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SECTION 23 2113
HYDRONIC PIPING AND VALVES
Revise and edit this Section by deleting and inserting text to meet Project-specific requirements.
GENERAL
SUMMARY
Section Includes for heating water, chilled water, process cooling loops, and condenser water systems; makeup water for these systems; blow down drain lines; and condensate drain piping.  These are non-potable water applications and low lead or lead free fittings and materials are not required; they may be used subject to submittal requirements:
Copper tube and fittings.
Steel pipe and fittings.
Stainless steel pipe and fittings.
Joining materials.
General requirements for valves
Angle valves
Ball valves
Gate valves
Check valves
Butterfly valves
Manual balancing valves
Pressure-reducing valves
Safety valves
Automatic flow limiting devices
Pressure sustaining valve
Manual air vents
Automatic air vents
Expansion tanks
Air separators
Strainers
Suction diffusers
Chemical pot feeder
Chain wheels
Retain following paragraph only if HTW piping is being installed on this project.
Campus High Temperature Water system requirements are specified in Division 23 Section “High Temperature Water System.” 
Various sizes and types of materials and valves are prohibited for use as noted within the specification section. 
DEFINITIONS
Retain terms that remain after this Section has been edited for a project.
Bronze: An alloy consisting primarily of copper and tin.
Brass: An alloy consisting primarily of copper and zinc. 
CWP: Cold working pressure.
EPDM: Ethylene propylene copolymer rubber.
PTFE: Polytetrafluoroethylene commonly called by the trade name Teflon®
Red Brass: Alloy consisting of not less than 85% copper with the balance being zinc and minor constituents. 
RPTFE: Reinforced Polytetrafluoroethylene.
SWP: Steam working pressure.
WOG: Water, oil, and gas.
ACTION SUBMITTALS
Product Data:  For each type of valve indicated.  Include flow and pressure drop curves based on manufacturer's testing for valves, diverting fittings, manual calibrated balancing valves, and automatic flow-control valves. Material properties including percentage of zinc, copper, tin, and minor metals, where specified. 
Piping, fittings, and accessories Data:  For each type of materials indicated, including gaskets.
Shop Drawings:  Floor plans and elevations (AutoCAD required if over 50 feet of piping or a complicated installation because of existing conditions) of complete new piping installation to show support locations, fittings, dimensions, piping materials, dielectric fittings if needed, anchors, alignment guides, expansion joints and loops, and connection to existing.  Detail fabrication of pipe anchors, hangers, special pipe support assemblies, alignment guides, expansion joints and loops, and their attachment to the building structure.  
INFORMATIONAL SUBMITTALS
Retain "Welding certificates" Paragraph below if retaining "Steel Support Welding" or "Pipe Welding" Paragraph in "Quality Assurance" Article.
Welding Certificates:  Copies of certificates for welding procedures and personnel.
Field Test Reports:  Written reports of tests specified in Part 3 of this Section.  Include the following:
Test procedures used.
Test results that comply with requirements.
Failed test results and corrective action taken to achieve requirements.
CLOSEOUT SUBMITTALS
Operation and Maintenance Data: For hydronic piping specialties to include in emergency, operation, and maintenance manuals.
QUALITY ASSURANCE
Retain "Steel Support Welding" and "Pipe Welding" paragraphs below for welded supports or piping. Retain "Welding certificates" Paragraph in "Informational Submittals" Article if retaining below. AWS states that welding qualifications remain in effect indefinitely unless welding personnel have not welded for more than six months or there is a specific reason to question their ability.
Steel Support Welding: Qualify procedures and personnel according to AWS D1.1/D1.1M, "Structural Welding Code - Steel."
Pipe Welding: Qualify procedures and operators according to ASME Boiler and Pressure Vessel Code: Section IX.
Comply with ASME B31.9, "Building Services Piping," for materials, products, and installation.
Certify that each welder has passed AWS qualification tests for welding processes involved and that certification is current.
ASME Compliance:  Comply with ASME B31.9, "Building Services Piping," for materials, products, and installation.  Safety valves and pressure vessels shall bear the appropriate ASME label.  Fabricate and stamp air separators and expansion tanks to comply with the ASME Boiler and Pressure Vessel Code, Section VIII, Division 1.
DELIVERY, STORAGE, AND HANDLING
Prepare valves for shipping as follows:
Protect internal parts against rust and corrosion.
Protect threads, flange faces, and weld ends.
Block swing-check valves in either closed or open position.
Set ball valves open to minimize exposure of functional surfaces.
Set gate, angle and globe valves closed to prevent rattling.
Set butterfly valves closed or slightly open.
Use the following precautions during storage:
Maintain valve or fitting end protection.
Store valves and fittings indoors and maintain at higher-than-ambient-dew-point temperature. If outdoor storage is necessary, store valves off the ground in watertight enclosures.
Use sling to handle large valves and fittings; rig sling to avoid damage to exposed parts. Do not use operating handles, handwheels, or stems as lifting or rigging points.
COORDINATION
Coordinate layout and installation of hydronic piping and suspension system components with other construction, including light fixtures, HVAC equipment, fire-suppression-system components, and partition assemblies.
Coordinate pipe sleeve installations or coring of foundation wall penetrations.
Coordinate piping installation with roof curbs, equipment supports, and roof penetrations.  Roof specialties are specified in Division 07 Section “Roof Accessories.”
Coordinate pipe fitting pressure classes with products specified in related Sections.
Coordinate size and location of concrete bases.  Cast anchor-bolt inserts into base.  Concrete, reinforcement, and formwork requirements are specified in Division 03 Section “Cast-In-Place Concrete.”
