DIVISION 23 – HEATING, VENTILATING AND AIR CONDITIONING

Section 23 20 00 - Heating and Cooling Piping


READ THIS FIRST
Notice to the Design Engineer, please refer to the Port of Seattle, Facilities and Infrastructure standards for reference before editing this specification.

This Project Spec Document may need additional modifications to suit your project. It is recommended that you proofread each section, paying attention to any “Notes” boxes such as this one--you should remove these “Notes” sections as you go. Also, do a search for all bracket characters “ [ ] “ as they are used to show you areas containing options or project specific details (you can use Microsoft Word’s Find feature {Ctrl-F} to jump to an open bracket “ [ “ character quickly). Again, these bracket characters should be removed.

It is important that every paragraph be numbered to allow for easy referencing. If you use the document’s built in styles and formatting your outline should be fine (turn on the formatting toolbar by going to View > Toolbars > Formatting). Most paragraphs will use the style “Numbered Material” and can be promoted (Shift) or demoted (Shift-Tab).

You should not have to manually enter extra spaces, carriage returns or outline characters such as A, B, C, or 1.01, 1.02; the formatting will do this for you. The entire document is 11 pt. Arial. If you paste items in, you may need to reapply the “Numbered Material” format.

PART 1   GENERAL

1.1 SUMMARY OF WORK
A. The extent and location of “Heating and Cooling Pipe” Work is shown in the Contract Documents. Section includes systems, accessories, valves, pipe and pipe fittings for: heating water, chilled water, steam and steam condensate, condenser water, glycol, refrigerant and engine exhaust
1.2 GOVERNING CODES, STANDARDS AND REFERENCES
List reference standards that are included within the text of this section. Edit the following as required for Project conditions.

A. The publications listed below form a part of this specification to the extent referenced. The publications are referred to within the text by the basic designation only.
1. ARI (Air Conditioning and Refrigeration Institute)

a. ARI 495 - Refrigerant Liquid Receivers.

b. ARI 710 - Liquid Line Dryers.

c. ARI 730 - Flow-Capacity Rating and Application of Suction-Line Filters and Filter-Dryers

d. ARI 750 - Thermostatic Refrigerant Expansion Valves.

e. ARI 760 - Solenoid Valves for Use with Volatile Refrigerants.

2. ASHRAE (American Society of Heating, Refrigerating and Air Conditioning Engineers)

3. ASME (American Society of Mechanical Engineers)

a. ASME - Boiler and Pressure Vessel Codes, SEC IX - Qualification Standard for Welding and Brazing Procedures, Welders, Brazers, and Welding and Brazing Operators.

b. ASME B31.5 - Refrigeration Piping and Heat Transfer Components.

c. ASME B31.9 - Building Services Piping.

d. ASME SEC VIII-D - Boilers and Pressure Vessels Code, Rules for Construction of Pressure Vessels.

e. ASME B16.3 - Malleable Iron Threaded Fittings Class 150 and 300.
4. ASTM (American Society for Testing and Materials)

a. ASTM A53 - Pipe, Steel, Black and Hot-Dipped, Zinc-Coated, Welded and Seamless.

b. ASTM A234 - Piping Fittings of Wrought Carbon Steel and Alloy Steel for Moderate and Elevated Temperatures.

c. ASTM B32 - Solder Metal.

d. ASTM D1785 - Poly (Vinyl Chloride) (PVC) Plastic Pipe, Schedules 40, 80, and 120.

e. ASTM D2235 - Solvent Cement for Acrylonitrile-Butadiene-Styrene (ABS) Plastic Pipe and Fittings.

f. ASTM D2241 - Poly (Vinyl Chloride) (PVC) Pressure-Rated Pipe (SDR-Series).

g. ASTM D2310 - Machine-Made Reinforced Thermosetting Resin Pipe.

h. ASTM D2466 - Poly (Vinyl Chloride) (PVC) Plastic Pipe Fittings, Schedule 40.

i. ASTM D2467 - Socket-Type Poly (Vinyl Chloride) (PVC) Plastic Pipe Fittings, Schedule 80.

j. ASTM D2680 - Acrylonitrile-Butadiene-Styrene (ABS) and Poly (Vinyl Chloride) (PVC) Composite-Sewer Piping.

k. ASTM D2683 - Socket-Type Polyethylene Fittings for Outside Diameter-Controlled Polyethylene Pipe and Tubing.

l. ASTM D2751 - Acrylonitrile-Butadiene-Styrene (ABS) Sewer Pipe and Fittings.

m. ASTM D2855 - Making Solvent-Cemented Joints with Poly (Vinyl Chloride) (PVC) Pipe and Fittings.

n. ASTM F708 - Design and Installation of Rigid Pipe Hangers.

o. ASTM F876 - Crosslinked Polyethylene (PEX) Tubing.

p. ASTM F877 - Crosslinked Polyethylene (PEX) Plastic Hot - and Cold - Water Distribution Systems.

5. AWWA (American Water Works Association)

a. AWWA C105 - Polyethylene Encasement for Ductile Iron Piping for Water and Other Liquids.

b. AWWA C110 - Ductile - Iron and Grey -Iron Fittings 3 in through 48 in, for Water and Other Liquids.

c. AWWA C111 - Rubber-Gasket Joints for Ductile Iron and Grey-Iron Pressure Pipe and Fittings.

d. AWWA C151 - Ductile-Iron Pipe, Centrifugally Cast in Metal Molds or Sand-Lined Molds, for Water or Other Liquids.

6. AWS (American Welding Society)

a. AWS A5.8 - Brazing Filler Metal.

b. AWS D1.1 - Structural Welding Code.

7. FCI (Fluid Controls Institute)

8. MSS (Manufacturers Standardization Society of the Valve and Fittings Industry)

a. MSS SP58 - Pipe Hangers and Supports - Materials, Design and Manufacture.

b. MSS SP69 - Pipe Hangers and Supports - Selection and Application.

c. MSS - Pipe Hangers and Supports - Fabrication and Installation Practices.

9. National Board Certification NB factory sealed and stamped

10. UL (Underwriters Laboratories, Inc.)
a. UL 429 - Electrically Operated Valves.

1.3 SYSTEM DESCRIPTION
Use this article carefully; restrict statements to describe components used to assemble the system. Do not repeat statements made in the SUMMARY article; “Section includes” paragraph.

A. Where more than one piping system material is specified, ensure system components are compatible and joined to ensure the integrity of the system is not jeopardized. Provide necessary joining fittings. Ensure flanges, union, and couplings for servicing are consistently provided.

