days after it submits a Notice of Intent to Submit Claim, submit to the Director 
of Engineering, Denver Water, 1600 W. 12th Avenue, Denver, Colorado 80204, with a copy to the Construction 
Project Manager, a complete and itemized written Claim in the form described below. 


(The CONTRACTOR will have an extension of time to submit the Claim, if, and only if, within 15 days of submitting 
a Notice of Intent to Submit Claim, the CONTRACTOR submits, in writing, to the Director of Engineering at the 
address above a Statement of Good Cause for Extension to Submit Claim. This Statement shall indicate the 
CONTRACTOR’s good cause for the extension; good cause shall include only extraordinary circumstances and not 
ordinary business matters such as scheduling and staffing. The extension shall continue for as long as the condition 
comprising the good cause continues.) 


The written Claim shall be clearly titled as such, signed, and dated. If the CONTRACTOR has previously submitted 
such a Claim, subsequent Claims shall be numbered sequentially: “Second Claim,” etc. The Claim must include, at 
a minimum, the information required above with regard to the Notice of Intent to Submit Claim and supporting detail 
sufficient for evaluation of the basis of and costs associated with the Claim. A Claim for an increase in Contract 
Price should be based on actual costs rather than an estimate or opinion, shall be supported by invoices, time 
cards, and other business records commonly accepted in the industry, and shall comply with the requirements of 
this Agreement. The Claim shall include specific references to Contract Documents and any other documents 
supporting the Claim and include a summary of any legal and factual theories supporting the Claim. The Claim must 
include copies of any relevant documents except that copies of Contract Documents are not required. A Claim for 
time extension shall be accompanied by a revision to the CLS described in Paragraph 2.6.1. that also shows the 
effects of the delay on the completion of critical path activities and shall be accompanied by a description of actions 
the CONTRACTOR has taken or proposes to take to minimize the effects of the delay. The Claim shall also identify 
any measures it believes the OWNER or the ENGINEER can take to minimize the Claim. Finally, the Claim shall 
include a notarized certificate, executed under penalties of perjury, that: 


- the Claim is made in good faith; 


- all supporting data are accurate and complete to the best of the CONTRACTOR's knowledge and belief; 


- the amount requested accurately reflects the total adjustment or relief that will be requested by the 
CONTRACTOR related to the described event; and 


- the prices stated for material and equipment are the lowest reasonably available to the CONTRACTOR 
and include available discounts. 


If the CONTRACTOR is an individual, the certification shall be executed by that individual.  If the CONTRACTOR is 
not an individual, the certification shall be executed by an officer or general partner of the CONTRACTOR. 


The CONTRACTOR shall furnish at no cost, upon request, additional information and data relevant to the Claim 
including the CONTRACTOR’s books, correspondence, records, electronic files, and databases. Failure to submit 
requested information may be a basis for denial of the Claim. 


Failure to submit the Claim, in writing, within the time period and in the manner described above shall constitute a 
waiver by the CONTRACTOR of any right, equitable or otherwise, to make such Claim. Neither the OWNER nor the 
ENGINEER is obligated to inform the CONTRACTOR of the CONTRACTOR’s failure to comply with this process or 
to assist the CONTRACTOR in submitting a Claim. 


The CONTRACTOR may amend a previously submitted claim by submitting to the Director of Engineering, with a 
copy to the Construction Project Manager, a complete and itemized written Amended Claim in the same form as the 
Claim described above. If the CONTRACTOR has previously submitted such an Amended Claim, subsequent 
Amended Claims shall be numbered sequentially: “Second Amended Claim,” etc. However, an Amended Claim will 
not revive a claim that has been waived as described in the preceding Paragraph. 


16.4. Resolution of Claim 


The Director of Engineering will investigate, review, and evaluate the Claim and make a written, dated 
determination regarding the claim within 60 days of the receipt of a Claim that meets the requirements stated above 
unless special circumstances exist or the Claim is unusually complex, in which case the Director of Engineering will 
notify the CONTRACTOR, in writing, that an extended period of time is required and will state the reasons that an 
extended period of time is required and how much time is required. If the Director of Engineering does not make a 
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written determination within 60 days of receipt of the Claim or within 60 days of an extended period of time, the 
claim is deemed to be denied. Any written decision will be transmitted to the CONTRACTOR immediately. 


If the CONTRACTOR agrees with any determination or resolution by the Director of Engineering, such 
determination or resolution will be processed as a Change Order or as a Written Amendment. 


If the CONTRACTOR disagrees with the Director of Engineering’s written determination, the CONTRACTOR may, 
within 30 days of the date of such determination, initiate an appeal of said determination by sending to the Director 
of Engineering a written Notice of Intent to Appeal to 1600 W. 12th Avenue, Denver, Colorado 80204 and a copy 
thereof to General Counsel, 1600 W. 12th Avenue, Denver, Colorado 80204. The Notice of Intent to Appeal shall 
contain a copy of the written determination being appealed, if any, and a short statement of the basis of the appeal. 
The conduct of the Appeal shall conform to the process described below. 


16.5. Administrative Hearing 


The Notice of Intent to Appeal and the conduct of the Appeal shall comply with the hearing and appeal procedures 
set forth in Chapter 17 of the Board’s Operating Rules, available online at www.denverwater.org.  


If a question arises concerning whether any issue or claim raised in an administrative hearing is within the scope of 
the Contract’s dispute resolution provisions, such question shall be decided by the hearing officer assigned to the 
administrative hearing. 


All disputes of any nature whatsoever regarding the Contract, including without limitation claims for additional 
compensation or extensions of time and disputes involving claimed breach of or default under the Contract, shall be 
resolved by the process described in this Article. The determination of the hearing officer on appeal shall be 
considered a final order and action of the Board and may be reviewed under Rule 106(a)(4) of the Colorado Rules 
of Civil Procedure only. 


16.6. General 


Should the OWNER or the CONTRACTOR suffer injury or damage to persons or property because of any error, 
omission, or act of the other party or of any of the other party's employees, agents, or others for whose acts the 
other party is legally liable, notice shall be made, in writing, to the other party within a reasonable time of the first 
observance of such injury or damage. The provisions of this Paragraph. shall not be construed as a substitute for or 
a waiver of the provisions of any applicable statute of limitations or repose. 


The duties and obligations imposed by these General Conditions and the rights and remedies available hereunder 
to the parties hereto, and, in particular but without limitation, the warranties, guarantees, and obligations imposed 
upon the CONTRACTOR and the rights and remedies available to the OWNER and the ENGINEER thereunder, 
are in addition to, and are not to be construed in any way as a limitation of, any rights and remedies available to any 
or all of them that are otherwise imposed or available by Laws or Regulations, by special warranty or guarantee, or 
by other provisions of the Contract Documents and the provisions of this Paragraph shall be as effective as if 
repeated specifically in the Contract Documents in connection with each particular duty, obligation, right, and 
remedy to which they apply. Representations, warranties, and guarantees made in the Contract Documents will 
survive final payment and termination or completion of the Agreement. Notwithstanding the foregoing, the parties 
agree that no profits that the CONTRACTOR might realize from other work are within the scope of the parties’ 
agreement and further agree that the CONTRACTOR waives any right to recover and shall not be compensated for 
any such lost profits or other consequential damages related to any breach by the OWNER hereunder. 


ARTICLE 17--MISCELLANEOUS 


Giving Notice:  


17.1. Whenever any provision of the Contract Documents requires the giving of written notice, unless otherwise specified, 
it will be deemed to have been validly given if delivered in person to the individual, to a member of the firm, or to an 
officer of the corporation for whom it is intended; or, if delivered at, or sent by registered or certified mail, postage 
prepaid, to the last business address known to the giver of the notice. 


17.2. Computation of Time:  


17.2.1. When any period of time is referred to in the Contract Documents by days, it will be computed to 
exclude the first and include the last day of such period. If the last day of any such period falls on a 
Saturday or Sunday or on a day made a legal holiday by the law of the applicable jurisdiction, such day 
will be omitted from the computation. 
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17.2.2. A calendar day of 24 hours measured from midnight to the next midnight shall constitute a day. 


17.2.3. References to days in the Contract Documents shall mean calendar days. 


Equal Employment Opportunities:  


17.3. The CONTRACTOR agrees not to discriminate against any employee, applicant for employment, or potential 
subcontractor or supplier based on race, color, religion, age, national origin, gender, sexual orientation, military 
status, marital status, or disability. The CONTRACTOR agrees to comply with applicable state and federal laws with 
regard to Equal Employment Opportunity. 


Sanitary Conveniences:  


17.4. The CONTRACTOR shall provide sanitary conveniences for use by persons employed on the Work. Sanitary 
conveniences shall be satisfactory to the ENGINEER and conform to the regulations of public authority having 
jurisdiction over such matters. At the completion of the Work, sanitary conveniences shall be removed and the 
premises left in such condition that they will not be deemed unsanitary. 


