
SECTION 15684

PACKAGED STEAM TURBINE DRIVEN CENTRIFUGAL CHILLER

PART 1 GENERAL

1.1 scope of WORK 

A. Furnish two packaged steam driven, centrifugal chillers, F.O.B. to The College of New Jersey in Ewing, NJ, with freight prepaid and equipment insured. Chillers shall be completely assembled in the factory and require single point power connection. Chillers shall include but not limited to the following components: 

1. Refrigerant cooler and condenser

2. Centrifugal compressor

3. Steam turbine drive.

4. Steam condensing unit.

5. Charge of refrigerant and oil.

6. Control and instruments.

7. Pump down unit

8. Steam exhaust expansion joint

9. Condensate drain tank and controls

10. Controls

B. Provide supervision by a factory-trained personnel for field assembly of chiller, steam condenser, condensate pumps, and miscellaneous components by a mechanical contractor to be employed by the Owner.

1.2 SUBMITTALS

A. Product data:  Detailed equipment drawings including dimensional information, weight, support details, catalog cuts of components, electric requirements, wiring diagrams and control sequence. 

B. Performance data:  for full load and part load conditions as indicated hereinafter. 

C. Allowable forces and moments at inlet and outlet flanges of steam turbine and steam condenser.

D. Submit turbine critical speed.

E. Assembly drawings indicating field piping and wiring requirements.

1.3 OPERATION AND MAINTENANCE DATA

A. Include start-up instructions, maintenance data, parts lists, controls, and accessories.  Include trouble- shooting guide.

1.4 QUALIFICATIONS

A. Manufacturer shall be specializing in the manufacture of the products specified in this Section with minimum ten years documented experience and minimum five years experience with the model specified in this Section.

B. Unit shall be manufacturer’s standard product, designed and manufactured in accordance with appropriate industry standards.

PART 2 PRODUCTS

2.1 MANUFACTURERS

A. York International Corp.

B. Carrier Corp.

2.2 CHILLER UNIT

A. Design Operating/Performance Data:

1. Refrigerant:  R134a or R22

2. Steam turbine driven chiller based on the following steam conditions:

a. Supply:  125 psig saturated

b. Exhaust: 3 inch Hg

3. Chiller nominal capacity: 2,000 tons, rated for the following conditions:

	
	Full Load
	Part Load

	Chilled water
	
	

	  Flow, gpm
	4,000
	2,000

	  Entering water temp, ºF
	54
	54

	  Leaving water temp, ºF
	42
	42

	  Max. pressure drop, ft.
	27
	By vendor

	Condenser Water
	
	

	  Flow, gpm
	6,000
	6,000

	  Entering water temp, ºF
	85
	Per ARI

	  Leaving water temp, ºF
	By vendor
	By vendor

	  Max. pressure drop, ft.
	27
	By vendor

	Steam rate (lbs/ton-hr.)
	10.5 max.
	By vendor


B. Initial charge of oil and refrigerant shall be supplied, shipped in containers and cylinders for field installation. 

C. Manufacturer's Certification:

1. Chiller manufacturer shall certify in writing chiller energy input for each of the following load points:

a. 20 percent of full load at entering condenser water temperature per ARI.

b. 33 percent of full load at entering condenser water temperature per ARI.

c. 66 percent of full load at entering condenser water temperature per ARI.

d. 100 percent of full load at 85 ˚F entering condenser water temperature).

2. Based on constant leaving chilled water temperature and flow.

D. ASME Nameplate:

1. Evaporator and condenser:  when the waterside will contain fluid of 120 gallons or more (including tubes and both water boxes) and the vessel will have an internal pressure exceeding 15 psig, the vessel shall display an A.S.M.E. nameplate which shows pressure and temperature data and the "U" stamp for Section VIII, Division 1 of the ASME Code".

2.3 COMPRESSOR

A. Type:

1. Single-stage centrifugal type.

B. Complete with:

1. Impeller:

a. Nonferrous, cast aluminum or approved equivalent material.

b. Dynamically and statically balanced after fabrication and tested to minimum 25 percent overspeed.

c. Sufficiently rigid to prevent any vibration at operating speeds. Operating speed below first critical speed.

d. Maximum impeller speed:  13,000 rpm.

2. Casing:  close-grain cast iron or approved equivalent material.

3. Forced-circulation lubricating system with:

a. Main oil pump driven either by motor or through gears from compressor shaft. Provide an electric motor driven auxiliary oil pump.