B. Use unions, flanges, and couplings downstream of valves and at equipment or apparatus connections. Use non-conducting dielectric connections whenever jointing dissimilar metals in open systems. Do not use direct welded or threaded connections to valves, equipment or other apparatus.

C. Provide pipe hangers and supports in accordance with [ASTM B31.9] [MSS SP69] unless indicated otherwise.

D. Use [gate] [ball] [or] [butterfly] valves for shut-off and to isolate equipment, part of systems, or vertical risers.

E. Use [globe] [ball] [or] [butterfly] valves for throttling, bypass, or manual flow control services.

F. Use spring loaded check valves on discharge of [condenser water] [___] pumps.  
G. Use plug cocks for throttling service. Use non-lubricated plug cocks only when shut-off or isolating valves are also provided.

H. Use butterfly valves [in heating water systems] [in chilled and condenser water systems] [in heating, chilled and condenser water systems] interchangeably with gate and globe valves.  
I. Use only butterfly valves in chilled and condenser water systems for throttling and isolation service.

J. Use lug end butterfly valves to isolate equipment.

K. Use 3/4-inch [gate] [ball] valves with cap for drains at main shut-off valves, low points of piping, bases of vertical risers, and at equipment. [Pipe to nearest floor drain.]

L. Refrigerant Liquid Indicators:

1. Use line size liquid indicators in main liquid line leaving condenser.

2. If receiver is provided, install in liquid line leaving receiver.

3. Use line size on leaving side of liquid solenoid valves.

M. Refrigerant Valves

1. Use service valves on suction and discharge of compressors.

2. Use gage taps at compressor inlet and outlet.

3. Use gage taps at hot gas bypass regulators, inlet and outlet.

4. Use check valves on compressor discharge.

5. Use check valves on condenser liquid lines on multiple condenser systems.

6. Refrigerant Charging (Packed Angle) Valve: Use in liquid line between receiver shut-off valve and expansion valve.

N. Strainers:

1. Use line size strainer upstream of each automatic valve.

2. Where multiple expansion valves with integral strainers are used, use single main liquid-line strainer.

3. On steel piping systems, use strainer in suction line.

4. Use shut-off valve on each side of strainer.

O. Pressure Relief Valves: Use on ASME receivers [and pipe to outdoors].

P. Permanent Filter-Dryers:

1. Use in low temperature systems.

2. Use in systems utilizing hermetic compressors.

3. Use filter-dryers for each solenoid valve.

Q. Replaceable Cartridge Filter-Dryers:

1. Use vertically in liquid line adjacent to receivers.

2. Use filter-dryers for each solenoid valve.

R. Solenoid Valves:

1. Use in liquid line of systems operating with single pump-out or pump-down compressor control.

2. Use in liquid line of single or multiple evaporator systems.

3. Use in oil bleeder lines from flooded evaporators to stop flow of oil and refrigerant into the suction line when system shuts down.

S. Receivers:

1. Use on systems [5] [___] tons and larger, sized to accommodate pump down charge.  
2. Use on systems with long piping runs.

T. Flexible Connectors: Utilize at or near compressors where piping configuration does not absorb vibration.

1.4 SUBMITTALS
Only request submittals needed to verify compliance with Project requirements.

A. Submit materials data in accordance with of Section 01 33 00 - Submittals. Furnish manufacturers’ technical literature, standard details, product specifications, and installation instructions for all products.
B. Submittals shall include the following:
1. Shop Drawings: Indicate schematic layout of refrigeration system, including equipment, critical dimensions, and sizes.

2. Product Data: Submit data on pipe materials, pipe fittings, valves, and accessories. Provide manufacturers catalogue information. Indicate valve data and ratings.

Include the following paragraph when Contractor is responsible for pipe sizing.

3. Design Data: Indicate pipe size. Indicate load carrying capacity of trapeze, multiple pipe, and riser support hangers.

4. Test Reports: Indicate results of refrigerant leak test and acid test.
5. Manufacturer's Installation Instructions: Submit hanging and support methods, joining procedures and isolation.

6. Manufacturer's Certificate: Certify that products meet or exceed specified requirements.

7. Welders’ Certificate: Include welders’ certification of compliance with [ASME/SEC 9] [AWS D1.1] [___].  
1.5 QUALITY ASSURANCE
A. Perform Work in accordance with ASME B31.9 code for installation of piping systems and ASME SEC IX for welding materials and procedures.

Include the following paragraph only when the costs of acquiring the specified standards are justified.

B. Maintain one copy of each document on site.

1.6 QUALIFICATIONS
A. Manufacturer: Company specializing in manufacturing products specified in this section with minimum three years [documented] experience [, and with service facilities within [100] [___] miles of Project].

B. Fabricator or Installer: Company specializing in performing Work of this section with minimum three years [documented] experience [approved by manufacturer].
Use the following when the Contractor is responsible for sizing.

C. Design piping under direct supervision of a Professional Engineer experienced in design of this Work and licensed in the State of Washington.  
1.7 DELIVERY, STORAGE, AND HANDLING
Identify any special delivery, storage or handling requirements.

A. Accept valves on site in shipping containers with labeling in place. Inspect for damage.

B. Provide temporary end caps and closures on piping and fittings. Maintain in place until installation.

C. Protect piping systems from entry of foreign materials by temporary covers, completing sections of the Work, and isolating parts of completed system Protect

D. Dehydrate and charge refrigeration components such as piping and receivers, seal prior to shipment, until connected into system.

1.8 ENVIRONMENTAL REQUIREMENTS
A. Do not install underground piping when bedding is wet or frozen.

1.9 FIELD MEASUREMENTS
A. Verify field measurements prior to fabrication.

1.10 EXTRA MATERIALS
A. Spare and extra parts shall be identified for all products, but not provided. Include spare parts information in Operation and Maintenance Manuals.
PART 2   PRODUCTS
A.
If only one product is acceptable (single or sole source product), obtain an approved Competition Waiver and submit to the CPO Construction, Contract Administrator.  The language shall read as: “Manufacturer Name, Product # XXXXX, No Equal.”  Refer to CPO-6 Competition Waiver Policy for more information.

B.
If a Competition Waiver is not approved or more than one product is acceptable, this section must list a minimum of 2 products plus the language “Or Approved Equal,” along with salient characteristics.  Refer to CPO Construction’s Salient Characteristics Guidelines for more information.