Gaseous Hazards and Confined Spaces:  


17.5. The CONTRACTOR shall comply with Laws or Regulations related to entry into confined spaces and shall provide 
and properly maintain required safety equipment. In accordance with ARTICLE 6, the CONTRACTOR shall instruct 
its personnel in the proper use of the equipment and in the required procedures for access to confined spaces. 


17.6. Environmental Considerations:  


17.6.1. The CONTRACTOR shall restrict its construction activities to those methods that will prevent the 
entrance or accidental spillage of contaminants, debris, or other objectionable pollutants and wastes into 
storm sewers, streams, water courses, reservoirs, or underground water sources. Dewatering of 
trenches and structure foundations shall be done in a manner so as to prevent muddy water or eroded 
material from entering any drainage facility or waterway. Turbidity increases in a stream or other bodies 
of water that are caused by the construction activity shall be limited to the increases above the natural 
turbidities permitted under the state water quality standards for that stream or body of water or by 
specific authorization from the appropriate governmental agency. 


17.6.2. The CONTRACTOR shall conduct its construction activity in a manner that will maintain the noise level 
below the decibel limit set by the local governing authority. The CONTRACTOR shall comply with 
applicable federal, state, and local laws, orders, or regulations concerning the prevention, control, and 
abatement of excessive noise. 


17.6.3. The CONTRACTOR shall comply with applicable federal, state, and local laws, orders, or regulations 
concerning the prevention and abatement of air pollution. During construction, the CONTRACTOR shall 
utilize such practicable methods and devices that are available to control, prevent, and otherwise 
minimize the atmospheric emission of air contaminants.  


The burning of materials resulting from the clearing of trees and brush, construction materials, and other 
rubbish will not be permitted. Equipment and vehicles that show an excessive emission of exhaust 
gases due to poor engine adjustments or inefficient operating conditions shall not be used until 
corrective repairs or adjustments are made. 


17.6.4. During the performance of the Work required by these Specifications or of any operations appurtenant 
thereunto, whether on rights-of-way provided by the OWNER or elsewhere, the CONTRACTOR shall 
furnish the labor, equipment, materials, and means required and shall carry out proper and efficient 
measures wherever and as often as necessary to reduce the dust nuisance and to prevent dust that has 
originated from its operations from damaging dwellings or causing a nuisance to persons. The 
CONTRACTOR shall be liable for any damage resulting from dust originating from its operations under 
these Specifications in the streets, the OWNER’s rights-of-way, or elsewhere. The cost of sprinkling or 
of other methods of reducing the formation of dust shall be included in the price Bid in the schedule for 
other items of Work. 


17.7. Water for Construction Purposes:  


17.7.1. The OWNER will furnish water for construction purposes free of charge to the CONTRACTOR at 
hydrants located within the City and County of Denver or within total service and read and bill water 
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districts. Hydrants located in Master Meter Water Districts are outside of the control of the OWNER; 
therefore, the CONTRACTOR shall make arrangements with the water districts in question and pay 
charges required by the districts. A list of hydrants that would be accessible to the CONTRACTOR but 
that are located in a Master Meter area may be obtained from the ENGINEER. 


17.7.2. The CONTRACTOR shall be required to obtain a hydrant permit listing each hydrant used and a water 
tank wagon permit for each tank wagon used from the OWNER. The permits are free of charge and 
shall be in the possession of the CONTRACTOR at the hydrant during the time the hydrant is being 
used. The permits will be valid for a period of one year from the time of issuance or until Contract 
completion, whichever occurs first. Any damage done to the hydrant by the CONTRACTOR will be 
repaired by the OWNER with the actual cost of such repairs billed to the CONTRACTOR. 


In accordance with the Board’s Engineering Standards and Operating Rules, the CONTRACTOR shall 
provide and use the required, approved, and properly supported fire hydrant meter, backflow prevention 
device, and gate valve. The CONTRACTOR is subject to the OWNER’s hydrant use rules, regulations, 
and fines for violation. 


17.7.3. The OWNER will furnish to the CONTRACTOR free of charge water required for testing and chlorine 
required for sterilization. The OWNER may perform labor necessary to fill the facility requiring testing 
with water and will insert the chlorine into the facility for final sterilization; however, the CONTRACTOR 
shall perform other labor. 


17.8. Electrical Power for Construction Purposes:  


17.8.1. The CONTRACTOR shall make necessary arrangements and shall provide electric power required for its 
construction purposes. This shall include providing necessary transmission lines, distribution circuits, 
transformers, and other electrical equipment required for distributing the power to the place or places of 
use by the CONTRACTOR. 


17.8.2. At the termination of the Contract under these Specifications, the CONTRACTOR shall dismantle and 
remove distribution lines and appurtenant equipment serving its installations or those of its Subcontractors 
that are not part of the permanent power installation. 


17.8.3. In the event the CONTRACTOR is working on properties owned by the OWNER, the CONTRACTOR will 
be allowed to take power from the nearest usable source where available. The CONTRACTOR is 
responsible for obtaining any supplemental power or equipment upgrades necessary to perform the Work. 
The OWNER will not charge the CONTRACTOR for the power, but the CONTRACTOR shall be 
responsible for the installation and removal of distribution lines and appurtenant equipment necessary for 
supplying the power to its place of use and for any measures necessary to protect the OWNER’s facilities 
from faults. 


ARTICLE 18--CONSTRUCTION ACCOUNTING AND AUDITING 


Project Auditing: For CMAR and CM/GC Contracts 


18.1. Provisions refer to various sections of the General Conditions as noted.  The OWNER reserves the right to audit 
wages, salaries, associated employee benefits, equipment rated, and reimbursable expenses for Work where the 
price is cost of the Work plus a fixed Project Fee, for any Work performed under time, materials, and fixed Project 
Fee, including components of both direct and indirect costs, and when Contract contains unit pricing of cost of Work 
in addition to a Lump Sum price. 


18.2. The OWNER will not audit lump sum fixed price Self Perform Work which shall include associated Direct and 
Indirect Work.  This shall not be interpreted as restricting the information available to OWNER under any other 
provisions of the General Conditions including, but not limited to, ARTICLE 11. 


18.3. The OWNER will have access to records and the right to audit as follows: 


1) The CONTRACTOR shall make available to the OWNER, on 48 hours notice, either on-site or at the 
CONTRACTOR’s local Metropolitan Denver office, from time to time, which shall include, but not be limited to, 
project related books, records, accounting methods, work papers, computer files, supplier invoices, supplier 
rebates or refunds, purchase orders, subcontractor billings, subcontracts, consultant billings, payroll records, 
timekeeping records, travel vouchers, costs estimates, sources of cost estimate data, and other records that 
relate to costs estimated, incurred, charged, or allocated directly to this Project. 
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2) The CONTRACTOR shall make available accounting and project management personnel with knowledge of 
the records listed above, subject to reasonable limitations due to work and travel demands. Such personnel 
shall be made available free of charge for the duration of the Project and at a negotiated rate following close-
out of the Project. 


3) The CONTRACTOR shall retain records, as listed above, for 5 years after the date of final payment for this 
Project, and shall make such records available to the OWNER during such period. 


4) Payment to the CONTRACTOR will be equal to actual amounts paid to Subcontractors, approved amounts for 
Self Perform Work, and approved general conditions limited to the agreed maximum amount and the overhead 
and profit applicable to these items by Contract. Payment will be made for actual amounts paid for bonds, 
insurance, and permits. The total of payments made shall not exceed the Total Project Cost with the Total 
Project Cost adjusted by approved Change Order amounts. 


5) No cost, hours worked, or expenditure may be charged more than once to the Project.  Costs shall be charged 
to the cost element of the Project where incurred.  Labor hours charged shall not exceed hours actually 
worked. 


6) Any costs billed to the OWNER by the CONTRACTOR which are not allowed by the Contract Documents, as 
determined by audit by the OWNER, will be deducted from payments due the CONTRACTOR, or the 
CONTRACTOR agrees to refund to the OWNER costs charged to the OWNER, which are found through the 
OWNER’s audit to be not in conformance with the provisions of this Contract.  


7) The OWNER and its representatives will enter into an appropriate confidentiality agreement pertaining to 
financial information provided as part of the accounting and auditing process if so requested by the 
CONTRACTOR. 


18.4. Make available to the OWNER, on 48 hours notice, either on-site or at the CONTRACTOR’s local Metropolitan 
Denver office, documents related to personnel employed on the Project as reasonably necessary for OWNER to 
determine whether the CONTRACTOR has complied with its personnel screening and non-disclosure obligations. 


Project Accounting:  


18.5 The CONTRACTOR’s accounting system and processes shall meet the following requirements: 


1) The CONTRACTOR shall demonstrate to the OWNER and use a cost accounting system sufficient to:  


a) Accurately record and charge actual direct costs which benefit this Project, for general conditions, bonds, 
insurance, permits, and Change Orders. 


b) Assure that costs charged to this Project relate ONLY to this Project.  


2) The CONTRACTOR shall demonstrate to the OWNER and use a cost control system sufficient to provide 
reasonable assurance that costs are not incurred and charged by the CONTRACTOR in excess of those 
necessary for the timely and effective performance of the contract. 