Coordinate installation of pipe sleeves or coring of existing walls for penetrations through exterior walls and floor assemblies.  Coordinate with requirements for firestopping specified in Division 07 Section "Penetration Firestopping" for fire and smoke wall and floor assemblies.
PRODUCTS
MANUFACTURERS
Manufacturers:  Subject to compliance with requirements, provide products by one of the listed manufacturers and as follows:
Materials:
Certified to ASTM B584-14 and ASTM B61
Provide manufacturer’s certifications showing material properties
Bronze containing not less than 85% copper by weight. 
Brass shall be dezincification resistant as shown by manufacture’s test data and approved by the University’s Representative. 
[bookmark: OLE_LINK3]Or Equal:  Where products are specified by manufacturers name and accompanied by the term "or equal,” comply with provisions in Division 01. Specific procedures must be followed before use of an unnamed product or manufacturer.
PIPING MATERIALS
General:  Refer to Part 3 "Piping Applications" Article for applications of pipe and fitting materials.
Coordinate piping material articles below with "Piping Applications" Article in Part 3.  Delete materials not used.  
COPPER TUBE AND FITTINGS
Drawn-Temper Copper Tubing: ASTM B88, Type L.
Copper Fittings:  ASME B16.22.
Cast or Wrought-Copper, bronze, or brass Unions:  ASME B16.22.
Cast Copper Alloy Flanges: ASME B16.24, Class 150 and 300, flat-face type
Solder Filler Metals:  ASTM B32, 95-5 tin antimony.
Flanges for Copper Piping shall be class 150 bronze; 
NIBCO 771 
NIBCO 775
Smith-Cooper 16TH1
Smith-Cooper 16BL1  
Mueller F-900
Or equal
Two piece flanges are prohibited. 
STEEL PIPE AND FITTINGS
Minimum steel pipe size recommended for hydronic piping is NPS 3/4.
Steel Pipe, NPS ¾ through NPS 1½:  ASTM A53, Type S (seamless) Grade B, Schedule 40, black steel, plain ends.
Steel Pipe, NPS 2 through NPS 10:  ASTM A53, Type S (seamless), and Type ERW (welded) Grade B, Schedule 40, black steel, plain ends.
Steel Pipe, NPS 12 and larger:  ASTM A53, Type S, and Type ERW (welded) Grade B, 0.375 inch wall thickness, black steel, plain ends.
Steel Pipe Nipples:  ASTM A733 made of ASTM A53, Schedule 40, black steel; seamless.
Malleable-Iron Threaded Fittings:  ASME B16.3, Classes 150 and 300.
Malleable-Iron Unions:  ASME B16.39; Classes 150, 250, and 300.
Wrought, Cast-, and Forged-Steel Flanges and Flanged Fittings:  ASME B16.5, including bolts, nuts, and gaskets of the following material group, end connections, and facings:
Material Group:  1.1.
End Connections:  Butt welding.
Facings:  Raised face or flat face.  Match valve or fitting face (flat face with flat faced and raised face with raised face. 
Welding Materials:  Comply with Section II, Part C, of the ASME Boiler and Pressure Vessel Code for welding materials appropriate for wall thickness and for chemical analysis of pipe being welded.
Flexible Connectors and Expansion Joints:  See Division 23 Section “Expansion Fittings and Loops for HVAC Piping.”
Steel Pipe Nipples: ASTM A733, made of same materials and wall thicknesses as pipe in which they are installed.
Due to campus experience with multiple catastrophic failures, groove-joint piping, fittings, and connectors are prohibited in hydronic piping systems.
STAINLESS STEEL PIPE AND FITTINGS
Stainless steel pipe: ASTM Type 304 or 316 Stainless Schedule 40, 20, or 10 as specified for the job.  
Stainless Pressure Fittings: compatible with material and wall thickness to the pipe.
Stainless steel flanges: class 150 weld-neck compatible with pipe material.
Stainless Steel Unions: prohibited for schedule 20 and 10.
Stainless Press Fittings: compatible with pipe.
JOINING MATERIALS
Flange Gasket Materials: Suitable for chemical and thermal conditions of piping system contents.
Chilled Water, Process Cooling Water, or Condenser Water:
ASME B16.21, nonmetallic, flat, asbestos free, ⅛-inch minimum thickness. Full-Face Type: For flat-face, cast-iron, steel, and cast-bronze flanges.
AWWA C110, rubber, flat face, ⅛ inch thick and full-face type.
Heating Water:
ASME B16.21, nonmetallic, flat, asbestos free, ⅛-inch thickness. Full-Face Type: For flat-face, cast-iron, steel, and cast-bronze flanges.
Spiral wound gaskets with metallic centering ring and compression stop for raised face flanges. Provide Flexitallic LSI or equal. 
Flange Bolts and Nuts: 
Chilled Water, Process Cooling Water, or Condenser Water: 
ASTM A193 hot-dip galvanized heavy hex-head bolts with heavy hex nuts conforming to ASTM F2329. Do not provide studs instead of bolts.
Stainless Steel Conforming to ASTM F593 Alloy Group 2 (316L) with a minimum tensile strength of 75,000 psi with heavy hex nuts matching quality and provided with anti-gal coating on the threads (either factory or field applied). Where heavy hex head bolts are not provided, install washer under head of each bolt. Do not provide studs instead of bolts.  
Where copper flanges are used, provide stainless steel as described herein or Silicon Bronze bolts and heavy hex nuts conforming to ASTM F468 and having a minimum tensile strength of 70,000 psi with heavy hex nuts of matching quality. Do not provide studs instead of bolts. 
Provide approved anti-seize compound on threads of each nut in accordance with the manufacturer’s written instructions. 
Heating Water:
ASTM A193 Grade B7 heavy hex head bolts with grade 2H heavy hex nuts. Do not provide studs instead of bolts. 
Where copper flanges are used, provide stainless steel as described herein or Silicon Bronze bolts and heavy hex nuts conforming to ASTM F468 and having a minimum tensile strength of 70,000 psi with heavy hex nuts of matching quality. Do not provide studs instead of bolts. 
Provide approved anti-seize compound on threads of each nut in accordance with the manufacturer’s written instructions. 
Brazing Filler Metals: AWS A5.8, BCuP Series, copper-phosphorus alloys for joining copper with copper; or BAg-1, silver alloy for joining copper with bronze, or steel.
Welding Filler Metals: Comply with AWS D10.12 for welding materials appropriate for wall thickness and chemical analysis of steel pipe being welded.
GENERAL REQUIREMENTS FOR VALVES AND SPECIALTIES
Source Limitations for Valves: Obtain each type of valve from single source from single manufacturer.
ASME Compliance:
ASME B1.20.1 for threads for threaded-end valves.
ASME B16.1 for flanges on iron valves.
ASME B16.5 for flanges on steel valves.
ASME B16.10 and ASME B16.34 for ferrous valve dimensions and design criteria.
Valve solder-joint end connections are not recommended for valves in HVAC piping. Soldering and brazing methods used to achieve required pressure-temperature ratings may damage internal valve parts. Special installation requirements for soldered valves may make threaded valves more cost-effective.
ASME B16.18 for solder-joint connections.
ASME B31.1 for power piping valves.
ASME B31.9 for building services piping valves.
Bronze valves shall be made with dezincification-resistant materials. Bronze valves made with copper alloy (brass) containing more than 15 percent zinc are prohibited.
HVAC ball valve applications specified in this Section are limited to NPS 10.
Refer to HVAC valve schedule articles for applications of valves.
Caution: Revise pressure ratings and insert temperature ratings in valve articles if valves with higher ratings are required. Valves larger than NPS 12 typically have a lower pressure rating than smaller valves. Verify pressure requirements for large valves.
Valve Pressure-Temperature Ratings: Not less than indicated and as required for system pressures and temperatures.
Valve Sizes: Same as upstream piping unless otherwise indicated.
Valve Actuator Types:
Gear Actuator: For ball valves NPS 3 and larger.
Hand lever: For ball valves smaller than NPS 3.
Valves in Insulated Piping:
Include 2-inch or longer stem extensions.
Extended operating handle of non-thermally-conductive material, and protective sleeves that allow operation of valves without breaking the vapor seals or disturbing insulation.
Memory stops that are fully adjustable after insulation is applied.
Drain Connections: MSS SP-45.
Combination duty type valves or fittings (e.g. “Triple Duty” and combination shut-off valve with flow limiter or strainer, etc.) are prohibited.  
Coil Assemblies: provide individual threaded components, ball valves, control valve, automatic flow limiting device, fitted with pressure and temperature test valves, strainer, and designed for 300 psig at 250°F for air handling coils, and duct, or terminal mounted heating coils. See Campus Standard piping details as shown on drawings.
VALVES
Angle Valves: (Sizes ½ to 6”, typical)
Angle Valves (½”-2”), shall be Bronze, class 300 SWP - 1000 WOG with bronze or stainless renewable disc, union bonnet, with threaded ends conforming to MSS SP-80. 
Milwaukee Figure 582
Crane Figure 384P
Or equal
Angle Valve (2½” to 6”) shall be cast iron or steel angle-pattern valves with bronze or stainless trim.
NIBCO Figure F-818-B
Crane Figure 353
Or equal
Ball Valves: (Sizes NPS  ½”– 4”, typical)
Ball valves (½”-4”), shall be two-piece style, full port, bronze body (ASTM B62 or B584) with type 316 stainless steel  ball & stem and PTFE (or RPTFE) seats and seals.  Valves shall be rated for 600 WOG & 150 SWP (non-shock).  Valves shall have adjustable packing glands and blow-out proof (internally retained) stems and shall comply with the latest edition of MSS-SP-110.  Threaded end (FNPT) ball valves only; use male adapters where required in soldered end applications.  Supply valves with stem extensions which clear 2” of piping insulation when installed in insulated services.
Conbraco Industries, Inc.; Apollo Division figure 77-140.
Milwaukee Valve figure BA400S.
Hammond Valve figure 8303A.
NIBCO figure T-585-70-66.
Or equal.
Ball valves (2½” to 4”): Consult with University. Typically successful valves have been similar to above with gear actuators. 
AWWA, Cast-Iron or Ductile Iron Gate Valves for chilled water, cooling and condensing (non-heating water) applications:
Manufacturers:
American AVK
American Flow Control Div.
Clow Valve 
Kennedy Valve M&H Valve Company
Mueller Company
United States Pipe and Foundry Company
Or equal.
Nonrising-Stem, Resilient-Seated Gate Valves:  AWWA C509, gray- or ductile-iron body and bonnet; with bronze or gray- or ductile-iron gate, resilient seats, bronze or stainless steel stem, and stem nut. Fasteners shall be stainless steel. These valves have flat-face flanges and shall be bolted to flat face flanges. Connecting to raised-face flanges is prohibited. 
Minimum Working Pressure:  200 AWWA 250 psig.; UL FM 200 psig
Above Ground End Connections:  Flanged or threaded for 3-inches and smaller only.
Below Ground End Connections: Mechanical Joint, Flanged, or threaded for 3-inches and smaller only. 
Interior and Exterior Coating:  Fusion Bonded Epoxy Complying with AWWA C550, epoxy.
Metal thickness shall meet AWWA C509 standards whether using gray or ductile iron. The wall thickness reduction allowable for AWWA C515 is prohibited. 
Ductile Iron or Cast Steel Gate Valves for heating water applications:
Manufacturers:
Bonney Forge
Crane Valves.
Milwaukee Valve Company.
NIBCO Figure F-637 
Powell Valves
Pima Valve, Inc.
Stockham Div.
Walworth Valves
Or equal.
Ductile Iron Gate Valves, General:  MSS SP-128, Type I.
150 psi saturated steam to 366°F, 250 psi non-shock cold working pressure, Outside screw and yoke, Bolted bonnet, Solid wedge, Bronze trim, Class 150 raised face flanged end connections.
150 psi saturated steam to 366°F, 250 psi non-shock cold working pressure, Outside screw and yoke, Bolted bonnet, Solid wedge, Stainless steel trim, Class 150 raised face flanged end connections.
Cast Steel Gate Valves, General: 
ASME Pressure Class 150 Outside screw and yoke, bolted bonnet, solid wedge, API#8 Trim (13% Cr to hard face).
OS&Y Gate valves: Provide lubrication fitting at yoke. 
Check Valves:
Sizes NPS ½ to 2:  Ball-Check, spring type, Class 150, MSS-SP-80, two-piece bronze body and seat, full port, blowout proof, threaded ends, stainless steel ball, stem, and spring, Teflon elastomers, Buna-N disc. 
Conbraco Industries
Crane Valves
NIBCO INC. 
Stockham Div.   
Or equal.
Sizes NPS  ½– 2½:  Bronze Swing Check Valves with Bronze Disc, Class 150:
Standard: MSS SP-80, Type 3.
CWP Rating: 300 psig.
Body Design: Horizontal flow.
Body Material: ASTM B62, bronze.
Ends: Threaded.
Disc: Bronze.
Manufacturers:
Conbraco Industries
Crane
NIBCO, Inc.
Stockham
Or Equal
Sizes NPS  3” – 12”:  Iron Swing Check Valves with Metal Seats, Class 125:
Standard: MSS SP-71, Type I.
CWP Rating: 200 psig.
Body Design: Clear or full waterway.
Body Material: ASTM A126, gray iron with bolted bonnet.
Ends: Flanged.
Trim: Bronze.
Gasket: Asbestos free.
Chilled Water installation:  Provide interior and exterior fusion bonded epoxy coating complying with AWWA C550.
Manufacturers: 
Crane Valves.   373.
NIBCO INC.   F-918-B.
Pima Valve, Inc.
Stockham, G931.
Or equal.
Butterfly valves are energy inefficient valves and can only be used only for 14” pipe and larger 
Butterfly Valves less than 14-inch NPS are prohibited:  Where permitted in primary infrastructure at the Central Plant or chilled water distribution system, they shall meet the following requirements:
Sizes NPS 14 and larger in above-ground applications:  150 psig CWP rating, MSS SP-67, Type I, Carbon Steel Construction, tight shut-off, flanged type with one piece stem, 200° F. rating, 316 stainless steel disc and shaft or bronze disc with 416 stainless steel shaft, PTFE coated stainless bearing, EPDM shaft seal, PTFE shaft seal for NPS 24 and larger, EPDM seat material, with manual sintered bronze gear or Scotch Yoke operator, and hand wheel. Lever actuators are prohibited.  Provide interior and exterior fusion bonded epoxy coating complying with AWWA C550.
General Signal; DeZurik Unit. BAW. 
Henry Pratt Company:  2FII.
Or equal.
Sizes NPS 14 and larger in below ground applications:  Class 150B AWWA Standard C504 Cast Iron butterfly valve Groundhog by Henry Pratt Company or equal (no known equal) with mechanical joint connections.
Manual Balancing Valves: 
Manufacturers:  Subject to compliance with requirements, provide products by one of the following:
Griswold Controls.
NuTech Hydronic Specialty Products 
Or equal.
The only application for manual balancing valves on campus is at air handlers with split coils where space limitations make installing reverse-return piping impractical. In these rare cases, provide valves meeting the following:
Manual Calibrated Balancing Valves, NPS 2, and Smaller:  Forged brass body, stainless steel ball, 600-psig working pressure, 250 deg. F maximum operating temperature, and having threaded or union ends.  Valves shall have metallic calibrated orifice or venturi; connections for portable differential pressure meter with integral seals, and shall have a memory stop to retain manually set position.
Manual Calibrated Balancing Valves, NPS 2½, and Larger:  Cast-iron or steel body, stainless steel ball type, ANSI class 150 flanged ends, 240-psig working pressure, and 250 deg. F maximum operating temperature.  Valves shall have metallic calibrated orifice or venturi; connections for portable differential pressure meter with integral seals, and shall have a memory stop to retain manually set position.
Pressure-Reducing Valves:  
Manufacturers:  Subject to compliance with requirements, provide products by one of the following:
Conbraco Industries, Inc.
Watts Industries, Inc.; Watts Regulators.
Zurn-Wilkins Model 500, 600, or 70 series for pressures exceeding 15 psig.
Zurn-Wilkins Model 80 BR for pressures 15-psig and under
Or equal.
Diaphragm-operated, bronze, or brass body with low inlet pressure check valve, inlet strainer removable without system shutdown, and noncorrosive valve seat and stem.  Select valve size, capacity, and operating pressure to suit system.  Valve shall be factory set at operating pressure and have capability for field adjustment. 
Safety Valves:  
Manufacturers:  Subject to compliance with requirements, provide products by one of the following:
Conbraco Industries, Inc.
ITT McDonnell & Miller Div.; ITT Fluid Technology Corp.
Kunkle Valve Division.
Spence Engineering Company, Inc.
Or equal.
Diaphragm-operated, bronze body with stainless steel, PTFE, or rubber, wetted, internal working parts; shall suit system pressure and heat capacity and shall comply with the ASME Boiler and Pressure Vessel Code, Section IV.
Automatic Flow Limiting Device:  
Manufacturers:  Subject to compliance with requirements, provide products by one of the following:
Griswold Controls
NuTech Hydronic Specialty Products 
Or equal
Factory set to limit flow to a maximum value plus or minus 5 percent over system pressure fluctuations, and equipped with test ports.  Each valve shall have an identification tag outside of insulation attached by chain, and be factory marked with the zone identification, valve number, and flow rate.  The body shall bear factory standard product tag.  Valve shall one of the following designs depending on the system:  
Internal flow limiting components shall be metallic.  Composite or plastic materials are prohibited.
Valve bodies may be cast bronze, brass containing not more than 12% zinc or approved dezincification-resistant brass, stainless steel, malleable iron, ductile iron, or cast iron to match piping system. Provide valves to minimize the potential for galvanic corrosion (e.g. bronze or brass valve in copper piping and malleable iron in a steel piping system). 
Gray-iron rated at not less than 200 psig at 250 deg. F with stainless-steel cartridge/piston and spring.
Forged dezincification-resistant Brass body, rated at not less than 360 psig at 250 deg. F with stainless-steel cartridge/piston and spring. 
Valves in chilled water and heating water systems shall be selected for the 1 to 20 psi differential range or less. Install larger than line-size valve if capacity is not available at that range. Permanent pressure loss shall not exceed 5 feet of head. 
Pressure Sustaining Valve shall be provided in buildings when chilled water system is piped to an elevation greater than 140 feet above mean sea level: 
The Campus open chilled water system uses one type of valve for this critical service.  The valve was formerly manufactured by Roll Seal.  Cla-Val bought Roll Seal and continues to manufacture the valve.  The model number mentioned may change. The intent is to ensure the features listed herein. 
Provide hydraulically operated pilot actuated automatic control valve for pressure sustaining, relief and back pressure service.  The main valve shall consist of only two parts, a stainless steel body and an elastomeric liner or control element.  The valve control system shall maintain inlet pressure at a predetermined set point; shall open as pressure starts to increase above the set point, and close as pressure falls below the set point.  
Minimum range ability shall be 500:1 based on capacity at flowing pressure conditions.  
Critical Flow factor (Cf) shall be greater than or equal to 0.9.  
Body: 316L stainless steel. 
Liner: EPDM. 
Liner Retainer: 316 Stainless Steel.
The pressure sustaining pilot control shall be a direct-acting adjustable spring loaded control which opens when upstream pressure exceeds the spring setting on the pilot.  The pilot control system shall include strainer and needle valve, pressure relief control, isolation valves, check valves, drain and CV speed control (opening).  Provide all stainless steel fittings, appurtenances, tubing, and piping. Provide the optional isolation valves and pressure gauges for ease of service and set up. 
Provide spring range for pilot regulator not exceeding 120 psig at maximum setting. Typically, 75 psig should be sufficient. Do not use the standard 30-300 psig spring range as this provides difficult low-end adjustment. 
Direct factory representative shall provide start-up service, inspection and necessary adjustments.
Valve shall be Cla-Val Co. Model No. 750-01 Combination Sustaining and Back Pressure Valve as manufactured by Cla-Val Co., Newport Beach, CA 92659-0325 or equal.  
For buildings with potential to have zero chilled water flow, provide motorized shut-off valve upstream of the valve.  This will also require motorizing the discharge isolation valve at the chilled water booster pump.
Refer to Part 3 “Valve Applications” Article for applications of each valve.
HYDRONIC SPECIALTIES
Manual Air Vent Bronze body ball valve with stainless steel ball; NPS ½ or ¾ with tubing to allow discharge of water into a bucket or pail. 
Automatic Air Vent: vents shall be cast brass, rated for 150 psig design pressure and 270°F operating temperature.  Units to include non-ferrous floats, stainless steel linkage, and a Viton® seal which closes against a brass spring operated seat.  Units shall come complete with a 20-year limited warranty against defects in materials and workmanship. Spirotop® by Spirotherm, or equal. 
Expansion Tanks:  
Manufacturers:  Subject to compliance with requirements, provide products by one of the following:
Amtrol, Inc.
Armstrong Pumps, Inc.
Taco, Inc.
Wheatley, American
Or equal.
Welded carbon steel, rated for 150-psig working pressure and 375 degrees F maximum operating temperature with rustproof coating.  Separate air charge from system water to maintain design expansion capacity by a flexible diaphragm securely sealed into tank.  Include drain fitting and taps for pressure gage and air-charging fitting.  Support vertical tanks with steel legs or base; support horizontal tanks with steel saddles.  Factory fabricate and test tank with taps and supports installed and labeled in accordance with the ASME Boiler and Pressure Vessel Code, Section VIII, Division 1, shipped with minimum of 12 psig charge.
Air Separators:  
Manufacturers:  Subject to compliance with requirements, provide products by one of the following:
Spiro Research Company; Spirotherm, Inc.
Wheatley, American
Or equal
Welded black steel; ASME constructed and labeled for 150 psig minimum working pressure and 250°F. maximum operating temperature; tangential Viton seal and O-ring brass vent head and skim valve, copper coalescing medium, non-ferrous float, in-line inlet and outlet connections; threaded connections for NPS 2 and smaller; flanged connections for NPS 2½ and larger; threaded blow down connection.  Provide units in sizes for full-system flow capacity with pressure loss performance of less than one foot of water, and maximum velocity of 4 feet per second, as manufactured by Spirotherm, Wheatley or equal.  Provide greater than line size units as required to meet the performance requirement of less than one foot of water pressure loss at design flow capacity.
Y-Pattern Strainers NPS 2 and smaller:  
Strainers 2-inch and smaller for heating and air conditioning water service shall be based on Watts No. LF777 or equal strainer by Hellan Strainer Company,  Armstrong or equal, 400 WOG bronze body, threaded, Y-pattern, 20-mesh stainless steel screen, with a full size drain connection and ball valve.
Low Pressure Drop Y-Pattern Strainers NPS 2½ and larger:
Strainers 2½-inch and larger for heating and air conditioning water service shall be The Metraflex Company®, Chicago, IL, model LPD, Hellan Strainer Company,  or equal, ASTM A126-B cast-iron, ASTM B61 bronze, or stainless steel body, flanged, Y-pattern, type 304 or 316 stainless steel screen, with a drain connection and ball valve (as described elsewhere herein).  Strainer shall be suitable for horizontal and vertical mounting.
Y Strainer shall be low pressure drop design with the following minimum CV values:
2½ NPS	  160
3 NPS	  236
4 NPS	  460
5 NPS	  600
6 NPS	  952
8 NPS	1,580
10 NPS	2,424
12 NPS	3,200
Screen perforations shall be:
For liquid service for sizes 2 to 3 NPS perforation shall be 0.045”
For liquid service for sizes 4 to 12 NPS perforation shall be 0.125”
Provide start-up strainer.
Screens shall be removable via an access cover sealed with O-ring.
Provide NPS ¼, ⅜, or ½ pressure differential ports, placed on each side of the screen.
Strainer shall be equipped with a blow-off  port.  
Port shall be NPS ½ or larger for pipe sizes 2 to 3 NPS 
Port shall be NPS 1 or larger  for pipe sizes 4 to 12 NPS.
Strainer connections shall be class 125 or 150 flanges
Suction Diffuser Flex:  Connectors mounted at the suction side of pumps shall be located upstream of the inlet elbow, and incorporate specially designed stationary vanes that impart a rotational motion as the fluid enters the elbow. Vanes to be capable of counteracting elbow induced turbulence, enabling the fluid to negotiate the turn uniformly, and exit with a flat velocity profile. Suction side flexible connectors shall be model "Suction Diffuser Flex" as manufactured by The Metraflex Company®, Chicago, IL. Model SDFL90 or SDFL90R or equal.
Provide flex with carbon steel standard weight 90° long radius elbow or long radius reducing elbow.
End connection to be ANSI class 150 carbon steel plate flanges.
Flexible hose section to be 304 stainless steel, close pitch, annular corrugated hose with a type 304 braided outer covering.
Overall length to allow for a minimum of 0.125 inch intermittent flexing.
Chemical Pot Feeder: ASME certified, bypass type, 200 psig at 250°F, steel body, one-gallon to two-gallon size with inlet and outlet ball valves and drain package. Provide removable lid for filling. 
Griswold Water Systems.
Wessels Tank Company.
Wingert, JL.
Or equal. 
CHAIN WHEELS
Description: Valve actuation assembly with sprocket rim, chain guides, chain, or if chainwheel does not mount directly to the valve stem or gearbox shaft attachment brackets for mounting chain wheels directly to hand wheels.
Sprocket Rim with Chain Guides: Ductile iron or Aluminum, of type and size required for valve.   Include zinc or epoxy coating for exterior use.
Chain: Hot dip galvanized steel for mechanical rooms and exterior use, or 304 Stainless steel, of size required to fit sprocket rim.
EXECUTION
EXAMINATION
Examine valves and fittings interior for cleanliness, freedom from foreign matter, and corrosion. Remove special packing materials, such as blocks, used to prevent disc movement during shipping and handling.
Operate valves in positions from fully open- to fully-closed. Examine guides and seats made accessible by such operations.
Examine threads on valve and mating pipe for form and cleanliness.
Examine mating flange faces for conditions that might cause leakage. Check bolting for proper size, length, and material. Verify that gasket is of proper size, that its material composition is suitable for service, and that it is free from defects and damage.
Do not attempt to repair defective valves; replace with new valves.
PIPING APPLICATIONS
Coordinate applications below with materials specified in Part 2 of this Section.  Pipe sizes at which joining methods change are between NPS 2 and NPS 2-1/2.  Adjust this change point to suit personal preference.  Adjust accessories so no dissimilar metals are used.
Hot Water Heating, Chilled Water, Process Cooling Water, or Condenser Water above ground Piping:
NPS 2 and smaller:  Type L copper; with soldered wrought copper and cast copper alloy fittings. Schedule 40 seamless steel pipe and class 300 malleable iron threaded fittings. 
NPS 2½ and larger:  Black steel pipe, ASTM A53, Type S (seamless) or Type ERW (welded); with standard weight ASTM A234 forged steel fittings for butt-weld connection. Cast copper alloy flanges and Type-L copper may be used up to NPS 12 in chilled water.  Type-L may be used up to NPS 3 in heating water systems. Provide dielectric flange kits for these larger sizes when used in heating water piping. 
NPS ½ to NPS 2: Type 304L or 316L schedule-40 stainless streel with matching fittings with threaded, butt-welded, or socket-welded connections as approved for the application. 
NPS 2½ to NPS 12: Type 304L or 316L Schedule 10 stainless steel with matching fittings butt-weld connections. Schedule 10 stainless may be used up to 24-inch in chilled water applications. 
For NPS 12 and smaller steel Chilled Water Piping: socket-weld couplings, socket-weld flanges, or slip-on flanges may be used with permission of the University. 
Pot Feeder Piping:
Type L Copper:  Type L copper: with silver soldered wrought copper fittings or threaded red brass pipe and fittings.
Type 304L Schedule 40 stainless steel
Type 316L stainless steel tubing ½ x 0.035 or ⅝ x 0.049 with Swagelok® or equal fittings. 
Equipment Connections:
NPS 2 and smaller:  Use union connections.
NPS 2½ and larger:  Use flanged connections.
Dissimilar metals:  Where piping is connected to equipment with different materials, such as ferrous to copper, use brass union, brass coupler, silicon bronze nipple, or brass pipe nipple to reduce electrolysis.
Valves:  Provide shut-off duty isolation valves and strainers at new equipment.
Flexible Piping Connectors:  Provide flexible piping connectors if shown at each piece of equipment.  
Condensate Drain Lines:  Type-L drawn-temper copper tubing with soldered joints.
GENERAL REQUIREMENTS FOR VALVE APPLICATIONS
If valves with specified WOG, SWP classes, or CWP ratings are unavailable, the same types of valves with higher WOG, SWP classes, or CWP ratings may be substituted.
Select valves with the following end connections:
For Copper Tubing, NPS 2, and Smaller: Threaded ends.
For Copper Tubing, NPS 2½, and Larger: Flanged ends.
For Steel or stainless steel Piping, NPS 2, and Smaller: Threaded ends.
For Steel or stainless steel Piping, NPS 2½, and Larger: Flanged ends.
VALVE INSTALLATION
Install valves with unions or flanges at each piece of equipment arranged to allow service, maintenance, and equipment removal without system shutdown.
Locate valves for easy access and provide separate support where necessary.
Install valves in horizontal piping with stem at or above center of pipe.
Install valves in position to allow full stem movement.
Install check valves for proper direction of flow and as follows:
Swing Check Valves: In horizontal position with hinge pin level.
Lift Check Valves: With stem upright and plumb.
Install pressure sustaining valve (PSV) in return piping with accessible shut-off valves on both sides to allow PSV isolation.  Provide 2½ pipe diameters of straight pipe on inlet to PSV.  Refer to Campus Standard “Booster Pump & Sustaining Valve” detail shown on drawing for additional requirements. 
Install chain wheels on operators for gate valves NPS 2 and larger and more than 84 inches above floor. Extend chains to 36 inches above finished floor.
Install valve tags. Comply with requirements in Division 23 Section "Identification for HVAC" for valve tags and schedules.
VALVE APPLICATIONS
General-Duty Valve Applications for hydronic systems unless otherwise noted, use the following valve types:
	Type
	Minimum Size
	Maximum Size
	Valve Service:

	Angle
	½”
	6”
	Shut-off

	Ball
	¼”
	4”
	Shut-off and Throttling duty.

	Gate, AWWA for 33 to 105°F service only
	2½”
	n/a
	Shut-off duty.

	Butterfly
	14”
	n/a
	Shut-off and Control duty.

	Gate, rising stem for hot water
	2½”
	n/a
	Shut-off duty.

	Swing check
	¼”
	n/a
	Check valve

	Ball Check for hot water
	¾”
	3”
	Check valve.


Install shut-off valves for hydronic systems as shown on drawings and immediately at each point of connection to an existing system.
Install shut-off valves at each branch connection to supply mains, at supply connection to each piece of equipment, unless only one piece of equipment is connected in the branch line.
Install auto flow limiting valves in the return water line of each heating or cooling element.  Provide reverse-return piping arrangement at split coils as shown on the University’s standard coil piping diagram. Provide manual balancing valves if reverse-return piping is physically not possible. 
See Division 23 Section “Instrumentation and Controls” for hydronic control valve requirements.
Install check valves at each pump discharge and elsewhere as required to control flow direction. 
Install safety valves on hot-water generators and elsewhere as required by the ASME Boiler and Pressure Vessel Code.  Install safety-valve discharge piping, without valves.  Comply with the ASME Boiler and Pressure Vessel Code, Section VIII, Division 1, for installation requirements. Discharge piping shall not be supported by and shall place no strain on the safety valve or valves. These are life-safety devices and every effort shall be made to ensure proper installation.
Install pressure-reducing valves on hot-water generators and elsewhere as required to regulate system pressure.
Water valves operating between 32 and 105F and larger than 2” shall be AWWA C-509 epoxy-coated gate valves.  Where the valves are buried, installed in underground vaults, or insulated to prevent sweating (e.g. chilled water) the valves shall be non-rising stem.  Other applications may be either rising stem or non-rising stem as required.  Except where buried outside, the valves shall have hand wheels.  Buried valves shall have 2-inch square operating nut and be non-rising stem
Angle valves may be used where their shape improves the access and ease of use of the valve(s) in tight spaces. Creative application of these valves may greatly improve operability of the system. 
PIPING INSTALLATIONS
Refer to Division 23 Section "Common Work Results for HVAC" for basic piping installation requirements.
Install groups of pipes parallel to each other, spaced to permit applying insulation and servicing of valves.
Install drains, consisting of a tee fitting, NPS ¾ ball valve, and 6-inch NPS ¾ threaded nipple with cap, at low points in piping system mains and elsewhere as required for system drainage.
Install piping level or at a uniform grade of 0.2 percent in direction of flow or a drain.
Reduce pipe sizes using eccentric reducer fitting installed with level side up- top flat.
Install branch connections to mains using tee fittings in main pipe, with the takeoff coming out the bottom of the main pipe.  For up-feed risers, install the takeoff coming out the top of the main pipe.
Install strainers on supply side of each coil, control valve, pressure-reducing valve, solenoid valve, in-line pump, and elsewhere as indicated.  Install NPS 3/4 nipple and ball valve in blow down connection of strainers NPS 2 and larger.  Match size of strainer blow off connection for strainers smaller than NPS 2.
Anchor piping for proper direction of expansion and contraction.
Underground piping shall only be used when approved by University.
Piping penetrations shall be carefully detailed.  Insulation through penetrations shall be continuous.
Bushings, close, and short nipples are prohibited.
Avoid pipe joints located over, or within 2 feet of electrical equipment.  If it cannot be avoided provide with drip pans.
Use PTFE “Teflon” tape for tapered threaded pipe joints. Provide pipe and fittings of similar materials so dielectric fittings are not needed; i.e. only brass and bronze fittings with copper piping. 
HANGERS AND SUPPORTS
Hanger, support, and anchor devices are specified in Division 23 Section "Hangers and Supports for HVAC."  
Comply with requirements below for maximum spacing of supports.
Install the following pipe attachments:
Adjustable steel clevis hangers for individual horizontal piping less than 20 feet long.
Adjustable roller hangers and spring hangers for individual horizontal piping 20 feet or longer.
Pipe Roller:  MSS SP-58, Type 44 for multiple horizontal piping 20 feet or longer, supported on a trapeze.
Spring hangers to support vertical runs.
Install hangers for carbon and stainless steel piping with the following maximum spacing and minimum rod sizes:
	NPS
	Maximum span (feet)
	Minimum rod size (inches)

