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2.04 FABRICATION 

A. Each hot water boiler shall be of the vertical, water-tube, copper fin tube heat exchanger type 
complete with trim, valve trains, burner, and boiler control system. The boiler manufacturer shall 
fully coordinate the boiler as to the interaction of its elements with the burner and the boiler 
control system in order to provide the required capacities, efficiencies, and performance as 
specified. 

B. Each boiler heat exchanger shall be of the vertical, concentric, copper fin tube type with three 
pass, counter-flow design. 

C. All boiler pressure parts shall be constructed in accordance with the latest revision of the ASME 
Boiler and Pressure Vessel Code, Section IV, and shall be so stamped along with a National 
Board Registration number. 

D. All boiler heat exchanger tubes shall be not less than 7/8 inches 1.0. with a wall thickness of not 
less than 0.065" thick. All boiler heat exchanger tubes shall be straight, solid copper tubes and 
shall incorporate an "extended" finned surface of integral, extruded, copper fins spaced not less 
than 7 fins per inch. Boiler heat exchanger tubes shall be arranged vertically. All tubes must be 
full size for the entire length of each tube and extend from the upper header to the lower header 
with no tube bends. Boiler tubes shall be arranged and spaced for the most effective distribution 
of combustion gas flow through the entire boiler heat exchanger to provide for maximum heat 
transfer. Baffles between tubes shall be unacceptable. 

E. Boiler heat exchanger headers shall be cast gray iron with end covers completely removable for 
inspection. Seals shall be EPDM o-rings, rated for 400 deg F service. Gaskets are not 
acceptable. 

F. Boiler heat exchanger tubes shall be rolled into the top and bottom header collectors. 

G. Boiler combustion chamber shall be fabricated from minimum No. 14 gauge aluminum, shall 
completely enclose the boiler heat exchanger and shall be sealed for positive pressure 
operation. The combustion chamber access panel shall be readily removable and re-installed. 

H. Boiler shall be enclosed with a single wall outer casing. It shall completely enclose the boiler 
combustion chamber. It shall be fabricated from carbon steel with aluminum access panels. 
Steel casing sections shall be secured in place with bolts (sheet metal screws are not 
acceptable). Access panels shall be secured with push-to-close, quarter turn to open 
fasteners. The complete outer casing shall be finished inside and out with a powder coated 
finish. Combustion air shall be drawn form the insulating air space between the combustion 
chamber and the outer casing. The composite structure of the boiler combustion chamber, 
insulating air gap and outer casing shall be of such thickness and materials to assure an outer 
casing temperature of not more than 50 deg. F above ambient temperature when the boiler is 
operated at full rated load. Boiler shall be fully capable of operation with all casing access 
panels removed. 

I. An observation port shall be located on the boiler to allow for observation of the burner flame. 

J. A flue gas outlet shall be located on the rear of the boiler. Boiler to be certified for installation 
with Category IV venting (stack) as defined in NFPA 54 (ANSI Z221). Forced draft burner shall 
be capable of firing against a back pressure of 2.0 inwc, using 6 inch diameter ven!. 

2.05 FUEL BURNING SYSTEM 

A. The boiler manufacturer shall furnish each boiler with an integral, pre-mixed, forced draft, gas, 
fully automatic fuel burner. The fuel burner shall be an assembly of gas burner, combustion air 
blower, valve train, and ignition system. The boiler manufacturer shall fully coordinate the burner 
as to the interaction of its elements with the boiler heat exchanger and the boiler control system 
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in order to provide the required capacities, efficiencies, and performance as specified. 

B. Each burner shall be provided with an integral gas firing combustion head, properly sized to 
admit the fuel gas to the burner. The gas combustion head shall be provided with a orifice plate 
to meter the air flow to the burner and maintain precise fuel to air mixture. Air and gas shall be 
mixed as they pass through the blower to assure maximum combustion efficiency. Each burner 
shall provide adequate turbulence and mixing to achieve proper combustion without producing 
smoke or producing combustibles in the flue gases. 

C. Each boiler shall be provided with an integral power blower to supply combustion air. The 
combustion air blower shall have sufficient capacity at the rated firing rate to provide air for 
stoichiometric combustion pius the necessary excess air. Static and total pressure capability 
shall comply with the requirements of the boiler. The blower motor shall be a maximum of 1 
motor horsepower and operate without undue vibration and noise and shall be designed and 
constructed for exposure to temperatures normal to its location on the boiler. The fan impeller 
shall be the non-sparking type, high efficiency, airfoil, backward inclined design. 

D. Each burner shall of the radial-fired type and constructed of steel with a stainless steel inner 
and woven stainless steel mesh outer screen, designed to produce a complete 3600 flame 
pattern. 

E. Each boiler shall be provided with a "Full Modulating" firing control system whereby the firing 
rate is infinitely proportional at any point between 20% and 100% of maximum firing rate as 
determined by the input control signal. Fuel flow shall be controlled by air flow with cross-linked 
combination gas valve and air-fuel ratio controller. Both fuel and air control shall be completely 
"linkage-less" to assure the proper fuel/air ratios to achieve maximum combustion efficiency. 

F. The combustion control system shall automatically compensate for changes to atmospheric 
pressure and/or inlet air temperature. 

G. Burner shall incorporate soft start controls, which controls the ramp up speed of the burner. 

2.06 TRIM 

A. ASME rated pressure relief valve set at 30 psi. 

B. Low water cut-off and inlet flow switch to automatically prevent burner operation when water falls 
below safe level or on low flow through boiler. 

2.07 CONTROLS 

A. Operating Controls: Pre-wired, factory assembled electric control including pilot safety and 
thermocouple transformer, 24-volt gas valve, manual main and pilot valves, and junction box. 

B. Electronic operating temperature controller: 
1. NEMA 250 Type 1 enclosure with full cover for wall mounting. 
2. Ambient temperature range -30 to 150 degrees F. 
3. Adjustable reset ratio of outside air temperature change to discharge control point change 

1:2to 100:1. 
4. Integral set point adjustment 80 to 230 degrees F. 
5. Electronic primary and outdoor sensors. 