3) The CONTRACTOR shall remedy deficiencies in the CONTRACTOR’s cost accounting and cost control 
systems as deemed necessary by the OWNER to achieve a standard of cost accounting and cost control 
generally recognized as good practice in the construction industry. 


 





		ARTICLE 1--Definitions

		ARTICLE 2--Preliminary Matters
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		4.2.3.3. Of an unusual nature and materially different from conditions ordinarily encountered and generally recognized as inherent in work of the character provided for in the Contract Documents;
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		4.2.6.4.3. The CONTRACTOR failed to give written notice within the timeframe required by Paragraph 4.2.3. or a schedule required elsewhere in the Contract Documents.
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		Water Treatment Chemicals:
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		ARTICLE 5--Bonds and Insurance

		5.1. The CONTRACTOR shall furnish Performance and Payment Bonds, each in an amount at least equal to the Contract Price as security for the faithful performance and payment of the CONTRACTOR's obligations under the Contract Documents. These Bonds shal...
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		5.3.4. Professional liability insurance with a limit of not less than $2,000,000 per claim is required for  licensed professional services such as, but not limited to, architectural, engineering, or survey services in the performance of this Agreement.

		5.3.5. “All Risks” builder’s risk insurance at least as broad in scope as the Insurance Services Office (“ISO”) “Cause of Loss – Special form.” Such insurance shall:

		5.3.5.1. Cover the full projected value of the completed Project;

		5.3.5.2. Not include coinsurance requirements;

		5.3.5.3. Include soft cost coverage for additional accounting costs, legal costs, and any other increase in expense incurred due to an insured event;

		5.3.5.4. Include equipment breakdown coverage or its equivalent;

		5.3.5.5. Continue in force until final completion and the OWNER’s acceptance;

		5.3.5.6. Include “The City and County of Denver, Acting By and Through its Board of Water Commissioners” as insured as its interests may appear, and, if requested by the Board, any Consultant retained by the Board to perform Work on this Project.



		5.3.6. OTHER REQUIREMENTS AND PROVISIONS

		5.3.6.1. The CONTRACTOR’s insurers shall maintain an A.M. Best rating of A-, Class VII or better.

		5.3.6.2. Self-insured retentions or deductibles must be declared and approved by the Board and shall be paid solely by the CONTRACTOR without reimbursement by the OWNER.

		5.3.6.3. 30 day advance notice of cancellation shall be provided to the Board.

		5.3.6.4. The OWNER may modify these requirements at its discretion.





		5.4. The CONTRACTOR shall provide to the Board certificates of insurance (and renewals thereof) demonstrating that the insurance requirements have been met. Certificates of insurance shall contain a clause in this form: The above described policies sh...

		5.5. The CONTRACTOR shall provide copies of insurance policies upon the request of the Board.

		5.6. Any language contained herein notwithstanding, the OWNER continues to rely upon, and has not waived, the monetary limits and all other rights, immunities, and protections provided by the Colorado Governmental Immunity Act, Colorado Revised Statut...



		ARTICLE 6--Contractor’s Responsibilities

		6.1. The CONTRACTOR shall supervise and direct the Work competently and efficiently, devoting such attention thereunto and applying such skills and expertise as may be necessary to perform the Work in accordance with the Contract Documents. The CONTRA...

		6.2. The CONTRACTOR shall designate, in writing, a competent project manager and full-time superintendent who is on-site at all times during construction and who shall not be replaced without written notice to the Construction Project Manager. The sup...

		6.3. The CONTRACTOR shall provide competent, suitably qualified personnel to survey and lay out the Work using the horizontal and vertical control provided by the OWNER and to perform construction as required by the Contract Documents. The CONTRACTOR ...

		For conduits, the ENGINEER shall provide engineering surveys to establish an alignment of offset control points parallel to the proposed pipeline alignment. The offset distance shall be determined by a joint effort between the CONTRACTOR and the ENGIN...

		Work at the site shall be performed during regular working hours and shall not start earlier or end later than allowed by local jurisdictional codes. Working hours are the responsibility of the CONTRACTOR; the OWNER shall have no additional liability ...

		OWNER-recognized Holidays consist of the following days:

		6.4. Unless otherwise specified in the Contract Documents, the CONTRACTOR shall  furnish and assume full responsibility for materials, equipment, labor, transportation, construction equipment and machinery, tools, appliances, fuel, power, light, heat,...

		6.5. All materials and equipment shall be of good quality and new, except as otherwise provided in the Contract Documents. If required by the ENGINEER, the CONTRACTOR shall  furnish all of its documentation (including bills of lading, reports of requi...

		6.6. The CONTRACTOR shall adhere to the construction schedule as it may be adjusted from time to time as provided herein:

		6.6.1. The CONTRACTOR shall submit proposed adjustments in the construction schedule that will not change the Contract Time (or Milestones) to the Construction Project Manager. Such adjustments shall conform generally to the construction schedule the...

		6.6.2. Proposed adjustments in the construction schedule that will change the Contract Time (or Milestones) shall be submitted in accordance with the requirements of Paragraph 12.1. Such adjustments may only be made by a Change Order or Written Amendm...



		6.7. Substitute or Or-Equal Items:

		6.7.1. Whenever materials or equipment are specified or described in the Contract Documents by using the name of a proprietary item or the name of a particular Supplier, the naming of the item is intended to establish the type, function, and quality r...

		6.7.2. If a specific means, method, technique, sequence, or procedure of construction is indicated in or required by the Contract Documents, the CONTRACTOR shall furnish or utilize a substitute means, method, sequence, technique, or procedure of const...

		6.7.3. The ENGINEER will evaluate each proposed substitute within a reasonable timeframe. The ENGINEER shall be the sole judge of acceptability and no substitute will be ordered, installed, or utilized without the ENGINEER's prior written acceptance, ...



		6.8. Concerning Subcontractors, Suppliers, and Others:

		6.8.1. The CONTRACTOR will not employ any Subcontractor, Supplier, or other person or organization against whom the OWNER or the ENGINEER have reasonable objection. The CONTRACTOR will not be required to employ any Subcontractor, Supplier, or other pe...

		6.8.2. The CONTRACTOR shall provide to the ENGINEER, within 10 days of the Effective Date of Agreement or Work Package (CMAR and CM/GC Contracts), a complete listing including addresses and telephone numbers of Subcontractors and Suppliers proposed fo...

		6.8.3. The CONTRACTOR shall be fully responsible to the OWNER for acts and omissions of the Subcontractors whether selected by the CONTRACTOR or by the OWNER, Suppliers, and other persons and organizations performing or furnishing any of the Work for ...

		6.8.4. The CONTRACTOR shall be solely responsible for scheduling and coordinating the Work of Subcontractors, Suppliers, and other persons and organizations performing or furnishing any of the Work for the CONTRACTOR. The CONTRACTOR shall require Subc...



		6.9. The divisions and sections of the Specifications and the identifications of any Drawings shall not control the CONTRACTOR in dividing the Work among Subcontractors or Suppliers or delineating the Work to be performed by any specific trade.

		6.10. Work performed for the CONTRACTOR by a Subcontractor shall be pursuant to an appropriate agreement between the CONTRACTOR and the Subcontractor that specifically binds the Subcontractor to the applicable terms and conditions of the Contract Docu...

		6.11. The CONTRACTOR shall pay licensing and royalties and assume costs incident to the use in the performance of the Work or the incorporation in the Work of any invention, design, process, product, or device that is the subject of patent rights or c...

		6.12. Unless otherwise provided, the CONTRACTOR shall obtain and pay for permits and licenses required in the execution of the Work with no Mark-up. The OWNER will obtain any permits and licenses the OWNER deems necessary to expedite the Work, and any...

		6.13. Laws and Regulations:

		6.13.1. The CONTRACTOR shall give notices and comply with Laws or Regulations applicable to furnishing and performance of the Work. Except where otherwise expressly required by applicable Laws or Regulations, neither the OWNER, the ENGINEER, nor the O...

		6.13.2. If the CONTRACTOR observes that Specifications or Drawings are at variance with any Laws or Regulations, the CONTRACTOR shall give the Construction Project Manager immediate written notification, within 24 hours of such observation, and any ne...



		6.14. The CONTRACTOR shall pay sales, consumer, use, and other similar taxes required to be paid by the CONTRACTOR in accordance with the Laws or Regulations of the place of the Project that are applicable during the performance of the Work.

		The Total Project Cost shall include such taxes in accordance with the following:

		6.14.1. Colorado State Taxes. The State of Colorado will not impose sales and use taxes upon construction and building materials purchased by the CONTRACTOR and Subcontractors for use in the building, erection, alteration, or repair of structures, hig...

		6.14.2. Local Taxes. The CONTRACTOR and each Subcontractor are required to pay the sales and use taxes imposed by any political subdivision of the State of Colorado on purchases of any tangible personal property to be built into the Work. Each proposa...

