SECTION 15786

WATER SOURCE HEAT PUMPS

PART 1 GENERAL

1.01 DESCRIPTION

A. Extent of water-source heat pump work required by this section is indicated on drawings and schedules, and by requirements of this section. Install water-source heat pumps in accordance with manufacturer’s installation instructions. Install units plumb and level, unless otherwise specified, and firmly anchored in locations indicated.  Maintain manufacturer’s clearances. Design and heat pump selection shall be in accordance with the Closed Loop Ground Source Heat Pump Systems Installation Guide (available from the International Ground Source Heat Pump Association (IGSHPA), Stillwater, OK) and American Society of Heating, Refrigeration and Air Conditioning Engineers’ (ASHRAE) Commercial/Institutional Ground Source Heat Pump Engineering Manual (ISBN 1-883413-21-4). Heat pump sizing will be based on a Building Energy Program such as DOE-2, BLAST, or other program appropriate for the size and type of building.

1.02 RELATED SECTIONS

A. Section 15050 – Piping Systems.

B. Section 15106 – Chilled Water, Cooling Water, Process Water and Heat Pump Water.

C. Section 15110 – Geothermal Heat Pump and Loop Piping Systems (High Density Polyethylene).

D. Section 15135 - Thermometers and Gauges.

E. Section 15501 – Heating, Ventilating and Air Conditioning Installation and Equipment.

F. Section 15515 – Heat Pump Exterior Heat Exchangers.

G. Section 15951 – Control System.

1.03 REFERENCES 

A. ASHRAE, 1997, Fundamentals Handbook.

B. ASHRAE, Commercial/Institutional Ground Source Heat Pump Engineering Manual (ISBN 1-883413-21-4).

C. ASHRAE, Ground-Source Heat Pumps-Design of Geothermal Systems for Commercial and Institutional Buildings (S.P. Kavanaugh and K. Rafferty) (ISBN 1-883413-52-4)

D. ASHRAE, Standard 15-1994, Safety Code for Mechanical Refrigeration.

E. ASHRAE Standard 52.1-1992 - Gravimetric and Dust-Spot Procedures for Testing Air-Cleaning Devices Used in General Ventilation for Removing Particulate Matter (ANSI approved)

F. ASHRAE, Standard 90.1-1999, Energy Standards for Buildings Except Low-Rise Residential Buildings

G. ASHRAE, 1998, Operating Experiences with Commercial Ground-Source Heat Pump System 

H. ARI-330-98 – Ground Source Closed Loop Heat Pumps 

I. ARI-870-99, Direct Geoexchange Heat Pumps 

J. ARI/ISO 13256-1, Water-to-Air and Brine-to-Air Heat Pumps – Testing and Rating for Performance

K. EPRI 1994 Water Loop Heat Pump Systems Vol. 1, Rev. 1.

L. IGSHPA 1997, Closed Loop Ground Source Heat Pump Systems Design and Installation Standards.

M. IGSHPA 1988, Closed Loop Ground Source Heat Pump Systems Installation Guide. 

N. NFPA 70, National Electrical Code

O. IGSHPA 1997, Geothermal Heat Pump System Design Training for Architects & Engineers – Appendices and Manuals 

P. Building Energy Calculation Programs (DOE-2, BLAST, etc.)

1.04 QUALITY ASSURANCE
A. The heat pump must be ARI rated as follows:

1. For heat pumps operating with an entering liquid temperature range from 25º to 115º F (-3.9º to 46.1º C), a unit rated under ARI Condition 330 must be used. [Designer Note:  Energy Star listed equipment may be specified for higher performance efficiencies.]

B. The heat pump selected must be compatible with the working fluid (corrosion inhibited water or antifreeze). The working fluid properties must be as follows:

1. low viscosity

2. conducive to heat transfer

3. non-corrosive to the heat exchanger

4. non- flammable properties [Designer Note:  Site specific conditions or regulations may allow the use of alcohol based anti-freeze solutions.] 

5. no particulate contaminants

6. chemically compatible with the corrosion inhibitors.
C. Field Quality Control

1. Upon completion and before final acceptance of work, test each system in service to demonstrate compliance with the contract requirements. Refer to section 15950 for Testing Adjusting and Balancing. 

1.05 SUBMITTALS

A. For Approval

1. Shop Drawings indicating dimensions and weight loadings, showing layout, mountings and supports, spatial relationship to associated equipment and nearby barriers, and connection location for condensate, air supply and return, electrical and controls.

2. Manufacturer’s Product Data including equipment capacities, materials of construction, operating weights, furnished specialties and accessories, installation rigging, and start-up instructions and all connection information.  

3. Wiring Diagrams including manufacturer’s drawings differentiating between manufacturer-installed and field-installed wiring. Indicate connection points for signal input and output.

4. Maintenance Data including parts lists for each water-source heat pump, control, and accessory, including “trouble-shooting” maintenance guide.

B. Certified

1. Include product data, shop drawings, and wiring diagrams in a maintenance manual to be furnished to the CM at job completion.

1.06 WARRANTY

A. Warranty on Motor/Compressor

1. Provide written warranty, signed by manufacturer, agreeing to replace/repair, motors/compressors with inadequate or defective materials and workmanship, including leakage, breakage, improper assembly, or failure to perform as required provided manufacturer’s instructions for handling, installing, protecting, and maintaining units have been adhered to during warranty period. 

2. Provide an additional four year manufacturer's warranty for refrigeration system including compressor. 

B. Other Components

A one-year warranty shall be provided by the equipment manufacturer for furnishing parts and labor at job site for replacing any part of the conditioner which becomes effective in normal operation from the date of Notice of Substantial Completion. 

1. Available Manufacturers

Subject to compliance with requirements, manufacturers offering water-source heat pumps which may be incorporated in the work include, but are not limited to, the following:

a) Trane 

b) McQuay

c) Climate Master

d) Water Furnace

e) Mammoth

f) Florida Heat Pump

g) Command Aire

h) American Standard

2. Adjustments

Adjust controls and equipment to give satisfactory operation. Adjust entire water temperature control system and place in operation so that water quantities circulated are as indicated. Adjust and balance air duct systems so that air quantities at outlets are as indicated and so that distribution from supply outlets is free from drafts and has uniform velocity over the face of each outlet. See section 15990 for details on testing and balancing of GHP systems. 

3. Instructing Operating Personnel

Upon completion of work and at time designated by contracting officer, provide services of water source heat pump manufacturer’s technical representative for period of not less than three 8-hour working days for instruction of eight government operating personnel in proper operation and maintenance of equipment. [Designer Note:  The training period should be specified to meet the site requirements.]

PART 2 PRODUCTS

2.01 GENERAL

A. Equipment using refrigerants R‑11, R‑12, R‑113, R‑114, R‑115, R‑500, or refrigerants with ozone depletion factor (ODF) greater than 0.05 will not be permitted.

2.02          EQUIPMENT

A. Water‑Source Water‑to‑Air Heat Pumps (WSHP) 

[Designer Note:  Units rated below 39,560 W 135,000 Btuh cooling shall have minimum cooling performance EER of 13.0 and minimum heating performance COP of 3.0. Use Energy Star equipment for higher performance efficiencies.]

Provide water‑source water‑to‑air heat pump units and ground‑coupled, closed‑loop, water‑to‑air heat pump units factory assembled, designed, tested, and rated in accordance with ARI 330.  [Designer Note: Additionally specify ARI/ISO 13-256-1 when the document is finalized.]  Units shall be ARI certified, or listed in ARI directory. 

Units shall include fans, refrigerant‑to‑air heat exchangers, filters, compressor, reversing valve, expansion valve, and refrigerant‑to‑water heat exchangers. [Designer Note: For specific cases, it may also be advantageous to specify desuperheaters, hose kits, and controls as part of the heat pump package.]

[Designer Note: Paragraphs 1 through 12 apply to all heat pump configurations listed in this section.]  
1. Cabinet: Provide manufacturer's standard galvanized steel cabinet finished.  [Designer Note: In situations with potential for atmospheric corrosion, it may be necessary to specify special finish treatments such as corrosion resistant epoxy coating or lacquer acrylic.] Provide access panels for inspection and access to internal parts. Insulate cabinet with minimum 1/2 inch multi‑density, fiberglass insulation with exposed edges sealed or tucked under flanges to prevent introduction of fibers into the air stream. Female threaded pipe condensate drain connections, supply water connections, and return water connections shall be copper or brass threaded fittings mechanically fastened to the cabinet. Water piping shall be insulated. Construct cabinet with compartments and locate the compressor, reversing valve, and water coil out of the air stream. Insulate the divider between the compressor and fan sections. The control box shall be located within the unit.
2. Fans: Provide centrifugal type, direct drive fans with permanently lubricated motors. [Designer Note: Industry uses direct drive motor/blowers in units smaller than 7 tons.]  Motors shall be [Designer Note: Select either multi‑speed or variable speed.] Permanent Split Capacitor (PSC) type with thermal overload protection. [Designer Note: Consider belt driven blowers as an option for larger tonnage equipment.] Wheel and housing shall be designed for quiet operation and efficient air delivery. The blower shall be mounted on permanently lubricated, maintenance-free ball bearings. The ball bearing motor with V-belt and variable pitch pulley shall be mounted on an adjustable motor base for easy belt adjustment and/or speed change. The drive packages shall be designed for external static pressures sufficient to overcome system resistances. 
3. Refrigerant‑to‑Air Heat Exchanger: Provide coil constructed of rifled copper tubes with plate aluminum fins designed for refrigerant working pressure of 450 psi. The metal condensate drain pan shall be epoxy coated and insulated, or of non-corrosive injection molded plastic. Provide internal traps on vertical units. [Designer Note: It may be cheaper to allow field installed traps.]  Provide drain pan with overflow protection. 

4. Filter Section: Provide [Designer Note: Select the size and type of filter desired for the application under consideration - replaceable (throwaway) filter [one inch] [2 inch] thick UL listed fiberglass; permanent washable type filters with [standard dust‑holding capacity] [a mean efficiency of [35] [65] percent when tested in accordance with ASHRAE 52.1]. Mount filters in filter frames and provide access panels or doors for removal and replacement of filters. 

5. Compressor: Provide hermetically sealed type compressor, installed on vibration isolators enclosed in an acoustically treated enclosure. Provide high and low pressure switches, motor thermal overload protection, [Designer Note: Additional control features that could be considered for the specific application are low suction temperature cut‑out/coil freeze stat, 5 minute anti‑recycle timer, and start capacitor kit.] [Designer Note: It may also be desirable to specify the capability to reset compressor lockout circuit at the remote thermostat and at the disconnect.] Provide units with factory installed sound attenuation package.  [Designer Note:  Specify NC level based on ARI 260D Standard.]

6. Reversing Valve: Provide solenoid activated refrigerant reversing valves energized only during the cooling mode and designed to fail in the heating position.

7. Refrigerant‑to‑Water Heat Exchangers: Provide refrigerant‑to‑water heat exchangers of coaxial type, with inner copper water tube and outer steel refrigerant tube. Heat exchanger shall be tested and rated for 450 psi refrigerant working pressure. A thermal expansion valve assembly shall provide refrigerant metering and be sized by the manufacturer for proper superheat settings.  [Designer Note: In applications with the direct use of ground water or in areas where freeze protection may be required it may be advisable to specify that ground water heat exchangers shall be made of copper-nickel or equivalent alloy and shall be capable of being frozen without danger of rupture.] 

[Designer Note: The following options should only be included for installations which require domestic hot water service. Select either factory installed or field installed.]

8. Factory‑Installed Domestic Hot Water Desuperheater: Provide desuperheater of vented double‑wall construction, circulation pump, safety controls and factory installed within indoor heat pump cabinet.

9. Field‑Installed Domestic Hot Water Desuperheater: Provide units factory assembled, designed, tested, and rated. Units shall include double‑wall vented refrigerant‑to‑water heat exchanger, water line thermostat, and secondary safety thermostat to prevent scalding, internal fuse. Units shall be UL listed. Units shall be provided by the ground source closed loop heat pump manufacturer.  [Designer Note: It may be desirable to specify the following additional features - water pump, internally mounted disconnect switch, air bleed port, and refrigerant ports.]  

10. [Designer Note: The application of supplemental heaters is site specific.  Large commercial and institutional systems may not require supplemental heaters.  Smaller residential and family housing systems may warrant consideration of supplemental heaters.] Provide UL listed, electric resistance heater with internal fusing integral with heat pump unit; fan shall run until heater cools. Locate downstream of indoor coil.

11. Hose Kits: [Designer Note:  Hose kits can be specified as optional accessories.  The heat pump manufacturer should be responsible for supplying hose kits and for warranting their performance.] Unless otherwise noted on the contract drawings, hose kits shall include two - 2 foot long metal braided stainless steel hoses with swivel connectors on one end, an automatic flow control valve with test ports [Designer Note: Can also use two shutoff ball valves with memory stops (one with test port)], blow down ball valve, and Y‑strainer. Hoses shall be fire rated to meet UL 94. Hoses shall have a maximum working pressure of 300 psi. 

12. Hanger Kits: Provide horizontal units with hanger kits consisting of galvanized steel brackets, bolts, washers, and vibration isolators. The hanger kit shall be designed to support the unit from below and suspend from threaded rods.

B. Water‑Source Water‑to‑Water Heat Pumps (GSHP) 

Provide water‑source water‑to‑water heat pump units and ground‑coupled closed‑loop water‑to‑water heat pump units factory assembled, with performance ratings verified by tests at the factory prior to shipment. Units shall include compressor, reversing valve, expansion valve, refrigerant‑to‑water condensing coil, refrigerant‑to‑water evaporator coil. 
[Designer Note: In applications with the direct use of ground water or in areas where freeze protection may be required ground water heat exchangers shall be of copper-nickel or equivalent alloy and shall be capable of being frozen without danger of rupture.]   
PART 3 EXECUTION

3.01          INSPECTION

A. A factory-trained representative shall start and test all units and submit a report to the CM.

B. Start water-source heat pumps in accordance with manufacturer’s start-up instructions. Test controls and demonstrate compliance with requirements. Replace damaged or malfunctioning controls and equipment.

C. Start unit and verify initial charge of refrigerant for each refrigeration system.  If system charge is deficient, determine if system has developed leaks.  Repair leaks, evacuate and recharge system as required.  Put system into operation, and test equipment performance. 

D. Manufacturer’s Qualifications include firms regularly engaged in manufacture of water-source heat pumps, of types and capacities required, whose products have been in satisfactory use in similar service for not less than five years.

E. Furnish equipment field test plans developed by each equipment manufacturer detailing recommended field test procedures for each item of equipment. Field test plans developed by the installing contractor or the equipment sales agency furnishing the equipment will not be acceptable. The CM will review and approve the field test plan for each item of equipment prior to commencement of field testing of the equipment.

1. Indicate in each field test plan when work required by this section requires coordination with test work required by other specification sections. Furnish test procedures for the simultaneous or integrated testing of equipment controls which interlock and interface with controls factory pre-wired or external controls for the equipment provided under Section 15951, Control System.

2. Equipment for which performance testing is dependent upon the completion of the work covered by Section 15950, Testing, Adjusting and Balancing, must have that work completed as a prerequisite to testing work under this section. Indicate in each field test plan when such prerequisite work is required.

3. Indicate in each field test plan each equipment manufacturer’s published installation, start-up and field acceptance procedure for testing all automatic controls provided by the manufacturer.  Each test plan shall include the required test reporting forms to be completed by the contractor’s testing representatives.  Structure procedures to test the controls through all modes of control to confirm that the controls are performing with the intended sequence of control. Controllers shall be verified to be properly calibrated and have the proper set point to provide stable control of their respective equipment.

4. Each test plan shall list performance variables that are required to be measured or tested as part of the field test. Include in the listed variables performance requirements indicated on the equipment schedules on the design drawings. Furnish with each test procedure a description of acceptable results that have been verified. Identify the acceptable limits or tolerances within which each tested performance variable shall acceptably operate.

5. Each test plan shall be job specific and shall address the particular item of equipment and particular conditions which exist with this contract. Generic or general preprinted test procedures are not acceptable.

6. Each test plan shall include procedures for field testing and field adjusting specialized components such as control valves or pressure valves.

7. Conduct the manufacturer’s recommended tests and the operational tests; record the required data using the approved reporting forms. Notifying the CM in writing at least fifteen (15) calendar days prior to the testing. Within thirty (30) calendar days after acceptable completion of testing, submit each test report for review and approval.

8. Completed test report forms for each item of equipment shall be reviewed, approved, and signed by the contractor’s test director and the QC manager. The manufacturer’s field test representative shall review, approve, and sign the report of the manufacturer’s recommended test. Signatures shall be accompanied by the person’s typed name.

9. Any deficiencies identified during the tests shall be corrected to comply with the manufacturer’s recommendations, and corrections re-tested in order to verify compliance.

3.02          INSTALLATION

A. Delivery, Storage, and Handling

1. Handle water-source heat pumps and components carefully to prevent damage, breaking, denting, and scoring. Do not install damaged water-source heat pumps or components; replace with new.

2. Store water-source heat pumps and components in a clean dry place. Protect from weather, dirt, fumes, water, construction debris, and physical damage.

B. Comply with manufacturer’s rigging and installation instructions for unloading water-source heat pumps and moving units to final location for installation.

C. All contractors are to be aware of all overhead power lines and shall be responsible for assuring that their equipment does not come in contact with these wires.

D. All existing utilities to building are to be cut off at the main or as required by the utility companies. Contractor shall verify location of existing utilities with utility companies, determine locations of all connections, and include all costs in bid. Contractor is responsible for locating utility lines and paying all connecting fees.

E. All underground piping shall be a minimum of 18 inches below grade and must be approved by CM before backfilling.

F. Examine areas and conditions under which water-source heat pumps are to be installed. Do not proceed with work until unsatisfactory conditions have been corrected in manner acceptable to CM.

G. Install water-source heat pumps in accordance with manufacturer’s installation instructions. 

H. Connect heat pump drain pan to nearest indirect waste connection, or as indicated.

I. Air separators, if required, shall be independently supported from the structure. Each separator air vent shall have an isolation ball valve to service the air vent. Extend a full size drain from the air vent to the floor sink. The drain tapping shall be fitted with a ball valve with hose end connection.

J. Auto air ,if required,  vents shall have full-size drains to floor sinks or other approved points of disposal. Manual vents, if required, shall have full-size 180º return bends. 

K. Pump flex connectors shall be installed without pipe weight or any other stresses applied to the connector.

L. Expansion loops, if required, shall be applied to provide a minimum of 1-inch (2.54 cm) expansion for 100 LF (30.5 m) of pipe. Provide anchors and guides as required. Install horizontally where possible to avoid air vents or drains. 

M. [Designer Note:  If circuit setters are the preferred device for flow balancing, the specify as follows.] Circuit setters shall be located with a minimum of five pipe diameters upstream and three pipe diameters downstream from any pipe system fittings. Circuit sensors shall be installed in accordance with the setter requirements and with the addition of a butterfly valve. Velocities shall not exceed 8 FPS. 


[Designer Note:  The following items may not be desirable for residential and family housing applications.]

N. Thermometers shall be adjusted for the best reading angle from the floor. 

O. Pressure gauges shall be installed with a ¼-inch (63 mm) ball valve.

P. Suction diffusers shall have strainers installed and maintenance clearance provided. Extend Support to floor and adjust to remove stress from pump.

Q. Pressure reducing valves shall be equipped with a pressure gauge. Adjust valve to the pressure indicated on the drawings.

R. Pressure relief valves shall have full-size drains extended to a safe point of disposal. Do not raise line to point of disposal and do not tie together with any other drains.

S. Charging tanks shall have inlet and outlet isolation ball valves and a bottom drain ball valve.

T. Backflow protection valves shall have factory-furnished drain receptor with full-sized drain to approved point of disposal.

U. Expansion tanks shall be equipped with a lock-shield valve, auto air vent, and drain valve. Support tanks from the structure. Vertical tanks shall be anchored to the wall or floor.

V. All equipment, valves, and devices shall be installed in strict conformance with the Manufacturer’s printed instructions for proper and safe operation.

W. Complete structural, mechanical, and electrical connections in accordance with manufacturer’s installation instructions and drawings. Do not fasten piping or conduit to any removable panel on a unit.  

X. Provide unit vibration isolators. Adjust unit vibration isolators to provide proper condensate flow to drain connection.

Y. Install equipment and associated piping and other connections in a manner to prevent conduction of sound to the framing and structural elements of the building. 

Z. [Designer Note: The following auxiliary drain pan may be desirable in certain critical applications.]   Where units are installed directly above a finished floor, install an 18-gauge galvanized steel or plastic condensate drain pan with safety switch, and a drain line with trap.

AA. Connect wiring to isolated equipment with flexible hanging loop.

3.03          NOISE CONTROL

A. Horizontal Units – For horizontal units reduce noise by providing the following: [Designer Note:  The following recommendations may be invoked if there is no conflict with the manufacturer’s recommendations.]

1. Use canvas duct connectors, flexible conduit, wire connectors, and hangers with spring or neoprene isolators to reduce noise from vibration.

2. Separate units by at least eight feet (2.4 m) to avoid additive noise.

3. Mount the unit over an acoustical pad (with an area at least twice the footprint of the HP unit) to attenuate radiated noise. This is particularly important over noise-sensitive areas like conference rooms and enclosed private offices.

4. Avoid locating large units (over 3 tons) above offices or other noise-sensitive areas. Where possible, locate units above corridors, equipment rooms, and utility closets.

B. Vertical Units - For vertical floor-mounted units reduce noise by providing the following: [Designer Note:  The following recommendations may be invoked if there is no conflict with the manufacturer’s recommendations.

1. Mount the unit on a pad of high-density sound-absorbent material that extends beyond the footprint of the unit by at least three inches in each direction. Suitable materials include rubber or cork. As an alternative,  3/8- to 1/2-inch (.96 to 1.27 cm) rubber-backed carpet may be used. 

2. Make the duct turn at the top of the unit in the direction of fan rotation.

3. Use a sound barrier or other design techniques to eliminate line-of-sight sound transmission to the unit return.

3.04         SERVICE ACCESS

A. It is essential that heat pumps be easily accessible for maintenance (filter replacement, bearing lubrication, and condensate pan cleaning) and repair (replacement of major components or removal of the entire unit). 

B. Horizontal Units

1. Provide a hinged access door in concealed spline, drywall, or plaster ceilings of sufficient size to provide access to all integral components and to allow for unit removal. Removable tiles and Ts may be used for access in T-bar or lay-in ceilings.  

2. Provide easy access with hanger brackets, water valves, and fittings and tool access to both side panels and all electrical connections.

3. To permit removal, do not run rigid piping under any part of the unit.

4. If a return duct is used, provide a duct slot for filter access

C. Vertical Units

1. Provide access for filter replacement and drain pan cleaning. Make sure piping does not block filter access.

2. Provide access for blower motor, compressor, and coil replacement. Alternatively, permit 

3. Removal of the entire unit.

4. Provide access to all electrical connections.

END OF SECTION
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