C. High limit temperature controller with automatic reset for burner to prevent boiler water 
temperature from exceeding safe system temperature. 

PART 3 EXECUTION 

3.01 INSTALLATION 

A. Install in accordance with manufacturer's instructions. 
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B. Install boiler and provide connection of natural gas service in accordance with requirements of 
NFPA 54 and applicable codes. 

C. Install boiler on concrete housekeeping base, sized minimum 4 inches larger than boiler base. 
Refer to Section 033000. 

D. Provide piping connections and accessories as indicated; refer to Section 232114. 

E. Pipe relief valves to 12" above floor. 

F. Provide for connection to electrical service. Referto Section 262717. 

3.02 SYSTEM STARTUP 

A. Provide the services of manufacturer's field representative for starting and testing unit. 

3.03 CLOSEOUT ACTIVITIES 

A. Train operating personnel in operation and maintenance of units. 

B. Provide the services of manufacturer's field representative to conduct training. 

C. Demonstrate operation of each boiler to selected representatives of the Owner. Demonstration 
shall include shutting off power to the lead boiler to simulate a failure, causing lag boiler to start 
and a boiler failure alarm to be sent. 

END OF SECTION 
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SECTION 235733 

GEOTHERMAL lOOP HEAT EXCHANGER AND UNDERGOUND PIPING 

PART 1 GENERAL 

1.01 GENERAL STATEMENTS 

A. All underground loop and borehole piping shall be furnished and installed by a qualified "loop 
Contractor" . 
1. The Loop Contractor must have a current International Ground Source Heat Pump 

Association (lGSHPA) certification; have completed an IGSHPA training course in the 
fundamentals of design, installation, and operation of ground source systems; and have 
passed the IGSHPA certification examination. Installer must have completed a certified 
training program, or be a certified Geothermal Service Contractor (GSC), and shall have at 
least two (2) years of successful installation experience on projects with Geothermal Loop 
Heat Exchanger (GLHE) work similar to that required for this Project. Manufacturer's 
Qualifications: Firm regularly engaged in manufacture of Geothermal Loop Heat Exchanger 
products and tools of the types, materials and sizes required; whose products have been in 
satisfactory use in similar service for not less than five (5) years. 

2. Ground heat exchanger fabricators must have completed a heat fusion school in which 
each participant has performed a heat fusion procedure under direct supervision of an 
IGSHPA Certified Heat Fusion Technician. The fusion technician must be thoroughly 
familiar with heat fusion procedures, and have had formal training at a heat fusion school 
under direct supervision of an IGSHPA certified instructor. 
a. Certified technicians must attend a retraining school annually. A single failure of 

fusion joint will void the certification, and the technician must be retested to 
demonstrate satisfactory performance. 

3. Local and State laws and ordinances as they pertain to buried pipe systems shall be 
strictly followed or a variance obtained. 

4. Acceptable pipe material for the underground buried portion of the ground heat exchanger 
is polyethylene, as specified under Part 2 of this section. 

5. The pipe and fittings of the buried system shall be warranted by the manufacturer for 
ground source heat pump service. 

B. SUBMITTALS 
1. Product Data: Submit manufacturer's technical product data and installation instructions 

for geothermal loop heat exchanger piping materials and products. 
2. Installer and Fabricator's Qualifications: Submit names and notarized copies of 

certificates of successful completion of the required schools. 
3. Record Drawings: Accurate dimensional drawings of the geothermal loop heat exchanger 

shall be prepared and submitted as "As-Built" drawings. 

PART 2 PRODUCTS 

2.01 Polyethylene Heat Exchanger (Piping) 

A. All pipe and heat fused materials shall be manufactured from a virgin polyethylene extrusion 
compound material in accordance with ASTM D-2513, Section 4.1 and 4.2. Pipe shall be 
manufactured to outside diameters, wall thickness and respective tolerances as specified in 
ASTM D3035, D-2447, or F-714. Pipe to be SDR-11 manufactured by Performance Pipe, 
Vanguard, or Charter Plastics. 

B. The materials shall maintain a 1,600 psi hydrostatic design basis at 73.4E F, per ASTM D-2837, 
and shall be listed in PPI TR4 as PE3408 piping formulation. The material shall be a high 
density, polyethylene extrusion compound having a cell classification of PE345434C or 
PE355434C as specified in ASTM D-3350 with the following exceptions: this material shall 
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exhibit zero failures (FO) when tested for 192 or more hours under ASTM 0-1693, Condition C, 
as required in ASTM 0-3350. Pipe and fittings to be the same manufacturer and material 
meeting the same specifications. 

C. Sufficient information shall be permanently marked on the length of the pipe as defined by the 
appropriate ASTM pipe standard. 

O. Manufacturer shall supply a notarized document confirming compliance with the above 
standards. 

E. Manufacturer shall supply a written warranty of fifty (50) years or greater, specifying material 
replacement and labor allowance. 

F. The only acceptable method for joining buried pipe systems is by a heat fusion process. 

G. Polyethylene pipe shall be butt or socket fused in accordance with manufacturer's procedures. 
Fuse and install all pipe and fittings per the manufacture~s instructions. The well loop shall be 
closed by means of a single or double elbow style U-bend at the bottom of the loop. The 
U-bend shall be constructed and attached to the GLHE using the heat fusion bonding method. 

PART 3 EXECUTION 

3.01 FLUSHING, PURGING, PRESSURE AND FLOW TESTING 

A. Vertical loops will be pressure tested before installation, and all horizontal components of the 
ground heat exchanger will be flushed, pressure and flow tested prior to backfilling. Exercise 
suitable safety precautions during testing, to guard against injury to personnel near lines being 
tested, in case of pipe system component, or joint failure under pressure. Results of all tests 
shall be recorded and supplied to the Engineer upon completion of the Project, or as required by 
the Engineer. Heat exchangers will be tested hydrostatically at 150% of the pipe design rating 
or 300% of the system operating pressure if this value is the smaller of the two. 