4. Oil pump operation:

a. Pump shall operate automatically before compressor start and during coast down.

b. Oil flow must be proven for compressor to run.

5. Oil system complete with:

a. Pressure-relief valves.

b. Oil piping.

c. Gauges.

d. Sight ports.

e. Thermometers.

f. Oil pressure switches.

g. Oil cooler:  design for use with chilled water, condenser water or directly cooled by refrigerant.

h. Oil filter.

i. Oil reservoir.

j. Oil heater:

1) Size to prevent oil from absorbing refrigerant during shutdowns.

2) Thermostatically controlled.

6. Automatic capacity control:

a. Variable inlet guide vanes operating through arc of 90 deg.

b. Vanes:

1) Stainless steel or nonferrous alloy.

2) Heat-treated stainless steel or nonferrous alloy shafts.

3) Approved-type positive seal where vane operating mechanism transmits motion to linkage.

7. Lifting device:  eyebolt or approved device to permit lifting compressor.

2.4 GEAR DRIVE

A. Gear transmission:

1. Self-aligning type, integral to compressor

2. Have sufficient capacity to transmit maximum compressor load plus 10% under all operating conditions.

3. To operate without objectionable noise or vibration.

4. Design and manufacture in accordance with latest American Gear Manufacturers Association (AGMA) standards.

B. Gear:

1. Double helical type.

2. Gear teeth flooded continuously with filtered oil.

C. Bearings:

1. Suitable for both gears and pinions.

2. Pressure-lubricated.

D. Temperature rise of gears:  not to exceed 70 deg F above ambient at full load.

2.5 EVAPORATOR

A. Type:  shell and tube. Fouling factor:  0.0001

B. Shell: welded steel construction.

1. Design water side for 200 psi working pressure.

a. Test not less than 1.5 times maximum working pressure.

2. Design refrigerant side for 20% over the normal operating pressure but not less than 265 psig.

a. Test not less than 1.5 times maximum working pressure.

C. Tubes:

1. Copper:

a. Minimum 0.028 inch wall thickness measured at the root of fins.

b. Integral copper fins.

2. Rolled into grooved holes in tube sheets and supports in equal sized holes for all tubes.

3. Removable without affecting tube sheet or causing leakage of adjacent tubes.

4. Supports:  maximum 5 ft on center.

D. Tube sheet:

1. Carbon steel suitable for withstanding working pressure.

2. Welded to evaporator shell.

3. Intermediate tube sheets to prevent tube vibration.  Tubes shall be smooth at the point where they are expanded into the tube sheet.

E. Water boxes:

1. Water boxes shall be marine type with removable covers to permit tube cleaning and replacement.  ANSI 150 lb flanged water connections.

2. Vent and drain connections.

3. Welded or bolted to tube sheet.

4. Tappings for thermometers, control bulbs and gauges.

F. Baffles:

1. To prevent direct impingement of liquid on tubes.

2. To uniformly distribute liquid refrigerant.

G. Eliminators:

1. Nonferrous.

2. To prevent liquid refrigerant from entering compressor.

H. Refrigerant-charging connection.

I. Relief valve:

1. Relief valve and rupture disc with piping connection kits. 

2. In accordance with requirements of:

a. Authorities having jurisdiction.

b. Safety Code for Mechanical Refrigeration, ASHRAE l5.

J. Sight glass:  to indicate liquid refrigerant level.

K. Thermometer to indicate refrigerant temperature.

L. Water velocity: as required to allow for water flow variation stipulated in 2.2 above.

2.6 CONDENSER

A. Type:  shell and tube.

1. Fouling factor:  0.00025.

B. Shell: welded steel construction.

1. Design refrigerant side for 20% over normal operating pressure but not less than 265 psig.  Test not less than 1.5 times maximum working pressure.

C. Construction, similar to evaporator for:

1. Tubes.- Turbulators not permitted.

2. Tube sheets.

3. Intermediate tube sheet supports.

4. Water boxes with hinged covers.

D. Baffles:

1. To prevent direct impingement of refrigerant gases upon tubes.

2. To uniformly distribute gas refrigerant over length of condenser.

3. Noncorrodible baffle sheet to segregate and collect noncondensable gases for compression purging.

4. Purge connection:   noncorrodible materials.

E. Water velocity:  maximum 10 ft per second in tubes; minimum 3.5 ft. per second.

2.7 HOT GAS BYPASS

A. Provide hot gas bypass as required for operation at 10% of rated capacity. Hot gas bypass shall be automatically engaged to maintain stable operation down to 10% of rated capacity.