2.1 HEATING WATER AND GLYCOL PIPING, BURIED
A. Piping:

1. Heating Water Piping 2-inch and smaller: ASTM B88 Type “L” hard drawn copper.

2. Heating Water Piping 2-1/2-inch and larger: ASTM A53, Schedule 40,Grade B, electric resistance welded or seamless, [0.375 inch wall for sizes 12 inch and over,] black [with AWWA C105 polyethylene jacket, or double layer, half-lapped 10 mil polyethylene tape].  
B. Fittings:

1. 2-inch and smaller: Wrought copper solder fittings and screwed adapters, ANSI B16.22. Cast bronze solder joint fittings and screwed adapters, ANSI B16.18. 95 percent tin, 5 percent antimony solder, ASTM B32.

2. 2-1/2-inch and larger: Wrought-Steel, ASTM A 234/A 234M, butt-weld or flanged [with double layer, half-lapped 10 mil polyethylene tape]. 

3. Joints: AWS D1.1, welded.  
4. Dielectric nipples threaded or sweat, (unions not allowed) required at dissimilar metal junctures.
C. Casing: Closed glass cell insulation. Polyurethane insulation with high density polyethylene jacket and heat shrink sleeves.  
2.2 HEATING WATER AND GLYCOL PIPING, ABOVE GROUND
A. Piping:

1. Heating Water Piping 2-inch and smaller: ASTM B88 Type “L” hard drawn copper.

2. Heating Water Piping 2-1/2-inch and larger:  ASTM A53, Schedule 40, Grade B, electric resistance welded or seamless, [0.375 inch wall for sizes 12 inch and over,] black steel.  
B. Fittings:

1. 2-inch and smaller: Wrought copper solder fittings and screwed adapters, ANSI B16.22. Cast bronze solder joint fittings and screwed adapters, ANSI B16.18. 95 percent tin, 5 percent antimony solder, ASTM B32.

2. 2-1/2-inch and larger: Wrought-Steel, ASTM A 234/A 234M, butt-weld or flanged.  
3. Joints: Threaded, or AWS D1.1, welded.  
4. Dielectric nipples threaded or sweat, (unions not allowed) required at dissimilar metal junctures.
2.3 CHILLED WATER PIPING, BURIED
A. Piping:
1. Chilled Water Piping 2-inch and Smaller: ASTM B88 Type “L” hard drawn copper.

2. Chilled Water Piping 2-1/2-inch and Larger: ASTM A53, Standard weight (Schedule 40), Grade B, electric resistance welded or seamless, [0.375 inch wall for sizes 12 inch and over,] black steel [with AWWA C105 polyethylene jacket, or double layer, half-lapped 10 mil polyethylene tape]. 

B. Fittings:

1. 2-inch and Smaller:  Wrought copper solder fittings and screwed adapters, ANSI B16.22.  Cast bronze solder joint fittings and screwed adapters, ANSI B16.18.  95 percent tin, 5 percent antimony solder, ASTM B32.

2. 2 1/2-inch and Larger:  Wrought-Steel, ASTM A 234/A 234M, butt weld or flanged [with double layer, half-lapped 10 mil polyethylene tape]. 

3. Joints: AWS D1.1, welded.

4. Dielectric Couplings threaded or sweat (unions not allowed) required at dissimilar metal junctures. 

C. Casing: [Closed glass cell insulation.] [Polyurethane insulation with high density polyethylene jacket and heat shrink sleeves.] [___]

D. Ductile Iron Pipe: AWWA C151.

1. Fittings: AWWA C110, ductile iron and standard thickness.

2. Joints: AWWA C111, rubber gasket with 3/4 inch diameter rods.  
ABS, PB, PE, PVC, CPVC, and like piping products are allowed only for marine projects.

E. PVC Pipe: ASTM D1785, Schedule 40, [and Schedule 80 for sizes 8 inch and larger,] or ASTM D2241, SDR 21 or 26.

1. Fittings: ASTM D2466, or ASTM D2467, PVC.

2. Joints: ASTM D2855, solvent weld.

F. FRP Pipe: ASTM D2310, fiberglass reinforced thermosetting resin plastic.

1. Fittings: Fiberglass reinforced epoxy.

2. Joints: [Hub-and-spigot with rubber gasket.] [Non-threaded, union or flanged coupling.]  
2.4 CHILLED WATER PIPING, ABOVE GRADE
A. Piping:
1. Chilled Water Piping 2-inch and Smaller: ASTM B88 Type “L” hard drawn copper.

2. Chilled Water Piping 2-1/2-inch and Larger: ASTM A53, Standard weight (Schedule 40), Grade B, electric resistance welded or seamless, [0.375 inch wall for sizes 12 inch and over,] black steel. 

B. Fittings:

1. 2-inch and Smaller:  Wrought copper solder fittings and screwed adapters, ANSI B16.22.  Cast bronze solder joint fittings and screwed adapters, ANSI B16.18.  95 percent tin, 5 percent antimony solder, ASTM B32.

2. 2 1/2-inch and Larger:  Wrought-Steel, ASTM A 234/A 234M, butt weld or flanged. 

3. Joints: Threaded or AWS D1.1 welded.

4. Dielectric Couplings threaded or sweat (unions not allowed) required at dissimilar metal junctures.  
The following is a proprietary fitting method that may not be acceptable on all Projects.

5. Tee Connections: Mechanically extracted collars with notched and dimpled branch tube.

6. Joints: [Solder, lead free, [ASTM B32,] 95-5 tin-antimony, or tin and silver, with melting range 430 to 535 degrees F.] [Braze, AWS A5.8 BCuP silver/phosphorus/copper alloy with melting range 1190 - 1480 degrees F.]  
Plastics generally are not approved for use in fire rated assemblies or through fire separations or may require approved fire stops. Confirm use for this application.

ABS, PB, PE, PVC, CPVC, and like piping products are allowed only for marine projects.

C. PVC Pipe: ASTM D1785, Schedule 40, [and Schedule 80 for sizes 8 inch and larger,] or ASTM D2241, SDR 21 or 26.

1. Fittings: ASTM D2466 or D2467, PVC.

2. Joints: ASTM D2855, solvent weld.

D. FRP Pipe: ASTM D2310, fiberglass reinforced thermosetting resin plastic.

1. Fittings: Fiberglass reinforced epoxy.

2. Joints: [Hub-and-spigot with rubber gasket.] [Non-threaded, union or flanged coupling.].
2.5 CONDENSER WATER PIPING, BURIED
A. Steel Pipe: ASTM A53, Schedule 40, [0.375 inch wall for sizes 12 inch and over,] black [with AWWA C105 polyethylene jacket, or double layer, half-lapped 10 mil polyethylene tape].  
1. Fittings: ASTM A234 forged steel welding type [with double layer, half-lapped 10 mil polyethylene tape].

2. Joints: Threaded for pipe 2 inch and under; AWS D1.1, welded for pipe over 2 inch.

B. Ductile Iron Pipe: AWWA C151.

1. Fittings: AWWA C110, ductile iron, standard thickness.

2. Joints: AWWA C111, rubber gasket with 3/4 inch diameter rods.

ABS, PB, PE, PVC, CPVC, and like piping products are allowed only for marine projects.

C. PVC Pipe: ASTM D1785, Schedule 40, [and Schedule 80 for sizes 8 inch and larger,] or ASTM D2241, SDR 21 or 26.

1. Fittings: ASTM D2466 or ASTM D2467, PVC.

2. Joints: ASTM D2855, solvent weld.

D. FRP Pipe: ASTM D2310, fiberglass reinforced thermosetting resin plastic.

1. Fittings: Fiberglass reinforced epoxy.

2. Joints: [Hub-and-spigot with rubber gasket.] [Non-threaded, union or flanged coupling.]  
2.6 CONDENSER WATER PIPING, ABOVE GROUND
A. Steel Pipe: ASTM A53, Schedule 40, [0.375 inch wall for sizes 12 inch and over,] black galvanized.

1. Fittings: ASTM B16.3, [galvanized] malleable iron or ASTM A234, galvanized forged steel welding type.

2. Joints: Threaded or AWS D1.1 welded.

Plastics generally are not approved for use in fire rated assemblies or through fire separations or may require approved fire stops. Confirm use for this application.

ABS, PB, PE, PVC, CPVC, and like piping products are allowed only for marine projects.

B. PVC Pipe: ASTM D1785, Schedule 40, [and Schedule 80 for sizes 8 inch and larger,] or ASTM D2241, SDR 21 or 26.

1. Fittings: ASTM D2466 or ASTM D2467, PVC.

2. Joints: ASTM D2855, solvent weld.

C. FRP Pipe: ASTM D2310, fiberglass reinforced thermosetting resin plastic.

1. Fittings: Fiberglass reinforced epoxy.

2. Joints: [Hub-and-spigot with rubber gasket.] [Non-threaded, union or flanged coupling.]  
2.7 RADIANT HEATING PIPING
ABS, PB, PE, PVC, CPVC, and like piping products are allowed only for marine projects.

A. Polybutylene Pipe: ASTM 3309, 100 psig at 180 degrees F and 100 psig at 73 degrees F, gray, black color.

1. Fittings: ASTM F845 PB, or brass or copper.

2. Joints: Mechanical compression fittings or insert

B. Polyethylene Pipe: ASTM F876 and ASTM F877, cross-linked polyethylene, 100 psig operating pressure at 180 degrees F.

1. Fittings: Brass and copper.

2. Joints: Mechanical compression fittings.

C. Composite Polyethylene Pipe: Aluminum tube laminated between two layers of [high density] [cross-linked] polyethylene, [150] [125] [___] psig operating pressure at maximum [140] [180] [___] degrees F.  
1. Fittings: Brass flared compression.

2. Joints: Fittings adapt to copper tubing or copper tube fittings, threaded pipe and fittings, and copper compression fittings.

D. Hose: Composite hose with nitrile liner, braided fiber reinforcing, neoprene cover, 150 psig operating pressure at 205 degrees F.

1. Fittings: Copper.

2. Joints: Nipple with stainless steel clamp.

2.8 EQUIPMENT DRAINS AND OVERFLOWS
A. Steel Pipe: ASTM A53, Schedule 40 galvanized.

1. Fittings: Galvanized cast iron, or ASTM B16.3 malleable iron.

2. Joints: Threaded, or grooved mechanical couplings.

Plastics generally are not approved for use in fire rated assemblies or through fire separations or may require approved fire stops. Confirm use for this application.

ABS, PB, PE, PVC, CPVC, and like piping products are allowed only for marine projects.

B. PVC Pipe: ASTM D1785, Schedule 40, [and Schedule 80 for sizes 8 inch and larger,] or ASTM D2241, SDR 21 or 26.

1. Fittings: ASTM D2466 or D2467, PVC.

2. Joints: ASTM D2855, solvent weld.

C. ABS Pipe: ASTM D2680 or D2751.

1. Fittings: ASTM D2751.

2. Joints: ASTM D2235, solvent weld.

2.9 ENGINE EXHAUST
A. Steel Pipe: ASTM A53, Schedule 40, [0.375 inch wall for sizes 12 inch and over,] black.

1. Fittings: ASTM B16.3, malleable iron or ASTM A234, forged steel welding type.

2. Joints: Threaded for pipe 2 inch and under; AWS D1.1 welded for pipe over 2 inch.

2.10 MEDIUM AND HIGH PRESSURE STEAM PIPING (150 PSIG MAXIMUM)
A. Steel Pipe: ASTM A53, Schedule 80, [0.375 inch for sizes 16 inch and over,] black Piping: Steam Piping: ASTM A53, [Schedule 40,] [Schedule 80,][ [0.375 inch for sizes 16 inch and over,] Grade B, electric resistance welded or seamless, black steel.  
1. Fittings:

a. 2-inch and Smaller: Malleable iron, ANSI B16.11/ASTM A105-II, threaded, Class 300

b. 2 1/2-inch and Larger:  Seamless Steel, ASME/ANSI B16.9, ASTM A234, grade WPB, butt weld (schedule to match pipe).  
2. Joints: Threaded or AWS D1.1 welded.

3. Flanges shall be minimum 150 pound forged steel, welding neck type, bored to the inside diameter of the pipe to which it is attached and with raised face. If valve or equipment has a flat face, then the mating flange shall be flat face.  
2.11 LOW PRESSURE STEAM PIPING (15 PSIG MAXIMUM)
A. Steel Pipe: ASTM A53, Schedule 40, [0.375 inch wall for sizes 12 inch and over,] Grade B, electric resistance welded or seamless, black steel. 

1. Fittings: ASTM B16.3 malleable iron Class 125, or ASTM A234 forged steel Class 125.  
2. Joints: Threaded, or AWS D1.1, welded.

3. Flanges shall be minimum 150 pound forged steel, welding neck type, bored to the inside diameter of the pipe to which it is attached and with raised face. If valve or equipment has a flat face, then the mating flange shall be flat face.

2.12 MEDIUM AND HIGH PRESSURE STEAM CONDENSATE PIPING
A. Steel Pipe: ASTM A53, Schedule 80, [0.375 inch wall for sizes 12 inch and over,] Grade B, electric resistance welded or seamless, black steel. 

1. Fittings: ASTM B16.3 malleable iron Class 125, or ASTM A234 forged steel Class 125. 

2. Joints: Threaded, or AWS D1.1, welded.

B. Flanges shall be minimum 150 pound forged steel, welding neck type, bored to the inside diameter of the pipe to which it is attached and with raised face. If valve or equipment has a flat face, then the mating flange shall be flat face.  
2.13 LOW PRESSURE STEAM CONDENSATE PIPING
A. Steel Pipe: ASTM A53, Schedule 80, [0.375 inch wall for sizes 12 inch and over,] Grade B, electric resistance welded or seamless, black steel. 

1. Fittings: ASTM B16.3 malleable iron Class 125, or ASTM A234 forged steel Class 125.  
2. Joints: Threaded, or AWS D1.1, welded.

3. Flanges shall be minimum 150 pound forged steel, welding neck type, bored to the inside diameter of the pipe to which it is attached and with raised face. If valve or equipment has a flat face, then the mating flange shall be flat face.  
2.14 REFRIGERANT PIPING
A. Copper Tubing: ASTM B280, Type ACR hard drawn [or annealed].

1. Fittings: ASME B16.22 wrought copper.

2. Joints: Braze, AWS A5.8 BCuP silver/phosphorus/copper alloy with melting range 1190 to 1480 degrees F.

B. Copper Tubing to 7/8 inch OD: ASTM B88, Type K, annealed.

1. Fittings: ASME B16.26 cast copper.

2. Joints: Flared.

C. Steel Pipe: ASTM A53, Schedule 40, [0.365 inch wall for sizes 12 inch and over,] black.

1. Fittings: ASTM A234 forged steel welding type.

2. Joints: AWS D1.1, welded.

2.15 UNIONS, FLANGES, AND COUPLINGS
A. Unions for Pipe 2 inches and Under:

1. Ferrous Piping: 150 psig malleable iron, threaded.

2. Copper Pipe: Bronze, soldered joints.

B. Flanges for Pipe Over 2 inches:

1. Ferrous Piping: 150 psig forged steel, slip-on.

2. Copper Piping: Bronze.

3. Gaskets: 1/16 inch thick preformed neoprene suitable for the intended service Phrase in brackets for POS Master Spec 15600.

C. Grooved and Shouldered Pipe End Couplings:

1. Housing Clamps: Malleable iron galvanized to engage and lock designed to permit some angular deflection, contraction, and expansion.

2. Sealing Gasket: C-shape elastomer composition for operating temperature range from [-30] [___] degrees F to [230] [___] degrees F.  
3. Accessories: Steel bolts, nuts, and washers.

D. Dielectric Connections: Union with galvanized or plated steel threaded end, copper solder end, water impervious isolation barrier.

2.16 GATE VALVES
A. Manufacturers: Crane, Stockham, Kennedy, Milwaukee, Or Approved Equal.  
Edit the following descriptive specifications to identify Project requirements.

B. Up to and including 2 inches: ASTM B62 bronze body, bronze trim, [screwed] [union] bonnet, [non-rising] [rising] stem, [lock-shield stem] [hand-wheel], inside screw [with back-seating stem], [solid] [split] wedge disc, [alloy seat rings,] [EPDM] [bronze] seat, [solder] [or] [threaded] ends.

C. Over 2 inches: ASTM A126 iron body, bronze trim, bolted bonnet, [rising] [non-rising], [nickel plated steel] stem, hand-wheel, outside screw and yoke, solid wedge disc with bronze seat rings, [EPDM] [bronze] seat, [flanged] [or] [grooved] ends.  
2.17 GLOBE OR ANGLE VALVES
A. Manufacturers: Crane, Stockham, Kennedy, Milwaukee, Or Approved Equal.  
Edit the following descriptive specifications to identify Project requirements.

B. Up to and including 2 inches: ASTM B62 bronze body, bronze trim, [screwed] [union] bonnet, rising stem and [hand-wheel] [lock-shield], inside screw [with back-seating stem], [EPDM] [renewable composition disc and [bronze] [EPDM] seat] [renewable plug disc and stainless steel seat ring], [solder] [or] [threaded] ends.

C. Over 2 inches: ASTM A126 iron body, bronze trim, bolted bonnet, rising stem, hand-wheel, outside screw and yoke, rotating plug-type disc with [EPDM seat,] [bronze seat,] renewable seat ring and [composition] disc, flanged ends.  
2.18 BALL VALVES
A. Manufacturers: Crane, Stockham, Apollo, Milwaukee, Or Approved Equal.  
Edit the following descriptive specifications to identify Project requirements.

B. Up To and Including 3 inches: [ASTM B584 Bronze] [Stainless steel] two piece body, full port, [chrome plated brass] [stainless steel] ball, [RTFE] [PTFE] seats and stuffing box ring, lever handle [with balancing stops], [solder] [or] [threaded] ends [with union].

C. Over 3 inches: Cast steel body, chrome plated steel ball, Teflon seat and stuffing box seals, lever handle, [or gear drive hand wheel for sizes 10 inches and over,] flanged.  
2.19 PLUG VALVES
Edit the following descriptive specifications to identify Project requirements.

A. Up To and Including 2 inches: Bronze body, bronze tapered plug, [40 percent] [70 percent] [full] port opening, non-lubricated, Teflon packing, threaded ends. Provide one plug valve wrench with setscrew for every ten or portion of 10 valves.

B. Over 2 inches: Cast iron body and plug, [40 percent] [70 percent] [full] port opening, pressure lubricated, Teflon packing, flanged ends. Provide each plug valve with a wrench with setscrew.  
2.20 BUTTERFLY VALVES
A. Manufacturers: Crane, Stockham, Kennedy, Milwaukee, Or Approved Equal.  
Edit the following descriptive specifications to identify Project requirements.

B. Body: Cast or ductile iron with resilient replaceable EPDM seat, lug ends, extended neck.

C. Disc: [Aluminum bronze] [Chrome plated ductile iron] [Ni. Pl. ductile iron]. [stainless steel].

D. Operator: [10 position lever handle] [Infinite position lever handle with memory stop] [Hand wheel and gear drive].  
2.21 SWING CHECK VALVES
Edit the following descriptive specifications to identify Project requirements. Swing check valves are preferred for steam service.
A. Manufacturers: Crane, Stockham, Kennedy, Pentair, Or Approved Equal.  
B. Check valves for shall be rated for [200] [300] [600] psig CWP.

C. Y-pattern swing check, bronze body, bronze or brass disc, Class 300, threaded connections for 2-inch and smaller.

D. Horizontal Check Valve: Iron body, bronze or cast iron disc, Class 250, flanged ends, bolted cap for 2-1/2-inch and larger.

E. Up To and Including 2 inches: Bronze body, bronze trim, bronze rotating swing disc, with composition disc, [solder] [or] [threaded] ends.

F. Over 2 inches: Iron body, bronze trim, bronze or bronze faced rotating swing disc, renewable disc and seat, flanged ends.  
2.22 ]SPRING LOADED CHECK VALVES
Edit the following descriptive specifications to identify Project requirements.

A. Iron body, bronze trim, split plate, hinged with stainless steel spring, resilient seal bonded to body, wafer or threaded lug ends.

2.23 TRAPS

A. General

1. Allow access to internal parts without disturbing piping, top test plug, bottom drain plugs.

2. All steam traps shall be selected in compliance with Fluid Controls Institute (FCI) Standard FCI 65-3 (Standards for Determining Industrial Steam Trap Capacity Rating). and FCI 69-1 (Pressure Rating Standard for Steam Traps).

3. Manufacturers: Armstrong, Bell&Gossett, Hoffman, Spirax-Sarco, Or Approved Equal.  
B. Inverted Bucket Traps

Edit the following descriptive specifications to identify Project.

1. Trap:

a. Construction: [ASTM A126,] Cast iron [or semi-steel] body with bolted cover, [brass] [or] [stainless steel] bucket, stainless steel seats and plungers, and stainless steel lever mechanism with knife edge operating surfaces.

b. Rating: [60] [120] [250] [___] psig WSP.

c. Provide traps with capacity of three times maximum condensing rate of equipment or piping served.

d. Accessories: [Integral inlet strainer of [brass] [or] [stainless steel]] [Integral inlet check valve] [integral bimetal air vent] [vertical stabilizer tube thread into inlet opening and capped with solid baffle disc designed to prevent inrush of condensate from impinging on bucket] [copper gasket].  
C. Float and Thermostatic Traps

Edit the following descriptive specifications to identify Project.

1. Trap:

a. Construction: ASTM A126, cast iron [or semi-steel] body and bolted cover, [stainless steel] [bronze], [ bellows] [automatic corrosion resistant] type air vent, stainless steel or copper float, stainless steel lever and valve assembly

(1) Rating: [15 psig] [30 psig] [75 psig] [125 psig] [150 psig] [300 psig] WSP.

(2) Accessories: Gage glass with shut-off cocks.  

D. Thermodynamic Traps

Edit the following descriptive specifications to identify Project.

1. Trap:

a. Construction: Stainless steel body, disc, and cap.

b. Rating: [300 psig] [600 psig] WSP.

c. Features: [Stainless steel insulating cap] [1/4 inch steel blow down valve] [integral strainer].  
E. Thermostatic Traps

Edit the following descriptive specifications to identify Project requirements and to eliminate any conflict with manufacturers above.

Bodies of ASTM A126 cast iron and brass are limited to 225 psig service. ASTM A395 cast iron and ASTM A216 cast steel are rated above 225 psig. Use phosphor bronze to 225 psig, Monel to 300 psig, and stainless steel for higher pressures. Radiator traps with the internal ball joint union are commonly brass bodies with phosphor bronze bellows, and are limited to the 125-psig WSP range.

1. Pressure Balanced:

a. Trap: [ASTM A395 cast iron] [brass] [ASTM A216 WCB cast steel] body and bolted or screwed cover [and integral ball joint union] for [125 psig] [225 psig] [300 psig] [600 psig] WSP. [Phosphor bronze] [Monel] [Stainless steel] bellows, stainless steel valve and seat; [integral stainless steel strainer].

2. Freeze Proof:

a. Trap: Cast iron body for 300 psig WSP, bronze bellows, stainless steel valve and seat, external adjustment.

3. Bimetallic:

a. Trap: ASTM A105 forged steel body and cover, for 300 psig WSP, bimetal element with stainless steel components, integral Type 304 stainless steel strainer screen, [1/4 inch blow down valve].  
2.24 REFRIGERATION VALVES
A. Manufacturers: Alco, Henry, Sporlan, Or Approved Equal.  
Edit the following descriptive specifications to identify Project requirements.

B. Diaphragm Packless Valves:

1. UL listed, globe or angle pattern, forged brass body and bonnet solder or flared ends.

2. Phosphor bronze and stainless steel diaphragms, rising stem and hand wheel.

3. Stainless steel spring, nylon seats, disc with positive back seating.

4. Maximum working pressure of 500 psig

5. Maximum temperature of 275 degrees F.

C. Packed Angle Valves:

1. Forged brass [or nickel-plated forged steel], solder or flared ends.

2. Forged brass seal caps with copper gasket, rising stem and seat [with back seating,] molded stem packing.  

3. Maximum working pressure of 500 psig

4. Maximum temperature of 275 degrees F.

D. Ball Valves:

1. Two piece [bolted] forged brass body with Teflon ball seals and copper tube extensions, brass [bonnet and] seal cap, chrome plated ball, stem with neoprene ring stem seals

2. Maximum working pressure of 500 psig and

3. Maximum temperature of [300] [325] degrees F.

E. Service Valves: Forged brass body with copper stubs, brass caps, removable valve core, [integral ball check valve,] flared or solder ends, for maximum pressure of 500 psig.  

2.25 REFRIGERATION CHECK VALVES
A. Manufacturers: Alco, Henry, Sporlan, Or Approved Equal.  
Edit the following descriptive specifications to identify Project requirements.

B. Globe Type: Cast bronze or forged brass body, forged brass cap with neoprene seal, brass guide and disc holder, phosphor-bronze or stainless steel spring, Teflon seat disc; for maximum working pressure of [425] [450] [500] psig and maximum temperature of 300 degrees F.  
C. Straight Through Type: spring, neoprene seat; for maximum working pressure of 500 psig and maximum temperature of [200] [250] degrees F.  
2.26 REFRIGERATION PRESSURE REGULATORS
A. Manufacturers: Alco, Henry, Sporlan, Or Approved Equal.  
Edit the following descriptive specifications to identify Project requirements.

B. Brass body, stainless steel diaphragm, [direct acting] [pilot operated with remote pressure pilot], adjustable over [0 to 80 psig] range, for maximum working pressure of [450] [___] psig.  
2.27 REFRIGERATION PRESSURE RELIEF VALVES
A. Manufacturers: Alco, Henry, Sporlan, Or Approved Equal.  
Edit the following descriptive specifications to identify Project requirements.