B. No leaks shall occur within a 30 minute period. 

C. All fusion joints and loop lengths shall be checked to verify that no leaks have occurred due to 
fusion joining or shipping damage. 

O. Flow rates will be compared to calculated values to assure that there is no blockage or kinking 
of any pipe. 

E. A minimum velocity of 2 ft.lsec. in each piping section must be maintained for a minimum of 15 
minutes to remove all air. After insertion into the borehole, GLHE shall be flushed with water 
until water runs clear. 

3.02 INSTALLATION 

A. Sharp bending of pipe around trench corners must be prevented by using a shovel to round 
corners. Manufacturer's procedures must be followed. 

B. Backfilling procedure will include prevention of any sharp-edged rocks from coming into contact 
with pipe by removal of rocks before backfilling. 

C. Backfill thru a coarse screen for a 6" cover, or use of a 6" cover of rock-free soil. Clods resulting 
from use of a backhoe must be broken up so as not to form air pockets around the pipe which 
will reduce heat conduction between the earth and the pipe. The flow of backfill soil must be 
controlled to prevent bridging and formation of air pockets. Several slow passes with an angled 
backfill blade are required. Flooding is required to assure removal of air pockets. If water is not 
available, additional loop length will be installed to assure adequate performance until natural soil 
settling occurs. Excavation, backfill and compaction to be in accordance with OOOT items 203 
and 304 and shall be complete so as to be able to receive finish surfaces, whatever they may be. 
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D. Horizontal return bends must be backfilled by hand to properly support the pipes and prevent 
kinking. 

E. All buried GLHE pipes passing within 5 ft. of any wall, structure, or water pipe shall be insulated 
with R2 minimum closed cell insulation. 

F. Bore holes must be backfilled to ensure good heat transfer. Local and State Codes as to 
backfilling requirements must be followed. See IGSHPA "Grouting Procedures Manual" for 
detailed grouting procedures. The upper ends of each heat exchanger shall be marked with 
geothermal piping metallic tracer tape, and shall be capped 24" above grade. 

G. The vertical hole shall be clean (no permanent casing unless absolutely necessary) and of 
sufficient diameter to facilitate the installation of the U-tube assembly. The bore shall be 
backfilled with appropriate grout material to assure pipe contact, and shall not contain large, 
sharp, or jagged rocks or debris. Reasonable and prudent care shall be taken during the 
installation and grouting in order not to crush, cut, or kink the pipe. Contractor to monitor each 
bore hole after grouting and continue adding grout as required to settling. 

H. During installation, trash, soil and small animals shall be kept out of the pipe. Ends of the high 
density polyethylene pipe shall be taped or capped when not in use. 

I. Particulate contaminants must be removed from the piping system prior to initial start-up. 
Examine areas and conditions under which geothermal heat exchanger systems are to be 
installed. Do not proceed with work until unsatisfactory conditions have been corrected in 
manner acceptable to Installer. 

J. Pressurization of the circuit to a minimum of 10 to 15 psi when installed in the summer with 
circulating water temperature of 80 degree to 90 degree F. and 40 psi to 50 psi when installed in 
the winter with circulating water temperature of 40 degree F. to 50 degree F. is required. 

K. All pipes passing through walls shall be sleeved and sealed with a non-hardening caulking 
material. 

3.03 Electronic Marker System 

A. Marking system shall be 3M Scotchmark Electronic Marker System with 1400 Series Ball 
Markers. Ball marker to be color code blue, 3M Model 1403. Marker shall consist of 4" 
diameter water resistant polyethylene outer shell encasing a passive antenna suspended in 
propylene glycol/water solution. 

B. Ball markers shall be warranted for a time period exceeding the life of the GLHE being marked. 
(50 years or greater) 

C. Locate ball markers in geothermal piping trenches no greater than 4 feet belOW grade. Place 
markers at equal intervals of no greater than 20 feet over entire length of geothermal loop piping 
including run-outs (from boreholes to where piping enters building). Mark each vertical well 
location. 

D. Installing Contractor shall furnish to the Owner one 3M Scotchmark Electronic Marker Locator, 
Model 1420-ID. Contractor shall train personnel designated by Owner on operation of locator. 
Locator can be used by Owner to prevent damage to piping in case of digging in area of loop at 
later times. 

3.04 Ground Water Handling 

A. The Loop Contractor shall excavate a detention pond of suitable capacity based on groundwater 
flow rates encountered and number of boreholes drilled simultaneously to detain all groundwater 
until suitably clarified for on-site disposal. 

3.05 Grouting 
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A. All vertical GLHE boreholes shall be grouted completely with bentonite grout and in conformance 
with the IGSHPA standards specified in their publication "Proper Grouting Procedures for 
Ground-Source Heat Pump System", and all state and local requirements. Grout to have 
thermal conductivity equal to or greater than 0.45 BTUl(hr - degree F - FT) and shall have a liner 
shrinkage potential of less than 11 %. 

B. Thermal conductivity of the enhanced bentonite grout shall be tested by an independent 
laboratory by sampling the installed mixture at not less than 3 evenly distributed sample times 
during the entire project grouting time period. Furnish test results to the Associate. 

C. The ground mixture shall also have a maximum permeability rate of less than 1 x 107 cmls as 
determined by using the "Falling-Head Method" (defined in the United States Army Corp. of 
Engineers' Civil Engineering Manual No. EM 1110-2-1906, "Laboratory Soils Testing") as 
recommended by the U.S. Environmental Protection Agency to insure proper sealing. 

D. The thermally enhanced bentonite grout used shall have a minimum manufacturer's 
recommended mixture of 64% solids. The thermal enhancement compound shall constitute 
50% by weight of the aqueous slurry. 

E. Since settling of the grouting material will occur after the initial grouting, Contractor shall monitor 
each bore hole and continue adding grout as required. 