	¾
	7’
	¼”

	1
	7‘
	¼”

	1½
	9’
	⅜”

	2
	10’
	⅜”

	2½
	11’
	⅜”

	3
	12’
	⅜”

	4
	14’
	½”

	6
	17’
	½”

	8
	19’
	⅝ ”

	10
	20’
	⅞”

	12
	23’
	⅞”

	14
	25’
	1”

	16
	27’
	1”

	18
	28’
	1¼”

	20
	30’
	1¼”

	24
	32’
	1¼”


Install hangers for drawn-temper copper piping with the following maximum spacing and minimum rod sizes:
	NPS
	Maximum span (feet)
	Minimum rod size (inches)

	¾
	5‘
	¼”

	1
	6‘
	¼”

	1½
	8‘
	⅜”

	2
	8‘
	⅜”

	2½
	9‘
	⅜”

	3
	10‘
	⅜”


Support vertical runs at roof, at each floor, and at 10-foot intervals between floors.
Provide dielectric corrosion protection for dissimilar metals (e.g. copper tubing and steel hangers). 
PIPE JOINT CONSTRUCTION
Refer to Division 23 Section "Common Work Results for HVAC" for joint construction requirements for soldered and brazed joints in copper tubing; threaded, welded, and flanged joints in steel piping.
HYDRONIC SPECIALTIES INSTALLATION
Install manual air vents at high points in piping, at heat-transfer coils, and elsewhere as required for system air venting.
Install one automatic air vent per system in mechanical equipment rooms only at air separator for system air venting.
Install in-line air separators in pump suction lines.  Install drain valve on units NPS 2 and larger.
Install expansion tanks on floor.  Vent and purge air from hydronic system, and ensure tank is properly charged with air to suit system design requirements.
Install pot feeder so that connections are on discharge side of the pump in accordance with the Campus Standard detail.
TERMINAL EQUIPMENT CONNECTIONS
Size for supply and return piping connections shall be same as for equipment connections.
Install shut-off valves, strainers, accessories, and flexible hose threaded connections.
Install control valves in accessible locations close to connected equipment.
Control valve bypasses are prohibited. 
Install ports for pressure and temperature gages at coil inlet connections.
FIELD QUALITY CONTROL
Prepare hydronic piping in accordance with ASME B31.9 and as follows:
Leave joints, including welds, uninsulated and exposed for examination during test.
Provide temporary restraints for expansion joints that cannot sustain reactions due to test pressure.  If temporary restraints are impractical, isolate expansion joints from testing.
Flush system with clean water.  Clean strainers.
Isolate equipment from piping.  If a valve is used to isolate equipment, its closure shall be capable of sealing against test pressure without damage to valve.  Install blinds in flanged joints to isolate equipment.
Install safety valve, set at a pressure no more than one-third higher than test pressure, to protect against damage by expanding liquid or other source of overpressure during test.
Procedures below are paraphrased from ASME B31.9.
Perform the following tests on hydronic piping:
Use ambient temperature water as a testing medium. 
While filling system, use vents installed at high points of system to release trapped air.  Use drains installed at low points for complete draining of liquid.
Check expansion tanks to determine that they are not air bound and that system is full of water.
Subject heating water piping system to hydrostatic test at 225 psig or 1½ times the design pressure, whichever is greater, for four hours.  There shall be no decrease in pressure over the four hour test period.  Isolate equipment subject to damage from test pressure.  Make no test against a service valve or meter.  Isolate from the system existing piping and new or existing equipment that may be damaged by test pressure.  Test only new piping unless instructed otherwise.  Final connection between new and existing piping shall be tested at normal system operating pressures and monitored for leaks for three working days.  Verify that stress due to pressure at bottom of vertical runs does not exceed either 90 percent of specified minimum yield strength or 1.7 times "SE" value in Appendix-A of ASME B31.9, "Building Services Piping."
Subject chilled water piping system to hydrostatic test at 265 psig or 1½ times the design pressure, whichever is greater, for four hours.  There shall be no decrease in pressure over the four hour test period.  Isolate equipment subject to damage from test pressure.  Make no test against a service valve or meter.  Isolate from the system existing piping and new or existing equipment that may be damaged by test pressure.  Test only new piping unless instructed otherwise.  Final connection between new and existing piping shall be tested at normal system operating pressures and monitored for leaks for three working days.  Verify that stress due to pressure at bottom of vertical runs does not exceed either 90 percent of specified minimum yield strength or 1.7 times "SE" value in Appendix-A of ASME B31.9, "Building Services Piping."
Hydrostatic testing shall be applied to new work. Protect relief valves, safety valves, and old work from damage by the hydrostatic test pressure. Use blinds, temporary plugs, blind flanges, or other means to protect existing piping and equipment. 
After hydrostatic test pressure has been applied, examine piping, joints, and connections for leakage throughout the testing period.  Eliminate leaks by tightening, repairing, or replacing components, and repeat hydrostatic test until there are no leaks.
Prepare written report of testing.
ADJUSTING
Perform these adjustments before operating the system:
Open valves to fully open position.
Check pump for proper direction of rotation.
Set automatic fill valves for required system pressure.
Check air vent at air separator and determine if it is operating freely (automatic type).
Check air vents at high points of system and bleed air completely (manual type).
Set temperature controls so all coils are calling for full flow.
Check and set operating temperatures of heating and chilled water systems to design requirements.
Lubricate motors and bearings.
CLEANING
Flush hydronic piping systems with clean water if more than 40-feet of new piping is being installed.  After cleaning and flushing hydronic piping systems, and after 48 hours of run time, remove disposable fine-mesh strainers in Y-strainers.
Clean new piping and existing effected by the contract’s Work using University furnished chemicals.  Provide University’s Representative more than 72 hours’ notice of when chemicals are needed.  Provide gallons of water in system to be cleaned. 
END OF SECTION
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