		6.14.3. Federal Taxes. As a political subdivision of the State of Colorado, the OWNER is exempt from the payment of most federal excise taxes. The Contract Price shall not include federal excise tax of any kind in the computation. An exemption certifi...



		6.15. The CONTRACTOR shall confine construction equipment, the storage of materials and equipment, and the operations of workers to the site, land, and areas identified in and permitted by the Contract Documents and other land and areas permitted by L...

		6.16. During the progress of the Work, the CONTRACTOR shall keep the premises free from accumulations of waste materials, rubbish, and other debris resulting from the Work. At the completion of the Work, the CONTRACTOR shall remove waste materials, ru...

		6.17. The CONTRACTOR shall not load nor permit any part of any structure to be loaded in any manner that will endanger the structure, nor shall the CONTRACTOR subject any part of the Work or adjacent property to stresses or pressures that will endange...

		6.18. The CONTRACTOR shall maintain, in a safe place at the site, one record copy of Drawings, Specifications, Capital Projects Construction Standards, Engineering Standards, Addenda, Written Amendments, Change Orders, Work Change Directives, Field Or...

		6.19. The CONTRACTOR shall be responsible for initiating, maintaining, and supervising safety precautions and programs in connection with the Work. The CONTRACTOR shall take necessary precautions for the safety of, and shall provide the necessary prot...

		6.19.1. Employees on the Work and other persons and organizations who may be affected thereby;

		6.19.2. Work, materials, and equipment to be incorporated therein, either in storage on or off-site; and

		6.19.3. Other property at the site or adjacent thereunto including trees, shrubs, lawns, walks, pavements, roadways, structures, utilities, and Underground Facilities not designated for removal, relocation, or replacement in the course of construction.

		6.19.4. The CONTRACTOR, when Work involves chemicals identified in Paragraph 4.5 and/or 4.6, shall have, implement, and submit their Environmental Health and Safety Program and shall implement an Employee Safety Training Program including, but not lim...



		The CONTRACTOR shall comply with applicable Laws or Regulations of any public body having jurisdiction for the safety of persons or property or to protect them from damage, injury, or loss and shall erect and maintain necessary safeguards for such saf...

		6.20. The CONTRACTOR shall designate a full-time, responsible representative at the site when Work is occurring whose duty shall be the prevention of accidents and the maintaining and supervising of safety precautions and programs. This person shall b...

		6.21. The CONTRACTOR shall be responsible for coordinating any exchange of  safety data sheets or other hazard communication information required to be made available to or exchanged between or among employers at the site in accordance with Laws or Re...

		6.22. In emergencies affecting the safety or protection of persons, the Work, or property at the site or adjacent thereunto, the CONTRACTOR, without special instruction or authorization from the ENGINEER, is obligated to act to prevent threatened dama...

		6.23. After checking and verifying field measurements and after complying with applicable procedures specified herein, the CONTRACTOR shall make Submittals in accordance with the CLS as referenced in the specifications. Submittals shall bear a stamp o...

		6.24. The CONTRACTOR shall submit to the Construction Project Manager, for the ENGINEER to review with such promptness as to cause no delay in Work, Samples required by the Contract Documents. If the CONTRACTOR fails to perform the necessary review re...

		6.24.1. Before submission of each Shop Drawing or Sample, the CONTRACTOR shall have determined and verified quantities, dimensions, specified performance criteria, installation requirements, materials, catalog numbers, and similar data with respect th...

		6.24.2. At the time of each submission, the CONTRACTOR shall give the ENGINEER specific written notice of each variation that the Shop Drawings or Samples may have from the requirements of the Contract Documents and shall cause a specific notation of ...



		6.25. The ENGINEER or the OWNER's Consultant will review, with reasonable promptness, Submittals; the ENGINEER's review will be only for conformance with the design concept of the Project and for compliance with the information given in the Contract D...

		6.26. The ENGINEER's or the OWNER's Consultant’s review and approval of Submittals does not relieve the CONTRACTOR from responsibility for any variation from the requirements of the Contract Documents unless the CONTRACTOR has, in writing, called the ...

		6.27. Where a Submittal is required by the Specifications, any related Work performed prior to the ENGINEER's or the OWNER's Consultant’s review and approval of the pertinent submission will be at the sole risk and responsibility of the CONTRACTOR.

		Information requests shall be submitted to the ENGINEER using the RFI form.  Follow the procedures specified in ARTICLE 6 – SUBMITTAL PROCEDURES and will supplement the form with any other appropriate information, submitted with attachments necessary ...

		If the CONTRACTOR considers any comment by the ENGINEER on the returned RFI to constitute a change, it shall make such written notice in accordance with ARTICLE 10.

		6.28. The CONTRACTOR shall carry on the Work and adhere to the construction schedule during disputes or disagreements with the OWNER. No Work shall be delayed or postponed pending the resolution of any disputes or disagreements, except as permitted by...

		6.29. The CONTRACTOR warrants and guarantees to the OWNER, the ENGINEER, and the OWNER’s Consultants that Work will be in accordance with the Contract Documents and said Work will not be Defective. The CONTRACTOR’s obligation to perform and complete W...

		The CONTRACTOR’s warranty and guarantee hereunder excludes liability for defects caused by abuse, operation by persons other than the CONTRACTOR, Subcontractors, and Suppliers or by normal wear and tear under normal usage.

		None of the following occurrences shall constitute an acceptance of Work that is not in strict compliance with the Contract Documents:

		6.29.1. Observations by the ENGINEER;

		6.29.2. Recommendation of any progress payment or final payment;

		6.29.3. Issuance of a letter certifying Substantial Completion;

		6.29.4. Any payment to the CONTRACTOR under the Contract;

		6.29.5. Use or occupancy of the Work or any part thereof by the OWNER;

		6.29.6. Any acceptance by the OWNER or failure to do so;

		6.29.7. Any observation, test, or approval by others as well as review and/or approval of Submittals, as-builts, or issuance of notice of acceptability by the ENGINEER; or

		6.29.8. Any notice or demand by the OWNER or the ENGINEER to correct Defective Work.



		6.30. To the fullest extent permitted by Laws or Regulations, the CONTRACTOR shall indemnify, defend, and hold harmless the OWNER and the OWNER’s Consultant(s), their officers, directors, agents, and employees from and against Claims, damages, losses,...

		6.31. In any and all Claims against the OWNER and the OWNER's Consultant(s), their officers, directors, agents, and employees by any employee of the CONTRACTOR, any Subcontractor, any person or organization directly or indirectly employed by them to p...

		6.32. The indemnification obligations of the CONTRACTOR under Paragraph 6.30. shall not extend to the liability of the ENGINEER and the OWNER’s Consultants, officers, directors, employees, or agents caused by the professional negligence, errors, or om...

		6.33. All representations, indemnifications, warranties, and guarantees made in, required by, or given in accordance with the Contract Documents, as well as continuing obligations indicated in the Contract Documents, will survive final payment, comple...

		6.34. Except as provided in ARTICLE 14 of the General Conditions and in the Supplementary Conditions, the CONTRACTOR shall be responsible for damage to the Work until the final payment is made by the OWNER or until Partial Utilization of a portion of ...

		6.35. Should the CONTRACTOR cause damage to the Work or property of any separate contractor at the site, or should any Claim arising out of the CONTRACTOR's performance of the Work at the site be made by any separate contractor against the CONTRACTOR,...



		ARTICLE 7--Other Work

		7.1. The OWNER may perform other Work related to the Project at the site by the OWNER's own personnel, let other direct contracts therefor that will contain General Conditions similar to these, or have other Work performed by utility owners. If the fa...

		7.2. The CONTRACTOR shall afford each utility owner and each other contractor who is a party to such a direct contract (or the OWNER, if the OWNER is performing the additional Work with the OWNER's employees) proper and safe access to the site and a r...

		7.3. If the proper execution or results of any part of the CONTRACTOR's Work depends upon Work performed by others under this Article, the CONTRACTOR shall inspect such Work and promptly report to the Construction Project Manager, in writing, any dela...

		7.4. The OWNER reserves the right to let other contracts in connection with the completion of this Project. Performance of other contracts may be simultaneous with this Contract and within the same general area. The CONTRACTOR agrees to properly conne...

		7.4.1. If the CONTRACTOR delays the Work of the OWNER or other contractors by improperly coordinating the Work or by not affording them sufficient opportunity or facility to perform the Work as may be specified, the CONTRACTOR shall in that case pay c...

		7.4.2. The OWNER agrees to include this Article in other contracts under its control affecting the Work or other work performed in the same general area as the Work under this Contract.





		ARTICLE 8--Owner's Responsibilities

		8.1. The OWNER will issue all communications to the CONTRACTOR through the ENGINEER unless specified otherwise herein.

		8.2. The OWNER will furnish the data required of the OWNER under the Contract Documents promptly and will make payments to the CONTRACTOR promptly after they are due as provided herein.

		8.3. The OWNER will provide lands, easements, engineering surveys to establish reference points, copies of reports of explorations, and tests of subsurface conditions as provided herein.