F. Grout material shall be pressure pumped through a one (1) inch or a one and one-half (1-1/2) 
inch inside diameter tremie pipe and placed in the bore column from the bottom to the top. 
Grouting process shall conform to the manufacturer's instructions and "Geothermal Heat Pump 
Grouting Manual - - Engineering Design and Field Procedures Manual", as published by the 
Electric Research Institute (EPRI), 1997 (TR-109169). Completed grouted surface shall be 
placed at ground level to ensure complete fill of the bore column. 

END OF SECTION 
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SECTION 236400 

PACKAGED WATER CHILLERS 

PART1 GENERAL 

1.01 SECTION INCLUDES 

A. Chiller package. 

B. Charge of refrigerant and oil. 

C. Controls and control connections. 

D. Chilled water connections. 

E. Condenser water connections. 

F. Refrigerant connections. 

G. Starters. 

1.02 REFERENCE STANDARDS 

A. ARI 550/590 - Standard for Water Chilling Packages Using the Vapor Compression Cycle; 
Air-Conditioning and Refrigeration Institute; 2003. 

B, ASHRAE Std 15 - Safety Standard for Refrigeration Systems; American Society of Heating, 
Refrigerating and Air-Conditioning Engineers, Inc,; 2007, 

C, ASME (BPV VIII, 1) - Boiler and Pressure Vessel Code, Section VIII, Division 1 - Rules for 
Construction of Pressure Vessels; The American Society of Mechanical Engineers; 2007, 

1.03 SUBMITTALS 

A. See Section 013000 - Administrative Requirements, for submittal procedures, 

S, Product Data: Provide rated capacities, weights, specialties and accessories, electrical 
requirements and wiring diagrams, 

C, Shop Drawings: Indicate components, assembly, dimensions, weights and loadings, required 
clearances, and location and size of field connections, Indicate valves, strainers, and 
thermostatic valves required for complete system, 

D, Manufacturer's Instructions: Submit manufacturer's complete installation instructions. 

E, Operation and Maintenance Data: Include start-up instructions, maintenance data, parts lists, 
controls, and accessories, Include trouble-shooting guide, 

F. Warranty: Submit manufacturer's warranty and ensure forms have been filled out in Owner's 
name and registered with manufacturer. 

1.04 WARRANTY 

A. See Section 017800 - Closeout Submittals, for additional warranty requirements, 

S, Provide a five year warranty to include coverage for compressor including materials only, 

PART 2 PRODUCTS 

2.01 MANUFACTURERS 

A, Carrier Corporation; Model www.carrier.com. 

S, Trane Inc; Model www.trane.com. 
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C. McQuay; Model __ _ 

2.02 MANUFACTURED UNITS 

A. Provide factory assembled and tested water cooled liquid chillers consisting of compressors, 
condensers, evaporator, thermal expansion valve, refrigeration accessories, and control panel. 
Construction and ratings shall be in accordance with ARI 550/590. 

B. Conform to ASME (BPV VIII, 1) Boiler and Pressure Vessel Code for construction and testing of 
reciprocating water chillers. 

C. Conform to ASH RAE Std 15 for construction and operation of reciprocating water chillers. 

D. Energy Efficiency for air-cooled units: 

2.03 HERMETIC COMPRESSORS 

A. Scroll Compressors: 
1. Unit: Direct drive, hermetic, 3600 RPM, fixed compression, scroll motor-compressor with 

control panel. 
2. Features: Centrifugal oil pump, sump oil heater, oil level sight glass, oil charging valve, two 

point lubrication for each motor bearing, flooded lubrication for the journal and thrust 
bearings, check valve on scroll discharge port. 

3. Motor: Suction gas cooled, hermetically sealed, squirrel cage induction. 
4. Control panel: Factory mounted panel with separate starter and refrigeration control 

sections: 
a. Starter section: 

1) Non-fused molded case disconnect switch. 
2) Single point power connection and grounding lug. 
3) Control power transformer with fuse. 
4) Solid state overload relay for each compressor. 
5) Phase loss/reversal monitor. 

b. Refrigeration section: 
1) Anti-recycle timer. 
2) Reset relay. 
3) Reset switch. 
4) Low and high pressure control. 
5) Motor winding temperature protection. 

c. Manual reset for compressor overload, high motor temperature, and low and high 
refrigerant pressure. 

5. Automatic Capacity Reduction: Wire steps to terminal strip, refer to Section 233600. 

2.04 EVAPORATOR 

A. Provide evaporator of shell and tube type, seamless or welded steel construction with cast iron 
or fabricated steel heads, seamless copper tubes or red brass tubes with integral fins, rolled or 
silver brazed into tube sheets. Provide multiple refrigerant circuits on multiple compressor units. 

B. Design, test, and stamp refrigerant side for 225 psig working pressure and water side for 150 
psig working pressure, in accordance with ASME (BPV VIII, 1). 

C. Insulate with 0.75 inch minimum thick flexible expanded polyvinyl chloride insulation with 
maximum K value of 0.28. 

D. Provide water drain connection and thermometer wells for temperature controller and low 
temperature cutout. 

2.05 REFRIGERANT CIRCUIT 

2.06 CONTROLS 
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A. Locate on chiller, mount steel control panel, containing starters, power and control wiring, 
molded case disconnect switch, factory wired with single point power connection. 

12/01/09 

B. For each compressor, provide across-the-line starter, non-recycling compressor overload, starter 
relay, and control power transformer or terminal for controls power. Provide manual reset 
current overload protection. 

C. Provide devices on control panel face: 

D. Provide safety controls arranged so anyone will shut down machine and require manual reset: 
1. Low chilled water temperature switch. 
2. Flow switch in chilled water line. 

E. Provide operating controls: 
1. Multi-step chilled water temperature controller that cycles compressor and activates 

capacity controls. 
2. Five minute off timer prevents compressor from short cycling. 

F. Provide pre-piped gage board with pressure gages for suction and discharge refrigerant 
pressures, and oil pressures for each compressor. 

PART 3 EXECUTION 

3.01 INSTALLATION 

A. Install in accordance with manufacturer's instructions. 

B. Provide for connection to electrical service. Refer to Section 262717. 

C. Align chiller on concrete foundations, sole plates, and sub-bases. Level, grout, and bolt in place. 

D. Arrange piping for easy dismantling to permit tube cleaning. 

E. Provide piping from chiller safety relief valve to outdoors. Size as recommended by 
manufacturer. 

3.02 SYSTEM STARTUP 

A. Supply service of factory trained representative for a period of 3 days to supervise testing, and 
start-up. 

B. Supply initial charge of refrigerant and oil. 

C. Demonstrate system operations and verify specified performance. Refer to Section 230593. 

END OF SECTION 
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SECTION 237314 

MODULAR INDOOR CENTRAL-STATION AIR-HANDLING UNITS 

PART1 GENERAL 

1.01 EXTENT OF WORK 

A. Provide central station air handlers with ratings as shown. 

1.02 MANUFACTURERS 

A. Trane M-Series Climate Changer 

B. Carrier 

C. McQuay 

PART 2 PRODUCTS 

2.01 CONSTRUCTION 

12/01/09 

A. The unit shall be constructed as a complete frame with removable panels. Removal of side 
panels shall not affect the structural integrity of the unit. Panels shall be of double-wall 
construction. The interior wall shall be constructed of solid, galvanized steel. Insulation shall be 
2 inch thick, 3 pound per cubic foot density. 

B. Unit to be complete with adjustable V-belt drives having 1.5 service factor, belt guard, motor and 
adjustable motor base. 

C. Fans shall be double width, double inlet, multi blade-type, forward-curved fans. Fan performance 
shall be certified as complying with ARI Standard 430. Certified fan curves shall be submitted 
by the fan manufacturer for approval. 

D. All fans shall be statically and dynamically balanced and tested after being installed in factory 
assembled fan sections. The fan shaft shall not exceed 75 percent of its first critical speed at 
any cataloged speed. Fan wheels shall be keyed to the fan shaft to prevent slipping. The fan 
shafts shall be solid. The fan module shall be provided with an access door on the drive side of 
the fan. 

E. All units furnished shall be capable of supplying the specified CFM at the system static 
pressure indicated. The static pressure includes fresh air louver and duct, supply air duct, 
filters, dampers and heat wheel. 

F. Bearings shall be self-aligning, regreaseable types selected for an average life of 200,000 hours 
at design overrating conditions. The grease line for internal bearings shall be extended to the 
fan-support bracket on the drive side. 

G. Filter bases shall be provided with access doors and designed for 2" thick throwaway filters. 
Install new 2" thick glass fiber filters when the building is accepted. 

H. Access doors shall be equipped with formed steel angle frames, gaskets, piano hinges and 
concealed cam lock fasteners. Doors to be insulated to match the housing. Provide access 
doors on fan, filter, damper, and access sections. Provide view windows in doors for viewing, 
capable of withstanding unit operating pressure in sections with fans and dampers. Provide 
lights in all sections with access doors. 

I. Fan and rnotor assemblies shall be internally isolated from the unit casing with spring isolators. 
Fan scroll shall be attached to casing with flexible duct. Mount motors on a sliding base to 
permit belt tension adjustment. 
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J. The total energy heat recovery wheel shall reclaim both sensible and latent heat at a wheel net 
effectiveness as shown on the Drawings. The rotary energy-recovery wheel shall bear the ARI 
1060 label and be in accordance with ASH RAE Standard 84. Provide unit with modulating 
motor-operated outside air bypass dampers to bypass air around the wheel for frost control. 
Exhaust air bypass dampers are not required. See Section 23 09 93 for sequence of control. 

K. All units shall be furnished with outside air dampers to isolate the unit from outdoor conditions 
when the unit is not running. The dampers shall be of double-skin airfoil design with metal 
compressible jamb seals and extruded-vinyl blade-edge seals on all blades. The blades shall 
rotate on stainless-steel sleeve bearings. The dampers shall be rated for a maximum leakage 
rate of 5 CFM per square foot at I" W.g. and 9 CFM per square foot at 4" W.g. Dampers shall be 
arranged in an opposed blade configuration. 

L. Dampers and 24V motors to be factory installed. Furnish terminals for use of temperature 
control contractor for opening, closing, and modulating. 

PART 3 EXECUTION 

3.01 INSTALLATION 

A. Set equipment in place. Mount unit on neoprene vibration isolators. Make all duct connections 
with flexible connectors. 

END OF SECTION 
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SECTION 237413 

PACKAGED OUTDOOR CENTRAL·STATIONAIR·HANDLING UNITS 

PART1 GENERAL 

1.01 SECTION INCLUDES 

A. Packaged roof top unit. 

B. Unit controls. 

C. Remote panel. 

D. Roof mounting curb and base. 

1.02 RELATED REQUIREMENTS 

A. Section 076200 • Sheet Metal Flashing and Trim. 

B. Section 220548 • Vibration and Seismic Controls for Plumbing Piping and Equipment. 

1.03 REFERENCE STANDARDS 

12/01/09 

A. ARI 210/240 - Standard for Performance Rating of Unitary Air Conditioning and Air-Source Heat 
Pump Equipment; Air-Conditioning, Heating, and Refrigeration Institute; 2006. 

B. ARI 270 - Sound Rating of Outdoor Unitary Equipment; Air-Conditioning, Heating, and 
Refrigeration Institute; 2008. 

C. NFPA 90A - Standard for the Installation of Air-Conditioning and Ventilation Systems; National 
F',re Protection Association; 2002. 

1.04 SUBMITTALS 

A. See Section 013000 - Administrative Requirements, for submittal procedures. 

B. Product Data: Provide capacity and dimensions of manufactured products and assemblies 
required for this project. Indicate electrical service with electrical characteristics and connection 
requirements, and duct connections. 

C. Shop Drawings: Indicate capacity and dimensions of manufactured products and assemblies 
required for this project. Indicate electrical service with electrical characteristics and connection 
requirements, and duct connections. 

D. Manufacturer's Instructions: Indicate assembly, support details, connection requirements, and 
include start-up instructions. 

E. Operation and Maintenance Data: Include manufacturer's descriptive literature, operating 
instructions, installation instructions, maintenance and repair data, and parts listing. 

F. Warranty: Submit manufacturer's warranty and ensure forms have been filled out in Owner's 
name and registered with manufacturer. 

1.05 WARRANTY 

A. See Section 017800 - Closeout Submittals, for additional warranty requirements. 

B. Provide a five year warranty to include coverage for refrigeration compressors. 

PART2 PRODUCTS 

2.01 MANUFACTURERS 

A. Carrier Corporation; Model : www.carrier.com 
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B. Trane Inc; Model ___ ' www.trane.com. 

C. McQuay __ _ 

2.02 AIR CONDITIONING UNITS 

A. General: Roof mounted units having gas burner and electric refrigeration. 

B. Description: Self-contained, packaged, factory assembled and prewired, consisting of cabinet 
and frame, supply fan, heat exchanger and burner, controls, air filters, refrigerant cooling coil and 
compressor, condenser coil and condenser fan. 

2.03 FABRICATION 

A. Cabinet: Steel with baked enamel finish, including access doors with piano hinges and locking 
handle. Structural m~mbers shall be minimum 18 gage, with access doors or panels of 
minimum 20 gage. 

B. Insulation: one inch thick neoprene coated glass fiber with edges protected from erosion. 

C. Heat Exchangers: Aluminized steel, of welded construction. 

D. Supply Fan: Forward curved centrifugal type, resiliently mounted with V-belt drive, adjustable 
variable pitch motor pulley, and rubber isolated hinge mounted high efficiency motor. Isolate 
complete fan assembly. Refer to Section 220548. 

E. Air Filters: 2 irich thick glass fiber disposable media in metal frames. Refer to Section 234000. 

F. Roof Mounting Curb: 14 inches high galvanized steel, channel frame with gaskets, nailer strips. 

2.04 BURNER 

A. Gas Burner: Induced draft type burner with adjustable combustion air supply, pressure 
regulator, gas valves, manual shut-off, intermittent spark or glow coil ignition, flame sensing 
device, and automatic 100 percent shut-off pilot. 

B. Gas Burner Safety Controls: Energize ignition, limit time for establishment of flame, prevent 
opening of gas valve until pilot flame is proven, stop gas flow on ignition failure, energize blower 
motor, and after air flow proven and slight delay, allow gas valve to open. 

C. High Limit Control: Temperature sensor with fixed stop at maximum permissible setting, 
de-energize burner on excessive bonnet temperature and energize burner when temperature 
drops to lower safe value. 

D. Supply Fan Control: Temperature sensor sensing bonnet temperatures and independent of 
burner controls, with provisions for continuous fan operation. 

2.05 EVAPORATOR COIL 

A. Provide copper tube aluminum fin coil assembly with galvanized drain pan and connection. 

B. Provide capillary tubes or thermostatic expansion valves for units of 6 tons capacity and less, 
and thermostatic expansion valves and alternate row circuiting for units 7.5 tons cooling 
capacity and larger. 

2.06 COMPRESSOR 

A. Provide hermetic compressors, 3600 rpm maximum, resiliently mounted with positive lubrication, 
crankcase heater, high and low pressure safety controls, motor overload protection, suction and 
discharge service valves and gage ports, and filter drier. 

B. Five minute timed off circuit to delay compressor start. 
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C. For heat pump units, provide reversing valve, suction line accumulator, discharge muffler, fiow 
control check valve, and solid-state defrost control utilizing thermistors. 

2.07 CONDENSER COIL 

A. Provide copper tube aluminum fin coil assembly with subcooling rows and coil guard. 

B. Provide direct drive propeller fans, resiliently mounted with fan guard, motor overload protection, 
wired to operate with compressor. Provide high efficiency fan motors. 

2.08 MIXED AIR CASING 

A. Dampers: Provide remote controlled outside and return air dampers with damper operator and 
remote rheostat for adjusting outside air quantity. 

B. Gaskets: Provide tight fitting dampers with edge gaskets. 

2.09 OPERATING CONTROLS 

A. Provide terminal strip on unit for connection of operating controls to remote panel by others. 
Control shall allow for two stages of heating and two stages cooling. 

PART 3 EXECUTION 

3.01 INSTALLATION 

A. Install in accordance with manufacturer's instructions. 

B. Mount units on factory built roof mounting curb providing watertight enclosure to protect 
ductwork and utility services. Install roof mounting curb level. 

3.02 SYSTEM STARTUP 

A. Prepare and start equipment. Adjust for proper operation. 

END OF SECTION 
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SECTION 238147 

WATER SOURCE HEAT PUMPS 

PART 1 GENERAL 

1.01 SUBMITTALS 

A. Product Data: Manufacturer's data sheets for each product furnished, including: 
1. Electrical and performance data showing compliance with specifications. 
2. Required water fiow rates and temperatures for inflow and outflow. 
3. Installation instructions. 
4. Start-up, troubleshooting, and TAB instructions. 
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B. Shop Drawings: Show piping connections and interface to source-side and load-side piping, 
circulator pumps, and condensate drains. Include control wiring diagrams prepared specifically 
for this project, showing interface to space temperature control systems. 

1.02 QUALITY ASSURANCE 

A. Manufacturer Qualifications: Company specializing in manufacturing products of the type 
specified in this section, with not less than three years of documented experience. 

B. Installer Qualifications: Company specializing in performing the work of the type this section 
and approved by manufacturer. 

1.03 DELIVERY, STORAGE, AND PROTECTION 

A. Verify upon delivery that equipment nameplate data, including electrical data, matches specified 
and ordered equipment. Verify that refrigerant charge has been retained during shipping. 

B. Store products in manufacturer's unopened packaging until ready for installation. 

1.04 WARRANTY 

A. The units shall be warranted by the manufacturer against defects in materials and workmanship 
for a period of one year on all parts. 

PART 2 PRODUCTS 

2.01 MISCELANEOUS 

A. Furnish all as called for on the drawings and herein specified. 

B. The water-source heating/cooling units shall be either a reverse cycle suspended type with 
horizontal air inlet and discharge or a floor mounted type with horizontal air inlet and vertical 
up-fiow or down-flow air discharge. Units shall be ARI/ISO Standard 13256-1 (ground-source 
closed loop) performance certified and listed by a nationally recognized safety testing laboratory 
or agency, such as ETL Testing Laboratory. Each unit shall be computer run-tested at the 
factory, mounted on a pallet, and shipped in a corrugated box. 

C. The water-source units shall be designed to operate with liquid temperature between 35 degrees 
F and 110 degrees F. 

D. Refrigerant R-410A. 

E. All heat pumps shall be connected to water and functionally tested at the factory, including 
safety controls. Each unit shall be operated over the entire voltage tolerance range. 

2.02 MANUFACTURERS 

A. Water Furnace-Envision Series 
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B. Climate Master 

C. Florida Heat Pump 

D. Hydro-Temp. 

2.03 SPACE LIMITATIONS 

A. Note that the space available for heat pumps, ductwork and piping is restricted. Each heat 
pump supplier must insure that adequate space is available for the proper installation, operation, 
and maintenance of his particular brand. Units that are deemed too large by the engineer to 
comply with the above requirements will be rejected. 

2.04 HORIZONTAL MODELS AND VERTICAL MODELS 

A. Casing & Cabinet 
1. The cabinet shall be fabricated from heavy-gauge galvanized steel. The interior shall be 

insulated with lI," thick, multi-density, coated glass fiber with edges sealed or tucked under 
flanges to prevent the introduction of glass fibers into the discharge air. One or two blower 
compartment access panels and three compressor compartment access panels shall be 
provided for major service with the unit in place for restricted access installations. 

2. A 1" duct collar shall be provided on the supply air opening. Standard-size filters (1 ") shall 
be provided with each unit. Vertical units shall have a return air filter rack/duct collar, and 
horizontal units shall have a filter rack/duct collar (accepts 1" or 2" filters) provided for field 
assembly and mounting. The units shall have an insulated divider panel between the air 
handling section and the compressor section to minimize the transmission of compressor 
noise and to permit operational service testing without air bypass. Vertical units shall be 
supplied with a left or right horizontal air inlet and a top or bottom vertical air discharge. 
Horizontal units shall be supplied with a left or right air inlet and a side or end air discharge. 

B. Refrigerant Circuit 
1. All units shall contain a sealed refrigerant circuit including a hermetic motor-compressor, 

bidirectional thermal expansion valve, finned tube air-to-refrigerant heat exchanger, 
reversing valve, coaxial tube water-to-refrigerant heat exchanger, and service ports. Dual 
compressor units shall contain two refrigerant circuits. Units shall not use CFC refrigerants. 

2. Compressors shall be high efficiency rotary, reciprocating or scroll type designed for heat 
pump duty and mounted on vibration isolators. Compressor motors shall be single- or 
three-phase with internal overload protection, per the schedule on the plans. The finned 
tube coil shall be sized for low-face velocity and constructed of lanced aluminum fins 
bonded to rifled copper tubes in a staggered pattern not less than three rows deep. 

3. The coaxial water-to-refrigerant heat exchanger shall be designed for close approach 
temperatures, constructed of a convoluted copper inner tube and a steel outer tube, and 
capable of 450 psi water and 450 psi refrigerant working pressures. The thermal 
expansion valve shall provide proper superheat over the entire liquid temperature range with 
minimal "hunting". The valve shall operate bidirectionally without the use of check valves. 
Externally mounted pressure regulating flow control valves are not acceptable. 

4. The water-to-refrigerant heat exchanger and refrigerant suction lines shall be insulated to 
prevent condensation at low liquid temperatures. 

C. Fan Motor & Assembly 
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1. The fan shall be direct drive type on units up to nominal 6 tons and belt drive on larger 
units, with a dynamically balanced wheel. The housing and wheel shall be designed for 
quiet, low outlet velocity operation. The fan housing shall be constructed of galvanized 
steel and shall be removable from the unit without disconnecting the supply air ductwork for 
servicing the fan motor. The fan motor shall be high efficiency and provide high static 
capability and shall be 3 or 4 speed on direct drive models and fixed on belt drive models. 
The fan motor shall be isolated from the housing by rubber grommets. The motor shall be 
permanently lubricated and have thermal overload protection. 

O. Electrical 
1. All heat pump unit controllers shall be factory installed and wired and shall be fully 

compatible with EIA-709.1 communication standard (Echelon Lonworks). Heat pump shall 
be controlled an Application Specific Controller ASC furnished by the Temperature Control 
Contractor. Controller to be factory mounted and wired. Temperature control supplier to 
furnish complete installation and wiring instructions to the factory. 

2. A terminal block with screw terminals shall be provided for field low-voltage wiring, and a 
75VA low voltage transformer shall be provided. If applicable, heat pump shall accept 
wiring from safety devices such as smoke detectors to shut down the unit. 

3. Line voltage box lugs shall be provided for unit wiring. Units shall have knockouts for 
entrance of low and line voltage wiring. The fan motor and control box shall be harness 
plug connected for easy removal on direct drive models. 

E. Piping 
1. Supply and return water connections shall be copper threaded fittings mechanically 

fastened to unit cabinet, eliminating the need for backup wrenches when making field piping 
connections. Threaded copper adaptors shall be low-temperature soldered to prevent 
misshaping or weakening of the fitting, eliminating potential start-up leaks. 

2. All water piping shall be insulated to prevent condensation at low liquid temperatures. 
3. On direct-drive units, the condensate connection on vertical units shall be 3/4" PVC glue 

and internally trapped. The condensate connection on horizontal units shall be 3/4" 00 
sweat. 

4. On belt-drive units, the condensate connection shall be constructed of copper. Vertical 
units shall have an internally trapped hose which can be routed to front or side locations. 

