This master should be used by designers working on Port of Portland construction projects and by designers working for PDX tenants (“Tenants”).  Usage notes highlight a few specific editing choices, however the entire section should be evaluated and edited to fit specific project needs.

SECTION 232000 - HVAC PIPING
PART 1 -  GENERAL

1.1 DESCRIPTION

A. This section describes piping, pipe fittings, and incidental related items as required for complete piping systems.

1.2 RELATED WORK SPECIFIED ELSEWHERE

A. Section 015713, Temporary Erosion, Sediment, and Pollution Control 

B. Section 230500, Common Work Results for HVAC

C. Section 230529, Hangers and Supports for HVAC Piping and Equipment

D. Section 230545, Seismic Restraints for HVAC Piping and Equipment

E. Section 230548, Vibration, and Seismic Controls for HVAC Piping and Equipment

F. Section 230553, Identification for HVAC Piping and Equipment

G. Section 230590, Pressure Testing of HVAC Systems

H. Section 230593, Testing, Adjusting, and Balancing

I. Section 230719, HVAC Insulation

J. Section 232500, HVAC Water Treatment

K. Section 312000, Site Clearing and Earthwork

L. Section 312300, Trenching, Backfilling, and Compacting

M. Section 312319, Dewatering

1.3 REFERENCES

A. ANSI:  American National Standards Institute

1. ANSI B16.1: Gray Iron Pipe Fittings and Flanged Fittings: Classes 25, 125, and 250
B. ASTM:  American Society for Testing and Materials

1. ASTM A47: Standard Specification for Ferritic Malleable Iron Castings
2. ASTM A53 or A120: Standard Specification for Pipe, Steel, Black and Hot-Dipped, Zinc-Coated, Welded and Seamless
3. ASTM A135: Standard Specification for Electric-Resistance-Welded Steel Pipe
4. ASTM A183: Standard Specification for Carbon Steel Track Bolts and Nuts
5. ASTM A234: Standard Specification for Piping Fittings of Wrought Carbon Steel and Alloy Steel for Moderate and High Temperature Service
6. ASTM A307: Standard Specification for Carbon Steel Bolts, Studs, and Threaded Rod 60 000 PSI Tensile Strength
7. ASTM B88: Standard Specification for Seamless Copper Water Tube
8. ASTM F876: Standard Specification for Crosslinked Polyethylene (PEX) Tubing
C. AWWA:  American Water Works Association

1. AWWA C209: Cold-Applied Tape Coatings for Steel Water Pipe and Fittings
2. AWWA C214: Tape Coating Systems for the Exterior of Steel Water Pipelines
1.4 SUBMITTALS

A. Product Data:  Submit product data for products specified herein.

B. Shop Drawings:  Submit shop drawings of HVAC systems layout, coordinated with the work of other divisions and existing facilities, systems, equipment, and components.

C. Test Reports and Certificates:  Submit certificates of inspections and pipe tests to the Port.

D. Other:  Submit certified welders’ certificates.

1.5 QUALITY ASSURANCE

A. Regulatory Requirements:  Piping material and installation shall meet requirements of the local building codes and serving utility requirements.

B. Pipe Cleaning:  Should any pipe be plugged or should foaming of water systems occur, disconnect piping, reclean, and reconnect with no additional cost to the Port.

C. Correct any damage to the building or systems resulting from failure to properly clean the system with no additional cost to the Port.