		8.4. The OWNER will be liable within the limits set forth in Paragraph 5.6.

		8.5. The OWNER will execute Change Orders as indicated in Paragraph 10.4.

		8.6. The OWNER will be responsible for certain inspections, tests, and approvals as set forth in Paragraph 13.4.

		8.7. The OWNER shall have the right to stop Work, suspend Work, and terminate the Work of the CONTRACTOR as set forth herein.

		8.8. The OWNER will not supervise, direct, or have control or authority over, nor be responsible for the CONTRACTOR's means, methods, techniques, sequences, or procedures of construction, or the safety precautions and programs incident thereunto, or f...

		8.9. The OWNER will be responsible for undisclosed Hazardous Substances uncovered or revealed at the site set forth in Paragraph 4.5.



		ARTICLE 9--Engineer's Responsibilities

		9.1. The ENGINEER will be the OWNER's representative during the construction period. The duties and responsibilities of the ENGINEER as the OWNER's representative during construction are set forth in the Contract Documents.

		9.2. The ENGINEER will generally have continuous on-site representation to observe the progress and quality of the executed Work and to determine if the Work is proceeding in accordance with the Contract Documents. The ENGINEER's efforts will be direc...

		9.2.1. The OWNER's Consultant will not be required to make exhaustive or continuous on-site inspections, observations, or visits to check the quality or quantity of the Work.



		9.3. The ENGINEER will name a Construction Project Manager to observe the execution of the Work and to perform certain other obligations of the ENGINEER.

		9.4. The ENGINEER will issue, with reasonable promptness, such written clarifications or interpretations of the requirements of the Contract Documents (in the form of Drawings or otherwise) as are reasonably necessary. If the CONTRACTOR believes that ...

		9.5. The ENGINEER may authorize minor variations in the Work, from the requirements of the Contract Documents, that do not involve an adjustment in the Contract Price or the Contract Time and are consistent with the overall intent of the Contract Docu...

		9.6. The ENGINEER may disapprove or reject Work the ENGINEER believes to be Defective and will also have authority to require special inspection or testing of the Work as provided in ARTICLE 13, whether or not the Work is fabricated, installed, or com...

		9.7. In connection with the ENGINEER's responsibilities with regard to Shop Drawings and Samples, see Paragraphs 6.23. through 6.27. inclusive.

		9.8. In connection with the ENGINEER's responsibilities with regard to Change Orders, see ARTICLES 10, 11, and 12.

		9.9. In connection with the ENGINEER's responsibilities with regard to Applications for Payment, etc., see ARTICLE 14.

		9.10. The ENGINEER will verify the actual quantities and classifications of Unit Price Work performed by the CONTRACTOR. The ENGINEER will review with the CONTRACTOR the ENGINEER's preliminary determinations on such matters before rendering a written ...

		9.11. Neither the ENGINEER's authority to act under this ARTICLE 9 or elsewhere in the Contract Documents nor any decision made by the ENGINEER in good faith either to exercise or not exercise such authority shall give rise to any duty or responsibili...

		9.12. Whenever in the Contract Documents the terms "as ordered," "as directed," "as required," "as allowed," "as approved" or terms of like effect are used, or the adjectives "reasonable," "suitable," "acceptable," "proper," "satisfactory" or adjectiv...

		9.13. The ENGINEER will not be responsible for the CONTRACTOR's means, methods, techniques, sequences, or procedures of construction or the safety precautions and programs incident thereunto, and the ENGINEER will not be responsible for the CONTRACTOR...

		9.14. The ENGINEER will not be responsible for the acts or omissions of the CONTRACTOR or of any Subcontractor, any Supplier, or of any other person or organization performing or furnishing any of the Work.



		ARTICLE 10--Changes In The Work

		10.1. Without invalidating the Agreement and without notice to any Surety, the OWNER may, acting through the ENGINEER, at any time or from time to time, order additions, deletions, or revisions in the Work which will be authorized by a Written Amendme...

		10.2.1.  It shall be the CONTRACTOR’s responsibility to verify that amounts already appropriated or otherwise made available for the Contract are sufficient to cover the entire cost of the Work. Any Work undertaken or performed in excess of the amount...

		10.3. If the ENGINEER and the CONTRACTOR are unable to agree as to the extent, if any, of an increase or decrease in the Contract Price or an extension or shortening of the Contract Time that should be allowed as a result of a Work Change Directive, a...

		10.4. The CONTRACTOR shall not be entitled to an increase in the Contract Price or an extension of the Contract Time with respect to any Work performed that is not required by the Contract Documents as amended, modified, and supplemented as provided i...

		10.5. The OWNER and the CONTRACTOR will execute appropriate Change Orders (or Written Amendments) regarding:

		10.5.1. Changes in the Work that are ordered by the OWNER pursuant to Paragraph 10.1. and are required because of acceptance of Defective Work under Paragraph 13.12. or correcting Defective Work under Paragraph 13.13. or are agreed to by the parties;

		10.5.2. Changes in the Contract Price or Contract Time that are agreed to by the parties; and

		10.5.3. Changes in the Contract Price or Contract Time that embody the substance of any written decision pursuant to Paragraph 9.11.

		10.5.4 If the CONTRACTOR disagrees with the Construction Project Manager’s decision or considers that the decision requires extra Work, within 20 days, notify the Construction Project Manager in writing of the disagreement or of the claimed extra Work...



		10.6. If notice of any change affecting the general scope of the Work or the provisions of the Contract Documents (including, but not limited to, Contract Price or Contract Time) is required by the provisions of any Bond to be given to a Surety, the g...



		ARTICLE 11--Change of Contract Price

		11.1. The Contract Price constitutes the total compensation (subject to authorized adjustments) payable to the CONTRACTOR for performing the Work. Duties, responsibilities, and obligations assigned to or undertaken by the CONTRACTOR shall be at its ex...

		11.2. The Contract Price may only be changed by a Change Order or by a Written Amendment. Any Claim for an increase or decrease in the Contract Price shall be based on written notice delivered by the party making the Claim to the other party as set fo...

		11.3. The value of any Work covered by a Change Order or of any Claim for an increase or decrease in the Contract Price shall be determined in one of the following ways:

		11.3.1. By application of unit prices to the quantities of the items involved where the Work involved is covered by unit prices contained in the Contract Documents (subject to the provisions of Paragraphs 11.9.1. through 11.9.3., inclusive).

		11.3.2. By mutual acceptance of a lump sum (which may include an estimate of overhead and profit not necessarily in accordance with Paragraph 11.6.2.1.) which, unless otherwise approved by the ENGINEER, will be supported by a detailed breakdown per Pa...

		11.3.3. On the basis of the Cost of the Work (determined as provided in Paragraphs 11.4. and 11.5.) plus a CONTRACTOR's Mark-up for overhead and profit (determined as provided in Paragraphs 11.6. and 11.7.).

		11.3.4. The CONTRACTOR has 20 days to submit the final pricing to the OWNER for proposed Change Orders once the Work is complete. If the CONTRACTOR fails to meet this timeframe for pricing submittal, the OWNER may reject the pricing and payment reques...



		11.4. The term Cost of the Work means the sum of costs necessarily incurred and paid by the CONTRACTOR in the proper performance of the Work. Except as otherwise may be agreed to, in writing, by the ENGINEER, such costs shall be in amounts no higher t...

		11.4.1. Payroll costs for employees in the direct employ of the CONTRACTOR in the performance of the Work under schedules of job classifications agreed upon by the ENGINEER and the CONTRACTOR. The CONTRACTOR's Mark-up shall be limited to 10%. Payroll ...

		11.4.2. The cost of materials and equipment furnished and incorporated in the Work including the cost of transportation and the storage thereof and Suppliers' field services required in connection therewith. The CONTRACTOR's Mark-up shall be limited t...

		11.4.3. Payments shall be made by the CONTRACTOR to the Subcontractors for Work performed by Subcontractors. The Subcontractor performing the Work shall be paid a mutually acceptable fixed Mark-up as defined in Subparagraph 11.6.2.2. If required by th...

		11.4.4. Costs of the CONTRACTOR's Consultants (including, but not limited to, engineers, architects, testing laboratories, surveyors, and accountants) employed for services specifically related to the Work.

		11.4.5. Supplemental costs, including the following:

		11.4.5.1. The proportion of necessary transportation, travel, and subsistence expenses of the CONTRACTOR's employees incurred in the discharge of duties connected with the Work.

		11.4.5.2. Cost, including transportation and maintenance, of materials, supplies, equipment, machinery, appliances, office and temporary facilities at the site, and hand tools not owned by the workers, which are consumed in the performance of the Work...

		11.4.5.3. Rentals of construction equipment and machinery, and the parts thereof, to the extent they are used in the performance of the Work, whether rented from the CONTRACTOR or others and the costs of transportation, loading, unloading, installatio...

		11.4.5.4. Sales, consumer, use, or similar taxes related to the Work, for which the CONTRACTOR is liable, imposed by Laws or Regulations.

		11.4.5.5. Deposits lost for causes other than the negligence of the CONTRACTOR, any Subcontractor, anyone directly or indirectly employed by them, or for whose acts any of them may be liable, and royalty payments and costs for permits and licenses.