B. Straight Through or Angle Type: Brass body and disc, neoprene seat, factory sealed and stamped with ASME UV and National Board Certification NB; for standard [235] [300] [350] [400] [425] [450] psig setting; selected to ASHRAE 15.  
2.28 REFRIGERATION SOLENOID VALVES
A. Manufacturers: Alco, Henry, Sporlan, Or Approved Equal.  
Edit the following descriptive specifications to identify Project requirements.

B. Valve: ARI 760, pilot operated, copper or brass [or steel] body and internal parts, synthetic seat, stainless steel stem and plunger assembly, [integral strainer,] with flared, solder, or threaded ends; for maximum working pressure of [500] [450] [300] psig. Stem shall permit manual operation in case of coil failure.

C. Coil Assembly: [UL 429,] UL listed, replaceable with molded electromagnetic coil, moisture and fungus proof, with surge protector and color coded lead wires, integral junction box [with pilot light].

D. Electrical Characteristics: [___] watts, [___] volts, single phase, 60 Hz.  
2.29 REFRIGERATION EXPANSION VALVES
A. Manufacturers: Alco, Henry, Sporlan, Or Approved Equal.  
Edit the following descriptive specifications to identify Project requirements.

B. Angle or Straight Through Type: ARI 750; design suitable for refrigerant, brass body, internal or external equalizer, [bleed hole,] [mechanical pressure limit (maximum operating pressure MOP feature),] [adjustable] [non-adjustable] superheat setting, replaceable inlet strainer, with [non-replaceable] [replaceable] capillary tube and remote sensing bulb [and remote bulb well.]  
C. Selection: Evaluate refrigerant pressure drop through system to determine available pressure drop across valve. Select valve for maximum load at design operating pressure and minimum 10 degrees F superheat. Select to avoid being undersized at full load and excessively oversized at part load.

2.30 ELECTRONIC EXPANSION VALVES
Edit the following descriptive specifications to identify Project requirements.

A. Valve:

1. Brass bodies with flared or solder connection, needle valve with floating needle and machined seat, stepper motor drive.

2. Capacity: Nominal [___] tons.

3. Electrical Characteristics: [12] [___] VA, [12] [___] volts DC.

B. Evaporation Control System:

1. Electronic microprocessor based unit in enclosed case, proportional integral control with adaptive superheat, maximum operating pressure function, pre-selection allowance for electrical defrost and hot gas bypass.

2. Electrical Characteristics: [12] [___] VA, [220/115] [115] volts, single phase, 50/60 Hz.

C. Refrigeration System Control: Electronic microprocessor based unit in enclosed case, with proportional integral control of valve, on/off thermostat, air temperature alarm (high and low), solenoid valve control, liquid injection adaptive superheat control, maximum operating pressure function, night setback thermostat, timer for defrost control.

2.31 FLEXIBLE CONNECTORS
A. Manufacturers: Mason, Metraflex, Keflex, Flexonics, Or Approved Equal.  
Edit the following descriptive specifications to identify Project requirements.

B. Corrugated stainless steel, bronze hose with single layer of stainless steel exterior braiding, minimum 9 inches long with copper tube ends; for maximum working pressure [500] [400] [350] [300] psig.  
PART 3   EXECUTION

3.1 PREPARATION
A. Ream pipe and tube ends. Remove burrs. [Bevel plain end ferrous pipe.]  
B. Remove scale and dirt on inside and outside before assembly.

C. Prepare piping connections to equipment with flanges or unions.

D. Keep open ends of pipe free from scale and dirt. Protect open ends with temporary plugs or caps.

E. After completion, fill, clean, and treat systems.

3.2 INSTALLATION
A. Install heating water, glycol, [chilled water,] condenser water, and engine exhaust piping in conformance with ASME B31.9. [Install chilled water piping to ASME B31.5.]  
OR

B. Sleeve pipe passing through partitions, walls and floors.

C. Install piping to allow for expansion and contraction without stressing pipe, joints, or connected equipment. 
D. Provide hangers and supports. 
E. Provide clearance in hangers and from structure and other equipment for installation of insulation and access to valves and fittings. 
F. Provide access where valves and fittings are not exposed. [Coordinate size and location of access doors with Section 08 30 00 - Special Doors.]  
G. Slope piping and arrange systems to drain at low points. Use eccentric reducers to maintain top of pipe level.

Include the following for steam systems.

H. Steam Systems:
1. Steam Piping: Where possible, install piping with a 1" minimum drop in 20' pipe run in direction of steam flow. Otherwise, install with 1" minimum drop in 40' pipe run. Install branch piping with a 1" minimum drop in 10' pipe run in direction of steam flow. Install branch piping at top of main, either in vertical direction or at 45° from vertical and perpendicular to main. Install run-out piping to terminal units with 1" minimum drop in 4' pipe run in direction of flow. Install with greater drop where expansion or contraction may cause air entrapment. Install eccentric reducer where pipe is reduced in size, with bottoms of both pipe and reducer flush. Locate reducers 18" minimum from branch connection. Install high pressure drip legs as required, and at 300' intervals of high pressure steam piping mains. Install low pressure drip legs as required, and at 100' intervals of low pressure steam piping mains.  
2. Hot Water Heating Mains: Connect to top of main at a 45 degree angle and pitch down toward main for up feed risers. Connect to bottom of main at a 45 degree angle and pitch down toward riser for down feed risers. Provide at least three elbows between mains and risers with piping between elbows not less than 2'-0" long. Install risers straight and plumb. Install reducers approximately 3'-0" beyond last branch where main changes size. Install piping to assure complete drainage of system with hose bibs at low points. Install automatic air vents to all high points of system with copper tube discharge to sewer.

3. Condensate Piping: Install condensate piping to return steam condensate collection. Comply with applicable steam piping installation requirements except install piping with 1" minimum drop in 40' pipe run in direction of flow. Install flash legs as required to enable high pressure condensate to pass through flash leg prior to entering gravity low pressure condensate return. Discharge steam into relief vent line or low pressure steam main.

4. Bypass Piping: Except as otherwise indicated, fabricate and install bypass piping using same materials and in same plane as connected piping, but one pipe size smaller. Include gate, globe or other valves in bypass piping.