5. The hanger kit shall consist of galvanized steel brackets, bolts, lock washers, and isolators 
and shall be designed to fasten to the unit bottom panel for suspension from 3/8" threaded 
rods. 

F. Factory-Mounted Options 
1. Cupronickel coaxial water-to-refrigerant heat exchanger and fittings. 
2. Electromechanical unit controls. 
3. Sound attenuation package (compressor sound blanket and spring mounted isolation). 
4. Powder coat painted cabinet finish. 

G. Field-Installed Options 
1. Braided supply and return hose kits (including ball valves, solenoid valve and metered water 

flow control). 

2.05 ROORTOP HEAT PUMPS 

A. The reinforced cabinet shall be Aluminum double wall cabinet designl, 1.5' thick multi-density 
sound absorbing and painted electrostatically to prevent corrosion. The interior of the cabinet 
shall be lined with high density, coated insulation with improved thermal insulating and 
acoustical absorption characteristics. The units shall have panels for ease of inspection and 
service to all components. 

B. Each refrigerant circuit shall have a hermetic compressor, electronic expansion valve, 
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water-to-refrigerant coaxial exchanger, reversing valve, finned tube heat exchanger, sightglass 
and safety controls. Units 5 to 10 tons shall have 1 or 2 refrigerant circuits and units larger than 
10 tons shall have dual, independent circuits. 

C. Each compressor shall be hermetic type with thermal overload protection and external rubber 
mounts. The finned tube coil shall have aluminum fins bonded to copper tubes. The coaxial 
heat exchanger shall have a copper inner tube and steel outer tube with a U.L. listing with a 300 
psig water side rating and a 450 psig refrigerant side rating. 

D. The fan section shall include a belt-driven fan assembly, multiple DWDI forward curved fan 
wheels, three phase fan motor, adjustable motor sheave, adjustable motor base and fan pulley. 

E. Filters shall be 1" throwaway type. (See Paragraph 3.02) 

PART 3 EXECUTION 

3.01 INSTALLATION 

A. Install and connect units as shown on the plans and in accordance with the manufacturer's 
instructions. 

B. After start-up and balance, remove filters in all units that have return air grille filtration. Install 
clean filters in all other units. 

C. Balance each unit's water to design flow requirements. (See Section 23 05 93). 

D. Run and test each unit on both cycles. Complete manufacturer's start-up check list for each 
unit and turn lists over to Engineer. 

E. Each unit to be supported on spring or rubber isolation rods. All units are to be installed free 
and clear of ALL obstructions that would impair the removal and replacement of the units or 
performing in-place maintenance. 

3.02 UNIT START-UP 

A. Units are to be started one at a time, with a preliminary checkout made before moving on to the 
next unit in the system layout. Conduct the initial check as follows: 
1. Close the disconnect which supplies electrical power to the unit. 
2. Set the thermostat to operate in "cooling" by setting the temperature below the room 

temperature. 
3. Check unit operation. The following should be observed: the reversing valve should be 

energized; the unit should be supplying cool air to the conditioned space; the water leaving 
the heat exchanger should be approximately 12 degrees warmer than the entering water; 
the blower operation should register within serial plate rating; and the suction line should 
be cool, with no frost observed on the refrigerant circuit. 

4. Next, turn the thermostat off; wait two minutes and then turn to "heat". The following 
should be observed: The reversing valve should be de-energized; warm air should be 
blowing from the unit; there should be a water temperature decrease of approximately 8 
degrees as it leaves the heat exchanger; and the blower and compressor operation should 
be smooth, with no frost observed on the refrigerant circuit. 

B. If any of the above preliminary checks indicate a possible abnormal condition, the unit must be 
examined more closely. Refer to the startup check-list and trouble shooting charts. 

C. As each unit has started and the preliminary checks found to be acceptable, startup can 
proceed to the next unit until the complete circuit of units has been started. With the preliminary 
startup completed, a more comprehensive operation check must be performed. A startup check 
list is provided for this purpose. All readings should be taken and recorded on this form. This 
information will provide an indication of startup performance as well as a reference for future 
trouble shooting of the equipment. 
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D. Furnish completed check list of the Start Up showing each item listed above in the Operating 
Manual for each heat pump. 

END OF SECTION 
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SECTION 238239.19 

ELECTRIC HEATER 

PART 1 GENERAL 

1.01 EXTENT OF WORK 

A. Furnish and install a wall mounted electric heater where shown. Unit shall have capacities as 
indicated on the schedule. The heater shall be recess for surface mounting 

1.02 MANUFACTURERS 

A. Q Mark 

B. Markel 

C. Indeeco 

PART 2 PRODUCTS 

2.01 PRODUCT REQUIREMENTS 

A. Each unit shall be certified to deliver published heating capacities. Each unit shall be listed 
with Underwriters' Laboratories and shall be wired in accordance with the National Electrical 
Code. 

B. Recess Enclosure-The back box shall be 20 gauge galvanized steel and shall contain knockouts 
through which field wiring leads shall be brought. The louvered recess faceplate shall be of 20 
gauge cold rolled steel, phosphatized then electrostatically painted Antique White by a baked 
enamel process. 

C. Motor and Controls-The fan motor shall be impedance-protected, permanently lubricated and 
with totally-enclosed rotor. Fan control shall be bi-metallic, snap-action type and shall activate 
fan and heating element when the thermostat calls for heat and continue to operate the fan after 
the thermostat is satisfied and until all heated air has been discharged. Thermal cutout shall be 
bi-metallic snap-action type designed to automatically shut off heater in the event of overheating 
and reactivate the heater when temperature returns to normal. 

D. Electric heating elements shall have finned steel sheaths. Unit shall be factory wired with high 
temperature cutout safety control, and fan override thermostat. 

E. Furnish with wall mounted thermostat. 

PART 3 EXECUTION 

3.01 INSTALLATION 

A. The Contractor shall set each unit in place, either recessed mounted, as shown on the Drawings. 

B. The Contractor shall touch up or repaint marred units as may be necessary. Each unit shall be 
cleaned inside and out prior to operation. 

END OF SECTION 
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