		11.4.5.6. Losses and damages (and related expenses) that are not compensated by insurance or otherwise, to the Work or otherwise reasonably sustained by the CONTRACTOR in connection with the performance and furnishing of the Work (except losses and da...

		11.4.5.7. The cost of utilities, fuel, and sanitary facilities at the site.

		11.4.5.8. Cost of premiums for additional Bonds and Insurance required because of changes in the Work and premiums for property insurance coverage within the limits of the deductible amounts established in accordance with ARTICLE 5.



		11.5.1. Payroll costs and other compensation of the CONTRACTOR's officers, executives, principals (of partnerships and sole proprietorships), general managers, engineers, architects, estimators, attorneys, auditors, accountants, purchasing and contrac...

		11.5.2. Expenses of the CONTRACTOR's principal and branch offices other than the CONTRACTOR's office at the site.

		11.5.3. Any part of the CONTRACTOR's capital expenses, including interest on the CONTRACTOR's capital employed for the Work and charges against the CONTRACTOR for delinquent payments.

		11.5.4. Costs due to the negligence of the CONTRACTOR, any Subcontractor, anyone directly or indirectly employed by them, or for whose acts any of them may be liable including, but not limited to, the correction of Defective Work, the disposal of mate...

		11.5.5. Other overhead or general expense costs of any kind including information technology and general accounting expenses, extended overhead, and the costs of any item not specifically and expressly included in Paragraph 11.4.



		11.6. Except as may be set forth in the documentation establishing the GMP for a CMAR or CM/GC Contract, the CONTRACTOR's Mark-up allowed to the CONTRACTOR for overhead and profit shall be one of the following two alternatives:

		11.6.1. A mutually acceptable fixed Mark-up as determined through the negotiation and acceptance of the CMAR or CM/GC Proposal; or

		11.6.2. If no fixed Mark-up is mutually acceptable, a Mark-up based on the following percentages of the various portions of the Cost of the Work:

		11.6.2.1. for costs incurred under Paragraphs 11.4.1. and 11.4.2., the CONTRACTOR's Mark-up shall be limited to 10%;

		11.6.2.2. for costs incurred under Paragraph 11.4.3., the Subcontractor performing the Work shall be paid a mutually acceptable fixed Mark-up; or, if directed by the ENGINEER, the Cost of the Work plus a maximum of 10% for overhead and profit; this sh...

		11.6.2.3. No additional Mark-up is allowed for small tools, safety programs, or other similar CONTRACTOR programs or activities. These activities, programs, and their costs are to be included in the Mark-up or option agreed to above;

		11.6.2.4. The amount of credit to be allowed by the CONTRACTOR to the OWNER for any change that results in a net decrease in cost will be the amount of the actual net decrease; and

		11.6.2.5. When both additions and credits are involved in any one change, the adjustment in the CONTRACTOR's Mark-up shall be computed on the basis of the net change in accordance with Paragraphs 11.6.2.1. through 11.6.2.4., inclusive.





		11.7. Whenever the cost of any Work is to be determined pursuant to Paragraph 11.4. or 11.5., the CONTRACTOR shall submit to the Construction Project Manager an itemized cost breakdown with supporting data.

		11.8. Except as may be set forth in the documentation establishing the GMP for a CMAR or CM/GC Contract, regardless of the number of Subcontractors, (reference 11.6.2.2.), the 5% increase above the Subcontractor's total cost, which includes allowances...

		11.9. Unit Price Work:

		11.9.1. Where the Contract Documents provide that all or part of the Work is to be Unit Price Work, initially the Contract Price shall be deemed to include for Unit Price Work an amount equal to the sum of the established unit prices for each separate...

		11.9.2. Each unit price shall be deemed to include an amount considered by the CONTRACTOR to be adequate to cover the CONTRACTOR's overhead and profit for each separately identified item.

		11.9.3. If the actual quantity of any item of Unit Price Work varies by more than 25% above or below the estimated quantity, an equitable adjustment in the Contract Price shall be made upon the request of the CONTRACTOR or the OWNER. The equitable adj...





		ARTICLE 12--Change of Contract Time

		12.1. The Contract Time, or Milestones, may only be changed by a Change Order or a Written Amendment. Any Claim for an extension or shortening of the Contract Time (or Milestones) shall be made as set forth in ARTICLE 16.

		12.2. Time is of the essence with regard to time limits stated in the Contract Documents.

		12.3. Where the CONTRACTOR is prevented from completing any part of the Work within the Contract Time, or Milestones, due to delay beyond the control of the CONTRACTOR, the Contract Time, or Milestones, will be extended in an amount equal to the time ...

		In addition to the requirements of ARTICLE 16, any CONTRACTOR claim for an extension of Contract Time due to unusually severe weather conditions shall be in accordance with the requirements of SECTION 01 32 16 – Cost Loaded Schedule.



		ARTICLE 13--Tests and Inspections; Correction, Removal, or Acceptance of Defective Work

		13.1. The ENGINEER will deliver to the CONTRACTOR prompt notice of known defects in the Work. Defective Work, whether or not in place, may be rejected, corrected, or accepted as provided in this Article.

		13.2. The ENGINEER and other representatives of the OWNER, including the OWNER's Consultant, testing agencies, and governmental agencies with jurisdictional interests shall have access to the Work at reasonable times for their observation, inspecting ...

		13.3. The CONTRACTOR shall give the ENGINEER timely notice, at least 48 hours unless otherwise specified in the Contract Documents, of readiness of the Work for required inspections, tests, or approvals, unless the ENGINEER, in writing, deems that add...

		13.4. If the Laws or Regulations of any public body having jurisdiction require any Work (or a part thereof) to specifically be inspected, tested, or approved, the CONTRACTOR shall assume full responsibility, paying costs in connection therewith and f...

		13.5. Inspections, tests, or approvals other than those required by the Laws or Regulations of any public body having jurisdiction shall be performed by organizations acceptable to the ENGINEER and the CONTRACTOR. Materials testing by the ENGINEER is ...

		13.6. Neither observations by the ENGINEER nor inspections, tests, or approvals by others shall relieve the CONTRACTOR from the CONTRACTOR's obligations to perform the Work in accordance with the Contract Documents.

		13.7. If any Work (including the Work of others) that is to be inspected, tested, or approved is covered without the written authorization of the ENGINEER, it must be uncovered for observation if requested by the ENGINEER. Such uncovering and subseque...

		13.8. If the ENGINEER has issued a written authorization allowing the CONTRACTOR's written request for the covering of Work (including the Work of others) in accordance with the provisions of Paragraph 13.7., and the ENGINEER later considers it necess...

		13.9. If the Work is Defective, or the CONTRACTOR fails to supply sufficient skilled workers, suitable materials, or equipment or fails to furnish or perform the Work in such a way that the completed Work will conform to the Contract Documents, the EN...

		13.10. If required by the ENGINEER, the CONTRACTOR shall promptly, as directed, either correct Defective Work, whether or not fabricated, installed or completed, or, if the Work has been rejected by the ENGINEER, remove it from the site and replace it...

		Defective Work also includes Work done beyond lines and grades shown in the Drawings or established by the ENGINEER, or extra Work and materials furnished without written approval of the ENGINEER will be considered Defective Work or unauthorized Work ...

		13.11. One-Year Correction Period:

		13.11.1. If any Work is found to be Defective within one year after the date of Substantial Completion or such longer period of time as may be prescribed by Laws or Regulations, by the terms of any applicable special guarantee required by the Contract...

		13.11.2. In special circumstances where a particular item of equipment is placed in continuous service before the Substantial Completion of the Work, the correction period for that item may run from an earlier date if so provided in the Specifications...

		13.11.3. Where Defective Work (and damage to other Work resulting therefrom) has been corrected, removed, or replaced, the correction period hereunder with respect to such Work will be extended for an additional period of one year after such correctio...

		13.11.4. Where notification of Defective Work has been given prior to the expiration of the one year warranty period, and correction is not performed by the date of expiration, the CONTRACTOR shall be held responsible for the correction of such defects.



		13.12. If the ENGINEER (prior to recommendation of final payment) prefers to accept the Work instead of requiring the correction or removal and replacement of Defective Work, the ENGINEER may do so. The CONTRACTOR shall bear reasonable direct, indirec...

		13.13. If the CONTRACTOR fails to correct Defective Work or to remove and replace rejected Work as required by the ENGINEER in accordance with Paragraph 13.10., or fails to perform the Work in accordance with the Contract Documents, or fails to comply...



		ARTICLE 14--Payments To Contractor and Completion

		14.1. On or before the 20th day of each calendar month, submit to the Construction Project Manager a Draft Partial Payment Application on the OWNER’s template.  This Draft shall be based upon the CLS as provided in Paragraph 2.6.1. Progress payments r...

		14.2. If the Construction Project Manager agrees with the CONTRACTOR’s Draft Partial Payment Application, the ENGINEER will, within 10 days after the receipt of such Draft, issue a preliminary approval or denial of such Draft.