PART 2 -  PRODUCTS

2.1 LIGHT WALL BLACK STEEL PIPE

A. Pipe: ASTM A135 or A53.

1. For chilled water and heating water piping 8 inches and over:

	Size
	Schedule
	Wall Thickness
	Joint Working Pressure

	8"
	20
	.250
	500

	10"
	20
	.250
	500

	12"
	20
	.250
	400

	14"
	20
	.312
	250

	16"
	20
	.312
	250

	18"
	20
	.312
	250

	20"
	20
	.375
	250

	24"
	20
	.375
	250


B. Fittings:  Roll grooved ends with mechanical couplings, unless specified as welded piping.

C. Service:  Chilled and heating water 8 inches and over
2.2 BLACK STEEL PIPE, SCHEDULE 40

A. Pipe:  Schedule 40, in accordance with ASTM A120 or A53.

B. Fittings:  150-pound screwed malleable iron on 2 inches and below, Schedule 40 welded fittings in accordance with ASTM A234 for 2 1/2 inches and above or mechanical couplings on select piping as herein specified.  Fittings below grade shall be welded fittings.  All elbows on pumped systems shall be long radius type.  Short radius elbows are not acceptable for use except when approved by the Port on a case-by-case basis.

C. Service:

1. Chilled and heating water piping.

2. Miscellaneous drains and overflows.

3. Emergency generator exhaust.  Mechanical couplings not permitted.
4. Safety and relief valve discharge.  Mechanical couplings not permitted.
5. Chemical treatment.

6. High pressure steam.  Mechanical couplings not permitted.
7. Low pressure steam.  Mechanical couplings not permitted.
8. Steam vent.  Mechanical couplings not permitted.
2.3 GALVANIZED STEEL PIPE

A. Pipe:  Schedule 40 in accordance with ASTM A120.

B. Fittings:  150-pound screwed galvanized malleable iron on 2 inches and below.  Mechanical couplings as herein specified on 2 1/2 inches and above.

C. Service:  Miscellaneous indirect waste piping.
2.4 BLACK STEEL PIPE, SCHEDULE 80

A. Pipe:  Schedule 80, in accordance with ASTM A120 or A53.

B. Fittings:  Extra heavy Class 300 screwed cast iron on 2 inches and below, extra strong welding fittings in accordance with ASTM A234 for 2 1/2 inches and above.

C. Service:  Pumped and gravity steam condensate return.

2.5 COPPER PIPE

A. Pipe:  Hard drawn copper tubing, Class L or K, ASTM B88.

B. Fittings:  Wrought copper, 150 psi, solder joint type, Chase, Revere, Mueller, or equal.  

C. Service:

1. Industrial cold water above grade (Type L) on piping 4 inches and smaller.

2. At Contractor’s Option:  Chilled and heating water piping (Type L, hard drawn) up to and including 2 1/2 inches.

3. Refrigerant piping (Type L, hard drawn, ACR cleaned).  Soft drawn copper piping is permitted for use at points of equipment connection, with no kinks, and a maximum length of 6 inches.
2.6 FLANGED JOINTS

A. Flanges shall be cast iron or steel for screwed piping and forged steel welding neck for welded line sizes.  Pressure rating and drilling shall match the apparatus, valve or fitting to which they are attached.  Flanges shall be in accordance with ANSI B16.1; 150‑pound for system pressures to 150 psig; 300-pound for system pressures 150 psig to 400 psig.  Gaskets shall be 1/16-inch thick, Cranite or equal, ring type, coated with graphite and oil to facilitate making a tight joint.  Make joint using American Standard hexagon head bolts, lock washers and nuts (in accordance with ASTM A307 GR.B) for service pressures to 150 psig; alloy steel stud bolts, lock washer and American Standard hexagon head nuts (in accordance with ASTM A307 GR.B) for service pressures 150 psig to 400 psig.  Use length of bolt required for full nut engagement.  Provide electro-cad plated bolts and nuts on cold and chilled water lines.

2.7 UNIONS

A. Unions shall be 150 psi malleable iron or brass, brass to iron seat, ground joint, black or galvanized to match pipe.  200 psi WOG bronze, ground joint, solder type for copper tubing.  Use of dielectric unions is not permitted.

2.8 DIELECTRIC NIPPLE

A. Iron body with zinc plated external coating, 150 psi, plastic dielectric coating on inside of nipple, and NPT x NPT connections.  Grooved ends are not permitted.