B. Chiller control panel shall indicate chiller in hot gas bypass mode.

2.8 SUPPORTS

A. Provide manufacturer’s standard support kit including neoprene pads for vibration isolation.  Indicate locations and sizes of anchor bolts. 

2.9 STEAM TURBINE

A. General

1. Multi-stage, impulse type.

2. Capable of driving a 2,000 ton centrifugal chiller through a direct connection coupling

3. Power output not less than 105 percent of that required by the chiller at rated speed and maximum full load when supplied with steam at the design condition. 

4. Design in accordance with NEMA SM23.

B. Casing - Horizontally split and designed and supported to allow longitudinal thermal expansion without affecting a1ignment or efficiency of the turbine.

C. Rotor 

1. Shaft: alloy steel

a. Ground throughout

b. Stainless steel sprayed in the carbon ring end gland contact area.

2. Wheels 

a. Alloy steel

b. Shrunk and keyed to the shaft.

3. Blades: 403 SST 

D. Nozzles - Stainless steel 

E. Bearings

1. Steel backed, babbit lined, split sleeve type designed for pressure lubrication.

2. Bottom half removable with the shaft in place.

3. Bearing housing

a. Provisions shall be made to prevent leakage of oil from the housing.

b. Provisions for air purging of the housing shaft seals.

4. Thrust bearing: double acting, Kingsbury type.

F. Governor Valve

1. Stainless steel

2. Seats - Stainless steel

3. Designed to contro1 flow throughout the entire operating range of the turbine.

G. Trip and Isolation Valves

1. A globe valve for isolation and manual throttling of steam flow during startup. Shipped loose for field installation.

2. Pneumatically actuated trip valve to be high performance butterfly valve. Factory mounted to the inlet of governor valve.

H. Governor

1. Pneumatic actuator requiring a minimum of 80 PSIG air pressure.

2. Accept a 1-5 VDC or 4-20 mA signal for variable speed control

3. Supply with:

a. Governor trip relay

b. Idle/rated switch

c. Hand held programmer

4. Capability for serial communication

5. Suitable for flush mounting.

6. The turbine shall be capable of controlling an idle speed set by the governor for turbine warm up.

7. Shall close the governor valve in the event of a turbine trip.

8. Similar to Woodward Peak 150 electronic governor.

I. Overspeed Governor

1. Shall operate independent of other speed governors

2. Design to close the main steam inlet valve, either electric motor driven or pneumatic actuator driven, when the turbine speed exceeds 110 percent of the maximum continuous operating speed of the turbine

3. Activation of the independent trip valve shall cause the governor valve to also close

4. Furnish micro switch on the trip linkage.

J. Plant Air

1. One common customer air connection sha1l be furnished to supply air for all the turbine air requirements.

2. Customer will supply 80 -150 PSIG instrument quality air.

K. Steam Strainer

1. Stainless steel, integral to steam turbine at steam inlet.

2. Select size and mesh to minimize the pressure drop.

3. Removable without breaking the steam piping connections.

L. Seals

1. Carbon ring end gland and diaphragm seals. The end gland seals are to be arranged for the admission of sealing steam.

2. Provide two manual throttling valves and piping for gland seal steam.

3. If required as manufacturer’s standard, provide a shell and tube heat exchanger for gland seal steam condenser complete with steam ejectors. Designed for 85 F cooling water.

M. Lubrication

1. Turbine shaft driven main oil pump

2. Motor (208 460V/3P/60H, TEFC) driven auxiliary oil pump

3. Water cooled shell and tube oil cooler: 150 PSIG, 85 deg F cooling water, 25 micron full flow

4. Oil filter

5. Separate oil reservoir with level gauge and clean outs

6. Pressure gauges for all pressure levels

7. Dial type thermometers at cooler inlet/outlet lines

8. Low oil pressure trip switch

9. High oil temperature trip switch.

N. Piping and Fittings

1. All on board piping shall be seamless carbon steel with socket or butt-weld fittings and flanges.

2. Inlet and exhaust flanges conforming to the latest ANSI standard.

3. Install all necessary inter-connecting oil, trip, sealing and leak-off piping as part of the unit.  

O. Handvalves - Two handvalves, one for overload and one for part load.

P. Solenoid Trip

1. A solenoid operated trip mechanism for automatic turbine shutdown.

2. This solenoid trip shall also serve the turbine low oil pressure and high oil temperature trip switches.

Q. Vacuum Breaker

1. Solenoid operated

2. Mount on turbine exhaust, to insure quick shutdown of the turbine in the event of a trip.

R. Sentinel Valve - Mount on exhaust casing, to indicate when the exhaust pressure is at 5 PSIG.

S. Insulation - Blanket insulation on the steam chest and barrel of the turbine with stainless steel mesh and hard cloth cover.

T. Tachometer - Electronic, digital tachometer with one indicator.

U. Gauge - A gauge-board equipped with 3 steam gauges (steam inlet, nozzle ring, and exhaust pressure) and the tachometer indicator.

V. Moisture Bands - Stainless steel for all diaphragms.

W. Couplings - Diaphragm type with guard

X. Drain Tank - Carbon steel construction complete with gauge glass, level switches and alarms, inlet and drain connections and valves, relief valve and vent.  As an alternate, non-electric pressure powered pump similar to Spirax Sarco Type PPF is acceptable.

Y. Exhaust:

1. Provide exhaust pipe from steam turbine to surface condenser

2. Expansion Joint – Bellow type, stainless steel construction with flanged connections.

2.10 STEAM CONDENSING UNIT

A. General

1. Design conditions

a. Steam flow:
Match maximum steam turbine design flow

b. Condensing pressure:
2.8 inches Hg abs.

c. Condenser water supply temperature: from chiller condenser exhaust

d. Condenser water flow: same as chiller condenser

e. Cleanliness factor: 85%

f. Condensate and vacuum pump power: 460V/60/3

2. Surface condenser shall be designed for mounting on top of chiller. Condensate recovery package including condensate pumps and controls shall be located remotely on the floor. Provide all necessary piping, fittings, and wiring for field installation and connection of condensate pumps and surface condenser for a fully operational assembly.

3. Condenser shall be outfitted with lifting lugs 

B. Condenser

1. Shell and tube type designed in accordance with TEMA


2. Water boxes shall be, marine type, steel with removable covers, welded or bolted to tubesheets.

3. Waterside shall be suitable for a maximum working pressure of 150 psig.

4. Steam side shall be designed for 15 PSIG and 30" Hg vac.

5. Condenser to be mounted on top of chiller. Provide side steam inlet and bathtub hotwell such that overall height of chiller and condenser does not exceed 17 feet 6 inches.

C. Tubes

1. ¾ inch diameter, 18 BWG copper roller-expanded into tube sheets.

2. Water velocity shall not exceed 10ft per sec.

D. Tube Sheets

1. Steel.  

2. Welded or bolted to the shell with collar bolts.

3. Supply intermediate tube supports as per TEMA.

E. Atmospheric Relief Valve

1. Water seal type with external handwheel.

2. Size in accordance with applicable Heat Exchanger Standards for Protection.

F. Hotwell and Level Controls

1. Size depth to accommodate height limitations in B.5 above. 

2. Recirculation flow control valve:  pneumatic with increasing air pressure opening plug valve. Valve closes on air failure. (Fisher or approved equal).

3. Overboard flow control valve:  pneumatic with increasing air pressure closing plug valve. Valve opens on air failure. (Fisher or approved equal).

4. External liquid level controller. (Fisher or approved equal).

5. High and low water level alarm system as follows:

a. Operation: alarm bell and pilot light actuated if condensate reaches predetermined high or low level point.

b. Alarm bell.

c. Si1encing switch.

6. Gage glass with shutoff cocks.

7. Hotwell pumps

a. Two pumps, each sized for 100% capacity.

b. Single stage, end suction.

c. Design for 20 psi pressure at outlet of overboard valve.

d. Completely wired controls for lead/lag operation of pumps.  Lead pump to start manually; lag pump to start automatically upon failure of lead pump. An alarm shall be activated upon starting of lag pump.

G. Vacuum system

1. Two full capacity vacuum pump, one to be standby. Sized to draw the condenser down to an operating pressure of 27.2 inches Hg vacuum in approximately 10 minutes.

a. Cast iron construction with bronze impeller.

b. Pump motor, motor controller and accessories for automatic operation.

2. Accessories: Discharge water trap; silencer; separator; water line strainer; flow control valve; flow switch; vacuum gage at condenser inlet; pressure gage at condensate pump outlet manifold; solenoid valve; and adjusting cock.

3. Completely wired controls for lead/lag operation of pumps.  Lead pump to start manually; lag pump to start automatically upon failure of lead pump. An alarm shall be activated upon starting of lag pump.

2.11 INSTRUMENT AND GAUGE PANELS

A. Chiller panel complete with:

1. Condenser pressure gauge.

2. Evaporator pressure gauge.

3. Lubricating oil pressure gauge.

4. Purge drum pressure gauge.

5. Switches permitting manual or automatic operation of oil pump and purge pump.

6. Switch for purge oil separator including pilot lights for inspection of operating condition of system.

B. Specified safety controls may be located on gauge board as approved.

C. Clearly visible to operator.

D. Completely wired, assembled and adjusted at factory.

E. Thermometers to indicate:

1. Temperature of chiller liquid refrigerant.

2. Temperature of liquid refrigerant from condenser.

2.12 MICROPROCESSOR CONTROL CENTER

A. The unit will be furnished complete with a microcomputer control center in a locked enclosure.  

1. The chiller will be controlled through a single panel.

2. The panel will have the capability to control inlet guide vane position as well as turbine speed in response to chiller load requirements.  

3. The control center will include a 40 character alphanumeric display showing all system parameters in the English language with numeric data in English or metric units.

B. Keypad - Digital programming of setpoints through a color coded, non-tactile keypad will include: 

1. Leaving chilled liquid temperature.

2. Remote of stopping chiller and pumps/manual restart.

3. 20ºF remote fixed temperature range.

4. Data logger.

C. Variable Speed Operation

1. The control system, in conjunction with the Woodward Peak 150 Governor, will vary the turbine/compressor speed based on entering cooling water temperature on the refrigerant condenser.

2. Compressor pre-rotation vanes will vary based on leaving chilled water temperature from the evaporator.

D. Security

1. Security access will be provided to prevent unauthorized change of setpoints, to allow local or remote control of the chiller, and to allow manual operation of the pre-rotation vanes, turbine speed and compressor oil pump.

E. Safety & other Shutdowns

1. All safety shutdowns will be annunciated through an alpha numeric display and consist of day, time, cause of shutdown, and type of restart required.  Safety shutdowns will include:

a. Low evaporator pressure

b. High refrigerant condenser pressure

c. Auxiliary safety

d. High discharge temperature

e. Faulty discharge temperature sensor

f. High compressor oil temperature

g. High turbine oil temperature

h. Power failure

i. Loss of chilled water flow

j. Low compressor oil pressure

k. Low turbine oil pressure

l. High compressor oil pressure

m. Evaporator transducer or probe error

n. Manual turbine shutdown

o. Faulty compressor & turbine oil pressure transducers

p. Compressor proximity sensor fault

q. High speed thrust bearing oil drain temperature

r. Faulty compressor proximity probe

s. Open thermocouple probe

t. Compressor overspeed.  

2. Other shutdowns will include: 

a. Low compressor oil temperature

b. Power failure

c. Low chilled water temperature

d. Vanes open

e. Compressor and turbine low differential oil temperatures.

F. System operating information will include

1. Return/leaving chilled liquid temperature

2. Return/leaving refrigerant condenser liquid temperatures

3. Evaporator/condenser refrigerant pressures

4. Differential compressor oil pressure

5. Percent load

6. Evaporator/condenser saturation refrigerant temperatures

7. Compressor discharge temperature

8. Turbine & compressor oil temperature

9. Inlet & outlet turbine steam temperatures

10. Inlet and outlet turbine steam temperatures

11. Operating hours

12. Number of starts counter.

G. RS232 Port Communication

1. The chiller will be provided with an RS-232 port to output all system operating data, shutdown messages, and a record of the last four safety shutdowns to a remote printer (field supplied).

2. The control center will be programmable to provide data logs to the printer at a preset time interval.

H. Building Automation System Interface

1. The control center will be able to interface with a building automation system to provide 

a. Remote chiller start/stop with manual turbine reset

b. Reset of chilled water temperature

c. Remote load limit

d. Status messages indicating chiller is ready to start, chiller is operating, chiller is shutdown on a safety or other shutdowns requiring a manual reset.

2.13 POWER PANEL

A. The power panel enclosure will house the following components: 
1. Single point wiring connection for incoming power supply
2. Compressor oil pump motor starter with overloads
3. Heater relay
4. 115VAC, 60 Hz, control supply transformer, supplied in panel.
2.14 CONTROLS

A. Capacity control:

1. Electronic 

2. Completely automatic:

a. Starting and stopping.

b. Modulating capacity from 10 percent to 100 percent.

c. Compressor started unloaded with electric-pneumatic interlock.

d. Means to prevent excessive cycling of machine to prevent damage to steam turbine drive.

B. Operation:  Pneumatic or electric operation of compressor inlet guide vanes from 100 percent load to 10 percent load.

C. Leaving chilled water temperature controller:

1. Display chilled water returning and leaving temperatures.

2. Range:  +25 deg F to +75 deg F.

3. Control action:

a. Wide band, minimum 150 percent proportional type.

b. Automatic reset action.

c. Integral bypass permitting manual control of final control element.

4. For servicing instrument:  manual control during servicing and testing.

5. Flush-mounted on main refrigeration control board.

D. Safety controls:

1. For following with indicating pilot lights:

a. Low refrigerant pressure or temperature for water chiller.

b. Low water temperature for water cooler.

c. High refrigerant pressure.

d. Low compressor oil pressure.

e. Minimum chilled water flow.

f. Minimum condenser water flow

g. High oil temperature.

2. Operation:

a. Units not to start without proper chilled water and condenser water flow.

b. Units to be shut down.

1) Upon reduction below predetermined water flow across chiller or condenser.

2) Activation of other safety controls furnished with refrigeration machines.

3. Fully automatic system with:

a. Relays.

b. Piping.

c. Paddle-type flow switches in condenser and chilled water lines to respective refrigeration machines.

d. Other necessary appurtenances.

2.15 PUMP-DOWN SYSTEM

A. Furnish on all projects.  One system required per installation.  System shall be suitable for refrigerant used by chiller manufacturer.

B. Complete with:

1. Compressor.

2. Condensing unit.

3. Refrigerant receiver.

4. Controls.

5. Piping.

6. Relief valves.

C. In accordance with:

1. Safety Code for Mechanical Refrigeration, ANSI, B-9.l.

2. Authorities having jurisdiction.

D. Compressor:

1. Reciprocating type, mounted on receiver.

2. Motor.

E. Controls:

1. Manual operation of pump down unit

2. Automatic reset, high and low-pressure cutout switches.

3. Manual-reset oil failure switch.

F. Condenser:

1. Shell-and-tube type mounted on receiver.

a. Condenser water cooling.

b. Solenoid valve:  interlocked with purge compressor motor.

G. Pump-down receiver:

1. Capacity:  minimum 1.20 times total refrigerant charge of both refrigeration units.

2. Construction:  for required working pressure in accordance with ASME Code and so stamped.

3. Gauge glass:  full height of receiver.

4. Valved refrigerant drain.

5. Vent valve.

6. Compound gauge and cock.

7. Combination relief and rupture-disc.

H. Steel saddles for compressor and condenser.

2.16 TOOLS AND CABINET

A. Complete set of tools for servicing and maintenance of unit.

PART 3 EXECUTION

3.1 INSTALLATION (BY OTHERS)

3.2 TESTS AND START-UP

A. Start up:  Provide factory trained technician for:

1. Evacuation

2. Charging.

3. Start-up and commissioning.

4. Ten days minimum per unit, inclusive of instruction period.

5. Upon completion and acceptance of installation, provide services of competent instructor for period of two eight-hour days, to properly acquaint authorized Owner's representative with details as to enable them to obtain maximum efficiency in plant operation.

6. Obtain written acceptance for each instruction day from Owner's representative.

B. Test:  Retain a third party testing agency for performance test of the full load and part load design conditions.  

1. Test results are subject to Engineer’s approval.  

2. Provide remedial measures as required, should the chillers fail the performance test. Repeat the performance test after remedial work.

3.3 OPERATIoN and maintenance manualS

A. Provide six sets of operation and maintenance manuals to owner after completion of chiller startup.

3.4 WARRANTY

A. One year parts and labor warranty ending eighteen (18) months from shipment or twelve (12) months from initial startup, whichever occurs first.

END OF SECTION
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