		Preliminary approval by the ENGINEER of the Draft Partial Payment Application will occur as follows. The Construction Project Manager will fill out and sign two duplicate, preliminary copies of the Partial Payment Application form and attach any suppo...

		Preliminary denial of the CONTRACTOR’s Draft Partial Payment Application and any denial of final approval of the Partial Payment Application by the ENGINEER will occur as follows. The ENGINEER will provide to the CONTRACTOR a written explanation of th...

		14.2.1. The CONTRACTOR’s Draft Partial Payment Application shall be accompanied by the documentation specified herein.



		14.3. The ENGINEER's approval of any payment will constitute a representation by the ENGINEER, based on the ENGINEER's on-site observations of the Work in progress and on the ENGINEER's review of the Partial Payment Application and the accompanying da...

		14.4. The ENGINEER's recommendation of a final Partial Payment Application will constitute an additional representation by the ENGINEER to the OWNER that the conditions indicated in Paragraph 14.13. have been fulfilled.

		14.5. The ENGINEER may refuse to approve the whole payment, or any part thereof, if, in the ENGINEER's opinion, it would be incorrect to make the representations to the OWNER that are referenced in the preceding Paragraphs. The ENGINEER may also refus...

		14.5.1. the Work is Defective, or the completed Work has been damaged requiring correction or replacement thereof;

		14.5.2. the Contract Price has been reduced by Written Amendment or Change Order;

		14.5.3. the OWNER has been required to correct Defective Work or complete Work in accordance with Paragraph 13.14.;

		14.5.4. of the occurrence of any of the events enumerated in Paragraphs 15.2.1. through 15.2.9., inclusive;

		14.5.5. the ENGINEER has reason to believe that a Claim or lien relating to the Work has been or will be filed against the CONTRACTOR;

		14.5.6. the ENGINEER has reason to believe insufficient competitive pricing was utilized in the development of the Partial Payment Application.



		The ENGINEER may also refuse to approve a Partial Payment Application because claims have been made against the OWNER and/or the CONTRACTOR on account of the CONTRACTOR's performance or furnishing of the Work, liens have been filed in connection with ...

		14.6. Retainage from progress payments shall be withheld as stated in the Agreement. Any such funds so retained shall not be subject to substitution by the CONTRACTOR with securities or any arrangements involving an escrow or custodianship, except as ...

		14.7. The CONTRACTOR warrants and guarantees that title to Work, materials, and equipment covered in any Partial Payment Application, whether incorporated in the Project or not, shall pass to the OWNER no later than the time of payment and shall be fr...

		14.8. When the CONTRACTOR considers the entire Work ready for its intended use, the CONTRACTOR shall notify the Construction Project Manager, in writing, that the entire Work is substantially complete (except for items specifically listed by the CONTR...

		To be considered substantially complete the following conditions shall be met:

		a. The OWNER must have full and unrestricted use and benefit of the facilities, both from an operational and safety standpoint including:

		1) The degree of completion of the Project’s operating facilities or systems are sufficient to provide the OWNER the full-time, uninterrupted, continuous beneficial operation of the Work.

		2) All required functional, performance, acceptance, and startup testing has been successfully demonstrated for components, devices, equipment, instrumentation, and control to the satisfaction of the ENGINEER in accordance with the requirements of the...

		3) Required inspections have been completed and any identified conditions corrected.

		b. Only minor incidental Work, replacement of temporary substitute facilities, or corrective or repair Work remains to reach Final Completion of the Work.

		c. Conformance with training service requirements.

		d. Correction of state, local, and other regulatory agencies defective work list.

		e. Submittals have been received and approved by the ENGINEER.  These include, but are not limited to:

		1) Record documents.

		2) Operation and maintenance manuals including service and maintenance agreements.

		3) Equipment data forms.

		4) Manufacturer’s certificates of proper installation.

		5) Factory test reports.

		f. All special accessories have been provided that are required to place each item of equipment in full     operation.  These special accessory items include, but are not limited to, specified spare parts, test equipment, adequate oil and grease or ot...

		g. All additional warranty or insurance coverage requirements have been provided.

		The CONTRACTOR’s request shall list the specific items of Work regarding the conditions listed above that remain to be completed to reach Final Completion.

		Within a reasonable time thereafter, the CONTRACTOR and the ENGINEER will make an inspection of the Work to determine the status of completion.  If the ENGINEER does not consider the Work to be substantially complete, the ENGINEER will notify the CONT...

		If, after this inspection, the ENGINEER does not consider the Work substantially complete, the ENGINEER will, by written notice, so notify the CONTRACTOR giving the reasons therefore.

		If the ENGINEER considers the Work to be substantially complete, the ENGINEER will prepare and deliver to the CONTRACTOR a letter certifying Substantial Completion, which shall fix the date of Substantial Completion.  At the time of delivery of the le...

		Upon receipt of written notice concurring in or denying Substantial Completion, whichever is applicable, the CONTRACTOR shall pursue vigorously, diligently, and without unauthorized interruption, the Work necessary to reach Substantial and/or Final Co...

		The above process shall be repeated until the ENGINEER establishes the Substantial Completion Date.

		The ENGINEER may also establish the Substantial Completion Date unilaterally.

		14.9. The OWNER shall have the right to exclude the CONTRACTOR from certain portions of the Work after the date of Substantial Completion; however, the OWNER will allow the CONTRACTOR reasonable access to complete the remainder of the Work.

		14.10. Use by the OWNER of any finished part of the Work, which has specifically been identified in the Contract Documents or which the ENGINEER and the CONTRACTOR agree constitutes a separately functioning and usable part of the Work that can be used...

		14.10.1. The ENGINEER may, at any time, request that the CONTRACTOR, in writing, permit the OWNER to use any such part of the Work that the ENGINEER believes to be ready for its intended use and substantially complete. If the CONTRACTOR agrees, the CO...

		14.10.2. The ENGINEER may, at any time, request that the CONTRACTOR, in writing, permit the OWNER to take over the operation of any such part of the Work although it is not substantially complete. Within a reasonable time thereafter, the CONTRACTOR an...

		14.10.3. No occupancy or separate operation of part of the Work will be accomplished prior to compliance with the requirements of ARTICLE 5 in respect to property insurance.



		14.11. Upon written notice from the CONTRACTOR that the entire Work or an agreed-upon portion thereof is complete, the ENGINEER will make a final inspection with the CONTRACTOR and will notify the CONTRACTOR, in writing, of particulars in which this i...

		14.12. After the CONTRACTOR has completed all corrections to the satisfaction of the ENGINEER and delivered all maintenance and operating instructions, occupancy permits, schedules, guarantees, Bonds, certificates of inspection, marked-up record docum...

		14.13. If the ENGINEER is satisfied that the Work has been completed, on the basis of the ENGINEER's observation of the Work during construction and final inspection and the ENGINEER's review of the application for final payment and accompanying docum...

		14.14. If Final Completion of the Work is significantly delayed through no fault of the CONTRACTOR and if the ENGINEER so confirms, the OWNER will, upon receipt of the CONTRACTOR's application for final payment, and without terminating the Agreement, ...

		14.15. The CONTRACTOR's obligation to perform and complete the Work in accordance with the Contract Documents shall be absolute. Neither approval of any progress payment, nor recommendation for final payment by the ENGINEER, nor the issuance of a lett...

		14.16. The making and acceptance of final payment will constitute both:

		14.16.1. A waiver of Claims by the OWNER against the CONTRACTOR, except Claims arising from unsettled liens, arising from Defective Work appearing after final inspection pursuant to Paragraph 14.13., or arising from failure to comply with the Contract...

		14.16.2. A waiver of Claims by the CONTRACTOR against the OWNER other than those previously made, in writing, and still unsettled.





		ARTICLE 15--Suspension of Work and Termination

		15.1. The OWNER may, acting through the ENGINEER, at any time and without cause, suspend the Work, or any portion thereof, for a period of not more than 90 days by notice, in writing, to the CONTRACTOR, which will fix the date on which Work will be re...

		15.2. The OWNER may terminate Work by the CONTRACTOR for cause upon the occurrence of any one or more of the following events:

		15.2.1. If the CONTRACTOR commences a voluntary case under any chapter of the Bankruptcy Code (Title 11, United States Code), as now or hereafter in effect, or if the CONTRACTOR takes any equivalent or similar action by filing a petition or otherwise ...

		15.2.2. If a petition is filed against the CONTRACTOR under any chapter of the Bankruptcy Code as now or hereafter in effect at the time of filing, or if a petition is filed seeking any such equivalent or similar relief against the CONTRACTOR under an...

		15.2.3. If the CONTRACTOR makes a general assignment for the benefit of creditors;

		15.2.4. If a trustee, receiver, custodian, or agent of the CONTRACTOR is appointed under applicable law or under Contract, whose appointment or authority to take charge of property of the CONTRACTOR is for the purpose of enforcing a lien against such ...