2.9 DIELECTRIC FLANGE

A. Iron body with zinc plated coating and bronze body, 175 psi, Buna-N gasket for chilled water, optional EPDM gasket for hot water and any system with water above 150°F, bolted flange with bolt isolation gaskets and metal washers, and NPT iron pipe by soldered copper connections.  Use Watts series 3100, or equal.
2.10 MECHANICAL PIPE COUPLINGS AND FITTINGS

A. Acceptable Manufacturers:  Victaulic, Gruvlok, or pre-bid approved equal.

B. Flexible Couplings and Fittings:

1. Coupling housing shall be zero flex rigid type coupling with angled bolt pad design.  Similar to Victaulic Type 07.  Only use flexible couplings when expansion contraction, deflection, or noise and vibration is to be dampened.  Flexible coupling shall be similar to Victaulic Type 77.  Coupling gasket shall be similar to Victaulic’s Grade E molded synthetic rubber, Grade No. R615BZ.  Flushseal gasket configuration on all applications.  Coupling bolts shall be oval neck track head type with hexagonal heavy nuts in accordance with ASTM A183.

2. Fittings used with pipe couplings shall be fabricated of malleable iron castings in accordance with ASTM A47.  Where malleable fitting pattern is not available, fittings fabricated from Schedule 40 steel pipe or standard wall seamless welding fittings with grooved ends may be used.  Elbows on pumped systems shall be long radius type.

C. Service:

1. Chilled water inside building and utility tunnels.

2. Heating water below 230ºF inside building and utility tunnels.

2.11 SOLDER

A. Copper Piping and Joints:  Westinghouse Phos-Copper, Dyna-Flow by J.W. Harris Co. Inc., or equal.

B. Valves, Cast Fittings, or Bronze Fittings:  Harris Stay-Silv-15, Handy & Harmon Sil-Fos, or equal.

C. Water Piping:  All-State 430 with Duzall Flux, Engelhard Silvabrite with Engelhard General Purpose Flux, J.W. Harris Co. Stay-Safe 50 with Stay-Clean Flux, or equal, on 3 inches and smaller.  On larger pipe, use Type “A” solder.

2.12 UTILITY MARKERS

A. Provide plastic utility warning tape and locate wire over all buried piping in accordance with Section 312300, Trenching, Backfilling, and Compacting.

2.13 PIPE WRAPPING

A. For all below ground steel piping and fittings, provide complete covering of Scotchrap No. 51, or equal, 20 mil thickness, protective tape applied over Scotchrap pipe primer applied at 1 gallon per 800 square feet of pipe surface.

B. At the Contractor’s option, pipe may be furnished with factory applied jacket of “X‑tru-coat” with Scotchrap as previously specified for field joints.

2.14 RADIANT FLOOR HEATING PIPING

A. Approved Manufacturer:  Wirsbo PePEX, or equal.

B. Description:

1. Tubing cross-linked polyethylene oxygen diffusion barrier tubing rated at 180ºF maximum working temperature and 100 psi working pressure.  Manufacture the tubing in accordance with ASTM F876 using the Engel method.

2. Manufacture the fittings with dezincification resistant brass with barbed insert, compression ring, and compression nut, be compatible with the tubing, and do not permit excessive oxygen permeation.

C. Service:  Slab Heating.

2.15 FLEXIBLE CONNECTOR

A. Expansion Joint/Seismic Connector:

1. T304 stainless steel hose and braid, Schedule 40 radius elbows and 180° bend, flange or weld end Schedule 40 fittings.  Metraflex Metraloop or equal.

2. Accept differential support displacement without damaging pipe, equipment connections, or support connections.

B. Flexible Connectors to Air Terminal Units

1. T304 stainless steel hose and braid, Schedule 40, flange or weld end Schedule 40 fittings.  Metraflex Hose and Braid or equal.

2. Accept differential support displacement without damaging pipe, equipment connections, or support connections.

2.16 EXPANSION COMPENSATOR FOR FINNED TUBE RADIATION

A. Acceptable Manufacturers:  Keflex, Flexonics, or equal.

B. Single Expansion Joint:  Internally pressurized, Type 300 stainless steel bellows, telescoping shrouds female copper tubing ends, 2-inch traverse, 150 psig tested, 300ºF maximum temperature, similar to Keflex Type 11QTL.

2.17 PIPING, HANGERS, SUPPORTS, ANCHORAGE, AND SEISMIC RESTRAINTS

A. Conform to the requirements of Section 230529, Hangers and Supports for HVAC Piping and Equipment; Section 230545, Seismic Restraints for HVAC Piping and Equipment; and Section 230548, Vibration, and Seismic Controls for HVAC Piping and Equipment.

PART 3 -  EXECUTION

3.1 PREPARATION

A. Measurements, Lines, and Levels:

1. Check dimensions at the building site and establish lines and levels for the work specified in this section.

2. Establish all inverts, slopes and manhole elevations by instrument, working from an established datum point.  Provide elevation markers for use in determining slopes and elevations in accordance with the drawings and specifications.

3. Use established grid and area lines for locating trenches in relation to buildings and boundaries.

3.2 EXCAVATION AND BACKFILL

A. Perform all necessary excavation and backfill required for the installation of mechanical work in accordance with Section 312000, Site Clearing and Earthwork, and Section 312300, Trenching, Backfilling, and Compacting.  Repair pipelines or other work damaged during excavation and backfilling.  Provide dewatering and temporary erosion control in accordance with Section 312319, Dewatering, and Section 015713, Temporary Erosion, Sediment, and Pollution Control.

B. All cast iron, steel, and copper piping shall be full bedded on sand.  Place a minimum 4‑inch‑deep layer on the leveled trench bottom for this purpose.  Remove the sand to the necessary depth for piping bells and couplings to maintain contact of the pipe on the sand for its entire length.  Lay all other piping on a smooth level trench bottom, so that contact shall be made for its entire length.

3.3 PIPING INSTALLATION

A. Piping installed in areas of relative inaccessibility or in areas where leakage could cause significant damage shall not use mechanical couplings.  Piping in these areas shall be soldered or welded.  Areas include enclosed vertical shafts, above IT rooms, above electrical rooms, above hard lid ceilings, and as indicated on the drawings.

B. Install unions in all non-flanged or non-mechanical coupling piping connections to apparatus and adjacent to all screwed valves, traps, and appurtenances requiring removal for servicing, located so that piping may be disconnected without disturbing the general system.

C. Mechanical Couplings:

1. On systems using galvanized pipe and fittings, galvanize fittings at factory.

2. Before assembly of couplings, lightly coat pipe ends and outside of gaskets with approved lubricant.

3. Pipe grooving shall be in accordance with manufacturer’s specifications contained in latest published literature.

4. Expansion and contraction allowance for chilled water piping:  Allow 1/8 inch per coupling, with piping installed to allow 1/16-inch movement in either direction, and installation at 70ºF.  Make appropriate adjustments when installing at other temperatures.

5. Expansion and contraction allowance for pumped condensate piping:  Allow 1/4 inch per coupling, with piping installed to allow 3/4 inch of expansion and installation at 40ºF.  Make appropriate adjustments when installing at other temperatures.

D. Install all piping to vent and drain.

E. Support all piping independently so that its weight is not be carried by the equipment.

F. Run piping clear of tube cleaning or removal/replacement access area on coils, etc.

G. Install utility warning tape and locate wire over the entire length of the underground piping utilities in accordance with Section 312300, Trenching, Backfilling, and Compacting.

H. Underground Water Systems:  Provide mechanical joint restraints or concrete thrust blocks, prior to testing pipe, at changes in direction.  Block size as required for types of fittings involved.

I. Dielectric Fittings:  Provide dielectric nipples or flanges between dissimilar metals.  Fittings shall be suitable for the pressure and temperature to be encountered.  Dielectric unions are not permitted.  Only install dielectric flanges in areas that are easily accessible.
J. Copper Grooved Piping System:  Install in accordance with the manufacturer’s latest published literature.

K. Expansion Joints/Seismic Connectors:  Install where piping crosses building expansion joints and where indicated on drawings.  Install in accordance with the manufacturer’s instructions.

L. Flexible Connectors to Air Terminal Units: Install where piping connects to air terminal units and where indicated on drawings.  Install in accordance with the manufacturer’s instructions.

M. High and Low Pressure Steam Piping:  Slope piping in direction of flow, 1 inch in 40 feet.

3.4 PIPING JOINTS

A. Join pipe and fittings using methods and materials recommended by the manufacturer, in accordance with standard practice and applicable codes.  Clean, cut, ream, groove, etc., with proper tools and equipment.  Hacksaw pipe cutting is prohibited.  Peening of welds to stop leaks is not permitted.

B. Copper Piping:

1. Soldered Joints:  Cut pipe evenly with cutter, ream to full inside diameter; end of pipe and inside of fitting thoroughly cleaned and polished.  Joint shall be uniformly heated, and capillary space completely filled with solder, leaving full bead around entire circumference.

C. Do not install couplings in floor, wall, or grade beam sleeves.

D. Steel Piping:

1. Screwed Joints:  Cut pipes evenly with pipe cutter, and ream to full inside diameter, with all burrs and cuttings removed.  Joints shall be made up with suitable lubricant or Teflon tape, applied to male threads only, leaving two threads bare.  Tighten joints so not more than two threads are left showing.  Make junctions between galvanized steel waste pipe and bell of cast iron pipe with tapped spigot or half coupling on steel pipe to form spigot end, and caulk.

2. Flanged Joints:  Pressure rating of flanges shall match valve or fitting joined.  Joint gaskets shall be coated with graphite and oil.

E. Welded Joints:

1. Preparation for Welding:  Bevel piping on both ends before welding.

a. Use following weld spacing on all buttwelds:

	Nominal Pipe Wall Thickness
	Spacing
	Bevel

	1/4" or less
	1/8"
	37 1/2"

	Over 1/4", less than 3/4"
	3/16"
	27 1/2"


b. Before welding, remove all corrosion products and foreign material from surfaces.

2. Welded Joints:  Joints shall be made by the arc-welding process using ASME certified welders.  Port openings of fittings shall match the inside diameter of the pipe to which they are welded.  Use full radius welding elbows for all turns; use welding tees for all tees.  Use reducing fittings for size reduction.  Weldolets may be used for branches up through one-half the pipe size of the main to which they are attached.  Nipples will not be allowed.

3. Welding Operation:

a. After deposition, clean each layer of weld metal to remove slag and scale by wire brushing or grinding.  Chip where necessary to prepare for proper deposition of next layer.

b. Weld reinforcement no less than 1/16 inch nor more than 1/8 inch above normal surface of jointed sections.  Reinforcement shall be crowned at center and tapered on each side to surfaces being joined.  Exposed surface of weld shall be free of depressions below surface of jointed members.

c. Do not perform welding when temperature of base metal is lower than 0ºF.  Material to be welded during freezing temperatures shall be made warm and dry before welding is started.  Metal shall be warm to the hand or approximately 60ºF.

F. Screwed Joints:  Use Teflon tape or Teflon liquid dope applied to male threads only.

3.5 INSTALLATION, PIPE WRAP

A. Install in accordance with AWWA C209 and C214.

B. Apply in accordance with the manufacturer’s instructions.

C. Apply wrapping to fittings in field after installation.

3.6 CLEANING

A. Clean interior of all piping before installation.

3.7 INSTALLATION, RADIANT FLOOR HEATING SYSTEM PIPING

A. Install piping in accordance with the manufacturer’s instructions.

3.8 EXPANSION COMPENSATORS FOR FINNED TUBE RADIATION

A. Install in accordance with the manufacturer’s instructions.

B. Furnish and install pipe guide as recommended by the manufacturer.

END OF SECTION 232000
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