5. Drip Legs: Except as otherwise indicated, fabricate drip legs from 2" pipe. Install to direct steam vertically downward; include tee fitting in vertical pipe; and install dirt leg pipe at 180 deg. outlet of tee fitting. At 90 deg. outlet of tee fitting connect valve, strainer, trap, and second valve. Provide trap with continuous flow capacity of 1.5 lbs/hr. of condensate per square foot of surface of drained pipe. Install bypass piping around strainer and trap. Install drip legs at both ends of steam headers, at low points and at vertical offsets in piping runs where low points do not drain by natural flow, and elsewhere as indicated.

Include the following for high pressure steam systems.

a. High Pressure: Close dirt leg pipe with blind flange.

Include the following for low pressure steam systems.

b. Low Pressure: Close dirt leg pipe with cap or coupling and plug.

6. Flash Legs: Fabricate flash legs from oversize pipe; cap pipe ends and mount on pipe stand. Include safety valve.

7. Equipment Connections: Except as otherwise indicated, comply with the following where equipment connections are indicated. Install control valves and bypass valves one size smaller than piping to equipment. Install check valves where check valves are indicated as vacuum breakers. Where traps are indicated, install outlet piping same size as trap. Connect assemblies with nipples wherever possible. Provide 3/4" strainer blowoff piping.

Include the following for low pressure steam reheat coil (1 high) with 2 way control valve. Modify for two high coil

8. Reheat Coils: Install low pressure steam piping connections to one high reheat coils. Install strainer and two way control valve with valved bypass in supply piping; include pressure gage trap in supply piping adjacent to coil. Install vacuum breaker located in accordance with coil manufacturer's written instructions. Pipe outlet of coil to drip leg, strainer with valved blowoff and float and thermostatic trap. Pipe outlet of trap to condensate piping.

Include the following for low pressure steam preheat coil with 2 way control valve

9. Preheat Coils: Install low pressure steam piping connections to preheat coil. Pipe parallel control valves in parallel; install strainer with valved blowoff upstream of parallel piping, valved bypass around strainer and parallel valves in supply piping; include vacuum breaker. Pipe outlet of coil to drip leg, strainer with valved blowoff, and float and thermostatic trap. Pipe outlet of trap to condensate piping.

Include the following for convector.

10. Convectors: Install steam piping connections to convectors. Install two way control valve in supply piping. Pipe outlet to strainer with valved blowoff; make blowoff connection line size for 1/2" lines, and 3/4" for larger lines; pipe to thermostatic trap. Pipe outlet of trap to condensate piping.

Include the following for steam systems.

I. For steam and condensate systems:
1. Sectional Valves: Install on each branch and riser, close to the main, where branch or riser serves 2 or more steam heating terminals or equipment connections and elsewhere as indicated.

2. Shutoff Valves: Install on inlet and outlet of each mechanical equipment item, and on inlet of each steam heating terminal, and elsewhere as indicated.

3. Drain Valves: Install on each mechanical equipment item located to completely drain equipment for service or repair. Install at base of each riser, at base of each rise or drop in piping system, and elsewhere as indicated or required to completely drain steam or condensate piping system.

4. Check Valves: Install on discharge side of each condensate pump, and elsewhere as indicated.

5. Safety Valves: Install safety valves where indicated.

J. Install valves with stems upright or horizontal, not inverted.

K. Use grooved mechanical couplings and fasteners only in accessible locations.

L. Install unions downstream of valves and at equipment or apparatus connections. Do not use direct welded or threaded connections to valves, equipment or other apparatus.

M. Install [gate] [ball] [or] [butterfly] valves for shut-off and to isolate equipment, part of systems, or vertical risers.  
N. Install [globe] [ball] [or] [butterfly] valves for throttling, bypass, or manual flow control services.  
O. Provide spring loaded check valves on discharge of water pumps.

P. Provide flow controls in water re-circulating systems where indicated.

Q. Use butterfly valves [in heating water systems] [in chilled and condenser water systems] [in heating, chilled and condenser water systems] interchangeably with gate and globe valves.  
R. Use only butterfly valves in chilled and condenser water systems for throttling and isolation service.

S. Use lug end butterfly valves to isolate equipment.

T. Use 3/4 inch [gate] [ball] valves with cap for drains at main shut-off valves, low points of piping, bases of vertical risers, and at equipment.  
U. Follow ASHRAE 15 procedures for charging and purging of systems and for disposal of refrigerant.

V. Arrange refrigeration piping to return oil to compressor. Provide traps and loops in piping, and provide double risers as required. Slope horizontal piping 0.40 percent in direction of flow.

W. Flood refrigerant piping system with nitrogen when brazing.

X. Provide replaceable cartridge filter-dryers, with isolation valves and bypass with valve.

Y. Locate expansion valve sensing bulb immediately downstream of evaporator on suction line.

Z. Provide external equalizer piping on expansion valves with refrigerant distributor connected to evaporator.

AA. Install flexible connectors at right angles to axial movement of compressor, parallel to crankshaft.

AB. Fully charge completed system with refrigerant after testing.

AC. Provide electrical connection to solenoid valves. 

3.3 FIELD QUALITY CONTROL
A. Section 01 45 16.13 - Contractor’s Quality Control Program.

B. Clean, flush and inspect steam systems as follows: Clean by thoroughly flushing with water until all dirt and foreign materials have been removed. Maintain flushing operations for not less than one hour and until piping is clean. Not less than 80 psi flushing pressure. Inform owner two days in advance so he may witness cleaning.

C. Test steam piping systems as follows: Conduct for a period of not less than 8 hours at 150% operating pressure, [___] psig minimum. Repair any leaks and retest. Inform owner two days in advance so he may witness testing. Clean strainers after testing.

D. Test refrigeration system in accordance with ASME B31.5.

E. Pressure test refrigeration system with dry nitrogen to 200 psig. [Perform final tests at 27 inches vacuum and 200 psig) using [halide torch.] [electronic leak detector.]] Test to no leakage.  
3.4 SCHEDULES
Provide a schedule when the Project has many types of equipment.

Refer to Port of Seattle Aviation/Facilities and Infrastructure “Mechanical Systems Standards, January 22, 2014”.
PART 4   MEASUREMENT AND PAYMENT
4.1 GENERAL
A. No separate measurement or payment will be made for the Work required by this section. The cost for this portion of the Work will be considered incidental to, and included in the payments made for the applicable bid items in the [Schedule of Unit Prices] [Lump Sum price bid for the Project].

End of Section
Revision History:

05/01/2014 Conversion to 2004 CSI Numbering System

10/15/2014 Added Sole Source and Salient Characteristics Note to Part 2 and revisions
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