		15.2.5. If the CONTRACTOR admits, in writing, an inability to pay its debts generally as they become due;

		15.2.6. If the CONTRACTOR persistently fails to perform the Work in accordance with the Contract Documents (including, but not limited to, failure to supply sufficiently skilled workers or suitable materials or equipment or failure to adhere to the co...

		15.2.7. If the CONTRACTOR disregards Laws or Regulations of any public body having jurisdiction;

		15.2.8. If the CONTRACTOR disregards the authority of the ENGINEER; or

		15.2.9. If the CONTRACTOR otherwise violates in any substantial way any provisions of the Contract Documents.



		15.3. Upon 7 days written notice to CONTRACTOR, the OWNER may terminate Work by the CONTRACTOR without cause. In such case, the CONTRACTOR shall be paid for all Work executed and any reasonable expense sustained plus reasonable termination expenses wh...

		15.4. If through no act or fault of the CONTRACTOR, the Work is suspended by the OWNER, the Work is suspended under an order of court or other public authority, or the ENGINEER persistently fails to act in accordance with the payment procedures set fo...



		ARTICLE 16--Claims and Disputes

		16.1. Sole Claims Process

		It is expressly agreed that the following process is the sole means of preserving the parties’ respective rights and claims under the Contract. Although other communications related to issues during the Work are also likely to occur, they cannot waive...

		Failure of the CONTRACTOR to meet the requirements of this Article in a timely and complete manner shall constitute a waiver of remedies and related rights and claims, either by administrative review or by any other action at law or equity.

		Pending resolution of any Claim, the parties shall proceed diligently with performance of the Contract. The CONTRACTOR’s failure to proceed with the Work shall be considered a breach of the Contract and/or grounds for the suspension or termination of ...

		16.2. Notice of Intent to Submit Claim

		If the CONTRACTOR has complied with the requirements herein, and if the CONTRACTOR receives and disagrees with a decision regarding the issuance of a requested Written Amendment, Change Order, Field Order, or Work Change Directive regarding an equitab...

		The CONTRACTOR shall submit the Notice of Intent to Submit Claim, described above, within 20 days of the decision or denial that gives rise to the claim. However, no claim for a change in Contract Time based on unusually severe weather may be made mor...

		The CONTRACTOR waives any claims not submitted within these timeframes.

		16.3. Submittal of Claim

		The CONTRACTOR shall, within 15 days after it submits a Notice of Intent to Submit Claim, submit to the Director of Engineering, Denver Water, 1600 W. 12th Avenue, Denver, Colorado 80204, with a copy to the Construction Project Manager, a complete and...

		(The CONTRACTOR will have an extension of time to submit the Claim, if, and only if, within 15 days of submitting a Notice of Intent to Submit Claim, the CONTRACTOR submits, in writing, to the Director of Engineering at the address above a Statement o...

		The written Claim shall be clearly titled as such, signed, and dated. If the CONTRACTOR has previously submitted such a Claim, subsequent Claims shall be numbered sequentially: “Second Claim,” etc. The Claim must include, at a minimum, the information...

		If the CONTRACTOR is an individual, the certification shall be executed by that individual.  If the CONTRACTOR is not an individual, the certification shall be executed by an officer or general partner of the CONTRACTOR.

		The CONTRACTOR shall furnish at no cost, upon request, additional information and data relevant to the Claim including the CONTRACTOR’s books, correspondence, records, electronic files, and databases. Failure to submit requested information may be a b...

		Failure to submit the Claim, in writing, within the time period and in the manner described above shall constitute a waiver by the CONTRACTOR of any right, equitable or otherwise, to make such Claim. Neither the OWNER nor the ENGINEER is obligated to ...

		The CONTRACTOR may amend a previously submitted claim by submitting to the Director of Engineering, with a copy to the Construction Project Manager, a complete and itemized written Amended Claim in the same form as the Claim described above. If the Co...

		16.4. Resolution of Claim

		The Director of Engineering will investigate, review, and evaluate the Claim and make a written, dated determination regarding the claim within 60 days of the receipt of a Claim that meets the requirements stated above unless special circumstances exi...

		If the CONTRACTOR agrees with any determination or resolution by the Director of Engineering, such determination or resolution will be processed as a Change Order or as a Written Amendment.

		If the CONTRACTOR disagrees with the Director of Engineering’s written determination, the CONTRACTOR may, within 30 days of the date of such determination, initiate an appeal of said determination by sending to the Director of Engineering a written No...

		16.5. Administrative Hearing

		The Notice of Intent to Appeal and the conduct of the Appeal shall comply with the hearing and appeal procedures set forth in Chapter 17 of the Board’s Operating Rules, available online at www.denverwater.org.

		If a question arises concerning whether any issue or claim raised in an administrative hearing is within the scope of the Contract’s dispute resolution provisions, such question shall be decided by the hearing officer assigned to the administrative he...

		All disputes of any nature whatsoever regarding the Contract, including without limitation claims for additional compensation or extensions of time and disputes involving claimed breach of or default under the Contract, shall be resolved by the proces...

		16.6. General

		Should the OWNER or the CONTRACTOR suffer injury or damage to persons or property because of any error, omission, or act of the other party or of any of the other party's employees, agents, or others for whose acts the other party is legally liable, n...

		The duties and obligations imposed by these General Conditions and the rights and remedies available hereunder to the parties hereto, and, in particular but without limitation, the warranties, guarantees, and obligations imposed upon the CONTRACTOR an...



		ARTICLE 17--Miscellaneous

		17.2. Computation of Time:

		17.2.1. When any period of time is referred to in the Contract Documents by days, it will be computed to exclude the first and include the last day of such period. If the last day of any such period falls on a Saturday or Sunday or on a day made a leg...

		17.2.2. A calendar day of 24 hours measured from midnight to the next midnight shall constitute a day.

		17.2.3. References to days in the Contract Documents shall mean calendar days.



		Equal Employment Opportunities:

		17.3. The CONTRACTOR agrees not to discriminate against any employee, applicant for employment, or potential subcontractor or supplier based on race, color, religion, age, national origin, gender, sexual orientation, military status, marital status, o...

		17.4. The CONTRACTOR shall provide sanitary conveniences for use by persons employed on the Work. Sanitary conveniences shall be satisfactory to the ENGINEER and conform to the regulations of public authority having jurisdiction over such matters. At ...

		17.5. The CONTRACTOR shall comply with Laws or Regulations related to entry into confined spaces and shall provide and properly maintain required safety equipment. In accordance with ARTICLE 6, the CONTRACTOR shall instruct its personnel in the proper...

		17.6. Environmental Considerations:

		17.6.1. The CONTRACTOR shall restrict its construction activities to those methods that will prevent the entrance or accidental spillage of contaminants, debris, or other objectionable pollutants and wastes into storm sewers, streams, water courses, r...

		17.6.2. The CONTRACTOR shall conduct its construction activity in a manner that will maintain the noise level below the decibel limit set by the local governing authority. The CONTRACTOR shall comply with applicable federal, state, and local laws, ord...

		17.6.3. The CONTRACTOR shall comply with applicable federal, state, and local laws, orders, or regulations concerning the prevention and abatement of air pollution. During construction, the CONTRACTOR shall utilize such practicable methods and devices...

		17.6.4. During the performance of the Work required by these Specifications or of any operations appurtenant thereunto, whether on rights-of-way provided by the OWNER or elsewhere, the CONTRACTOR shall furnish the labor, equipment, materials, and mean...



		17.7. Water for Construction Purposes:

		17.7.1. The OWNER will furnish water for construction purposes free of charge to the CONTRACTOR at hydrants located within the City and County of Denver or within total service and read and bill water districts. Hydrants located in Master Meter Water ...

		17.7.2. The CONTRACTOR shall be required to obtain a hydrant permit listing each hydrant used and a water tank wagon permit for each tank wagon used from the OWNER. The permits are free of charge and shall be in the possession of the CONTRACTOR at the...

		17.7.3. The OWNER will furnish to the CONTRACTOR free of charge water required for testing and chlorine required for sterilization. The OWNER may perform labor necessary to fill the facility requiring testing with water and will insert the chlorine in...



		17.8. Electrical Power for Construction Purposes:



		ARTICLE 18--Construction Accounting and Auditing

		Project Auditing: For CMAR and CM/GC Contracts

		18.1. Provisions refer to various sections of the General Conditions as noted.  The OWNER reserves the right to audit wages, salaries, associated employee benefits, equipment rated, and reimbursable expenses for Work where the price is cost of the Wor...

		18.2. The OWNER will not audit lump sum fixed price Self Perform Work which shall include associated Direct and Indirect Work.  This shall not be interpreted as restricting the information available to OWNER under any other provisions of the General C...

		18.3. The OWNER will have access to records and the right to audit as follows:

		18.4. Make available to the OWNER, on 48 hours notice, either on-site or at the CONTRACTOR’s local Metropolitan Denver office, documents related to personnel employed on the Project as reasonably necessary for OWNER to determine whether the CONTRACTOR...

		Project Accounting:

		18.5 The CONTRACTOR’s accounting system and processes shall meet the following requirements:










