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SPEC NOTE:   This equipment is specified for large tonnage systems and incorporates provisions for variable chilled water flow,  variable condenser water flow, and variable speed driven chillers.

1. GENERAL

1.1 scope
.1 Provide factory-assembled and tested centrifugal water chillers, complete with compressor, evaporator, condenser, controls, VFDs, interconnecting unit piping, motors and starters, and wiring with single point power supply. Include seismic mounting frame with spring isolators. Provide refrigerant, oil, and accessories. Chiller VFD modulation shall be from 10% to 100% of full load.  

.2 Chillers shall operate using 600 Vac [        ] ±5%, 60 Hz, 3-phase power.

.3 Supply initial charge of refrigerant and oil for start-up, testing, commissioning and putting into service.
.4 Test and rate chillers in accordance with AHRI 550/590.

.1 CSA:
C22.2 No. 14-95 Industrial Control Equipment

C22.2 No. 100-95 Motors and Generators

C22.2 No. 0.16-M92 Measurement of Harmonic Currents

.2 EEMAC:
Standards for Enclosures, Contact Ratings and Design B Motors.

.3 IEEE:
519 M1992 Recommended Practices and Requirements for Harmonic Control in Electric Power Systems Emerald Book for Transients

.4 NEMA:
MG1 Part 31 1993 Rev 1 Motors and Generators
1.2 design criteria

SPEC NOTE:  Edit items .1 and .2 if constant flow systems are used.

.1 Chilled water: Design evaporator fouling factor of 0.0001 hr·ft2·°F/BTU. [The evaporator’s water flow rate shall vary.]
.2 Condenser water: Design condenser fouling factor of 0.00025 hr·ft2·°F/BTU. The actual temperature shall vary. [The condenser’s water flow rate shall vary.]
1.3 Regulatory Requirements/quality control
.1 Comply with the latest edition of all provincial and federal codes, and standards.

.2 Chillers shall be CSA approved and bear label.

.3 Provide CRN registration as required to satisfy all applicable codes.

.4 Unit shall bear the AHRI Certification Label as applicable.

.5 Conform to AHRI Standard 550/590 code for rating and testing.

.6 Conform to UL1995 / CSA 22.2-236 for Safety for Heating and Cooling Equipment.

.7 Conform to ANSI/ASME SECTION VIII Boiler and Pressure Vessel Code for construction and testing of centrifugal chillers as applicable.

.8 Conform to ANSI/ASHRAE STANDARD 15 code for construction and operation of centrifugal chillers.

.9 Conform to installation requirements outlined in CSA B52 - Mechanical Refrigeration Code. 

.10 Comply with requirements of Environment Canada/Environmental Protection Services (EPS)/1/RA/2 - Environmental Code of Practice for Elimination of Fluorocarbon Emissions from Refrigeration and Air Conditioning Systems.

.11 Comply with Alberta Regulation 181 - Ozone Depleting Substances and Halocarbons Regulation.

.12 Variable Frequency Drives (VFDs) shall comply with the applicable standards of Section 26 29 23 - Variable Frequency Drives.
1.4 Warranty

.1 Open Drive Motors: Warrant shaft seal against leakage of refrigerant to the outside of the chiller for a period of 5 years from initial start-up. Warranty to include parts and labour to replace defective seals and refrigerant required to recharge to original specifications. 

.2 Hermetically Sealed Motors: Warrant electrical lead seals against leakage of refrigerant to outside of the chiller for a period of 5 years from initial start-up. Warranty to include parts and labour to replace defective seals, all labour and parts including any refrigerant required to recharge the machine to original specifications.

.3 Warranty for other chiller components shall be for 12 months from Interim Acceptance by the Minister.
1.5 Submittals

.1 Prior to ordering a packaged centrifugal water chiller, submit shop drawings to include information on:
.1 Type of refrigerant.

.2 Dimensions of the unit, recommended clearances, piping connections, and installation instructions. 

.3 Part-load power requirements and refrigeration output at 100%, 90%, 80%, 70%, 60%, 50%, 40%, 30%, and 20% of the rated capacity, AHRI conditions. Operation shall be without the use of hot gas by-pass and without chiller surging. The chiller selection and performance shall be based on waterside Fouling Factor listed in Sub-paragraphs 1.2.1and 1.2.2, above.

SPEC NOTE:  Include Article .4 for variable condenser water flow.

.4 ARI certification that the minimum continuous condenser water flow allowed for a 24 hour period at constant 5.5°F and 6.6°F leaving chilled water temperatures. Operation shall be without the use of hot gas by-pass and without chiller surging. 

.5 Maximum and minimum flows for evaporator and condenser, and corresponding pressure losses.

.6 The minimum condenser water temperature, minimum head pressure, and the minimum differential temperature between inlet condenser water and the outlet chilled water.

.7 The tolerance of variable flow. Confirm that chiller will properly handle variation in flow rate as described in Paragraph 1.7: Variable Flows and Non-Design Operating Condition. Alternately, submit the necessary control sequences of operation that will allow the chiller to operate through such sudden flow disturbances

.8 Electrical requirements and list of electrical equipment and devices, other than wiring, required but not supplied with the chillers. (E.g., circuit breakers and transformers).

.9 The compressor with product data in table form indicating impeller speed (RPM), number of bearings, type of bearings, high speed impeller shaft RPM, number of stages, number of sets of inlet guide vanes, amount of refrigerant charge (kg), and amount of oil required (litres).

.10 Sound data obtained from manufacturer on Centrifugal Chiller Sound Pressure Level (SPL), in decibels (dB), with a reference pressure of 20 µPa with detail shown by octave band. All ratings shall be in accordance with AHRI Standard 575-94. Show dB (A weighted) at 100%, 80%, 60%, 40%, and 20% of load, for octave bands of 63, 125, 250, 500, 1000, 2000, 4000, and 8000 Hz.

.11 Details if the selected or proposed chiller cannot be transported and installed as one single unit, identifying details of actual field assembly (disassembled sections, assembly in the space, individual unit weights and dimension for field assembly).
.12 Warranty provisions outlined in Article 1.4, Warranty.

.2 Upon awarding supply contract for packaged centrifugal chiller:

.1 Submit complete wiring diagrams showing all interconnecting wiring.

.2 Provide drawings indicating assembled dimensions, operating weight and load distribution, and required service and access clearances.

.3 Provide product data indicating options and specialties, electrical requirements including wiring diagrams and connections, total heat rejection (kW/hr) in the plant room from chiller operation at full load.  Indicate all specific accessories, valves, strainers, and thermostatic valves required for complete system. 
.4 Provide all available piping connection options including connections on the marine water boxes. Include location, size and type of field piping wiring on controls/instrumentation.

.5 Provide installation and operations manuals with relevant sections highlighted for the specific chiller. 

.6 Detail the rigging, installation, and start-up procedures.  

.3 Prior to chiller shipment, submit 

.1 Report signed by the manufacturer’s professional engineer of all test data (detailed in Paragraph 1.6: Verification of Chiller Capacity and Efficiency).  

.2 Vibration testing report data (detailed in Paragraph 2.2.8).

.4 Upon delivery, provide [     ] sets of Operation and Maintenance Manuals. The manuals shall contain a complete parts list. Comply with Section 01 78 23 - Operation and Maintenance Data and Manuals.
1.6 Verification of Chiller Capacity and Efficiency
.1 Factory Performance Test

.1 Provide to the Minister a minimum 14 days in advance of the mandatory factory performance test.  

.2 Test the chiller at three different points to be selected and provided by the Minister at least one week before the proposed testing. 

.3 Testing shall be performed using the chiller’s VFD(s).

.4 The performance test shall be run with clean tubes. Adjust design leaving evaporator water temperature downward and entering condenser temperature upward, per Section C6.3 of AHRI 550/590, to simulate design fouling to clean tube condition. The manufacturer shall clean tubes, if necessary, prior to test to obtain a test-fouling factor of 0.0000 hr·ft2·°F/BTU.

.5 The equipment will only be accepted if the test is conducted in conformance with AHRI Standard 550/590 procedures and the proposed tolerances are met. If the equipment fails to perform within proposed tolerances, make necessary revisions to equipment and retest as required. Proper AHRI certification documents acquired from the manufacturer shall be available for the test loop. 
.6 The factory test’s instrumentation shall be per AHRI Standard-550/590. The calibration of all instrumentation shall be traceable to the National Institute of Standards and Technology.

SPEC NOTE:  Edit 1.7 as required if constant chilled water flow and constant condenser water flow to chillers are engaged.

1.7 Variable Flows and Non-Design Operating Conditions
.1 Configure the chillers to accommodate a variable evaporator flow (VEF) system. The chiller will experience variable flow in both the evaporator and condenser. The chiller to withstand a minimum chilled water flow rate-of-change of 10%/minute while maintaining ±2°F of design supply chilled water temperature, and 25%/minute at any load above the compressor’s minimum without cycling "off".

.2 Warrant that the chiller can handle specified variations without nuisance tripping. If not able to, provide appropriate control sequences in the shop drawing submission that will allow the chiller to operate through such sudden flow disturbances.

.3 Demonstrate chiller operational stability with evaporator flows varying up to 10% per minute during factory testing. 

.4 If the operational stability described above cannot be demonstrated, provide a chiller technician from the manufacturer to meet with the Minister’s control system representative and mechanical contractor during the on-site testing to ensure the flow variations are met. If the flow variations cannot be met, the chiller manufacturer to modify the chiller/chiller system to ensure that the flow variations are met.  

.5 The chillers’ controllers shall be capable of providing optimized chiller control and operation. Provide the necessary compressor capacity control based on system parameters, variable chilled water flow, chilled water temperature reset, reduced tower water temperature, reduced condenser water flow, capacity/demand etc.  

.6 The manufacturer or its approved representative is required to participate in the integrated design process and coordinate with the Minister, contractor, controls sub-contractor and other trades to ensure proper application and integration of the chillers in a Variable Primary Flow or an all-VFD plant configuration. The manufacturer’s designate must have recent experience with similar projects where chillers have been applied in a variable primary flow or an all-VFD configuration. The manufacturer and its representative, through contractual obligations with the contractor,  shall share and release all relative information necessary for successful implementation of a Variable Primary Flow/ all-VFD chiller plant for this project. The representative to utilize the resources available from the manufacturer’s head office or central applications group as necessary. 

2. PRODUCTS
2.1 acceptable manufacturers
SPEC NOTE:  A minimum of three acceptable manufacturers must be listed.
.1 Acceptable manufacturers:. 
.1 [        ] 
.2 [        ] 
.3 [        ]
SPEC NOTE:  Edit Article 2.1.1 as required for project specification design.
.2 The units shall produce the specified tonnage per the scheduled data in accordance with AHRI 550/590. The unit shall bear the AHRI certification label, if applicable.

.3 Unit shall be factory painted in accordance with relevant standards.

2.2 Compressor and Motor
.1 Provide either ODP open-type motors, or hermetic-type motor using suction or liquid refrigerant with winding RTDs for temperature sensing on each phase. Temperatures shall be furnished to the unit’s control panel for monitoring and alarm. Motor windings shall have thermistors to protect from over-temperature. 
.2 Motors shall be controlled by VFDs.
.3 Provide automatic restart on momentary power loss, consisting of three-phase current sensing devices that monitor the status of the current

.4 Compressors shall be of centrifugal configuration. 

.5 Unit-mounted 600 Volts [       ] VFD with integral circuit breaker in a NEMA enclosure. 

.6 Chillers to unload to 20% of design refrigeration output with 5.5°C evaporator leaving water temperature. Demonstrate minimum unloading point at the time of the factory performance test. 

.7 Implellers shall be statically and dynamically balanced. 

.8 Compressor assemblies shall be vibration-tested at the factory and shall not exceed 4 mm/s.  The test data shall be recorded and provided to the Minister as information.

.9 The chiller shall be designed with suction and discharge refrigerant isolation valves.

.10 The chiller shall be suitable for variable evaporator and condenser water flows. 

.11 Operation shall be without the use of hot gas by-pass and without chiller surging.

.12 Provide motor/compressor leakage containment.

2.3 Evaporator and Condenser 
.1 Construct the evaporator and condenser in accordance with ANSI/ASHRAE Standard 15 (Safety Standard for Refrigeration Systems) and CSA B52 (Mechanical Refrigeration Code).

.2 Pressure test the chiller evaporator and condenser in strict accordance with all applicable codes including ASME in the factory, and deliver to site bearing the ASME stamp.

.3 Provide flanged water piping connections. 

.4 Provide vent and drain connections taps for necessary control devices, thermometers, differential pressure gauges and differential pressure sensors-transmitters. Provide refrigerant charging connection as applicable. 

.5 Provide minimum 19 mm ULC closed cell polymer insulation covering all low temperature surfaces; to include as a minimum the evaporator, water boxes, and suction line.
.6 Provide factory-mounted water pressure differential switch to prevent unit operation at no flow. 

2.4 Controls
.1 The chiller to be controlled by a stand-alone direct Digital Control (DDC) system. A dedicated chiller microprocessor control panel is to be supplied with each chiller by the chiller manufacturer. 

.2 BMS Interface: Provide BACnet interface with the following objects:
.1 Chiller enable (write).

.2 Leaving chilled water temperature setpoint (read/write/override).

.3 Entering and leaving chilled water temperatures (read).

.4 Entering and leaving condenser water temperatures (read).

.5 Percent RLA output for each compressor (read).

.6 Current limit setpoint (read/write/override).

.7 Local manual override (read), i.e., Acute/Manual.

.8 Fault condition (read).

.3 The chiller control panel shall include all necessary controls for the safe and reliable operation of the chiller.
.4 Chiller control panel to provide the following safeties: 

.1 running and stopped time between compressor/motor starts

.2 low chilled water temperature

.3 low evaporator refrigerant temperature and pressure

.4 high condenser refrigerant pressure
.5 water flow status for evaporator and condenser
.6 low oil pressure, low oil temperature, high oil temperature

.7 high motor winding temperatures

.8 sensor faults

.9 unit controls operation

.5 The chiller control panel or starter shall incorporate advanced motor protection to safeguard the motor throughout the starting and running cycles from the adverse effects of:

.1 Current phase loss, unbalance, or reversal.

.2 Motor current overload.

.3 Under- and over-voltage.
.4 Momentary power loss.
.6 The chiller control panel shall be user-settable for displaying system data in both Imperial (IP) and metric (SI) units.

.7 The front of the chiller control panel to display the following information:

.1 Chiller’s operating mode

.2 Chilled water set-point and set-point source

.3 Electrical current limit set-point and set-point source

.4 Entering and leaving evaporator water temperatures

.5 Entering and leaving condenser water temperatures

.6 Saturated evaporator and condenser refrigerant temperatures

.7 Evaporator and condenser refrigerant pressure

.8 Oil temperature and oil tank pressure

.9 Oil pump discharge pressure

.10 Compressor motor starts and running hours

.11 By phase: compressor motor current, voltage, and winding temperature
.12 Compressor motor percent RLA, kW, power factor

.8 The chiller control panel is to be programmable to provide evaporator freeze protection and low limit control to avoid low evaporator refrigerant temperature trip-outs during critical periods of chiller operation.  Whenever this control is in effect, the panel will automatically indicate that the chiller is in adaptive mode and if the condition exists for more than 30 seconds, a limit warning alarm relay shall energize.

.9 The chiller control panel is to provide an analog (4 to 20 mA) output for head pressure control. This signal to control a 2-way or 3-way water-regulating valve in the condenser piping.

.10 The chiller control panel is to provide an analog output signals that will indicate:

.1 The condenser refrigerant pressure.

.2 Condenser/evaporator differential refrigerant pressure.

.11 Provide condenser limit control to the chiller control panel with a pressure transducer and interconnecting piping and wiring to avoid high condenser refrigerant pressure trip outs. The control shall take action in response to the condenser refrigerant pressure. Whenever this control is in effect, the panel will automatically indicate that the chiller is in adaptive mode and if the condition exists for more than 30 seconds, a limit warning alarm is to energize.

.12 The chiller’s controller to allow the chiller to start and briefly run with low-temperature condenser water. As an example, when the condenser water is cold after having been used for direct free-cooling.
2.5 VFDs, Starters, and Switchgear
.1 Comply with VFD standards outlined in Section 26 29 23.

.2 Provide variable speed drive(s) for compressor speed control to vary the compressor motor’s speed by controlling the frequency and voltage of the electrical power to the motor. The adaptive capacity control logic shall automatically adjust motor speed and compressor pre-rotation vane position independently for maximum part-load efficiency by analyzing information fed to it by sensors located throughout the chiller.

.3 The VFDs to be PWM (Pulse Width Modulated) type, utilizing IGBTs (Insulated Gate Bipolar Transistors) with a power factor of 0.95 or better at all loads and speeds. Input current and voltage are to be regulated. Employ built-in harmonic filters. The VFDs to be suitable for continuous operation at nameplate voltage ±10%, CSA approved and comply with applicable ANSI, NEMA, UL and NEC standards.
.4 Provide integrated chiller controls to coordinate motor speed and inlet guide vane position to optimize over all chiller performance.

.5 Provide pre-painted NEMA 1 cabinet with hinged, lockable doors, removable lifting lugs, provision to padlock main disconnect handle in “Off” position, mechanical interlock to prevent opening cabinet door with disconnect in the “On” position or moving disconnect to the “ON” position while the door is open and provision of either top or bottom entry of main cables.

.6 VFD Voltage Total Harmonic Distortion (THD) and Harmonic Current Total Demand   Distortion (TDD) not to exceed IEEE-519 requirements using the VFD circuit breaker input terminals as the point of common coupling (PCC). 

.7 The variable speed drive will be unit mounted in a NEMA 1 enclosure with all power and control wiring between the drive and chiller factory installed, including power to the chiller oil pump and all other devices. Field power wiring is to be a single point connection with electrical lugs for incoming power wiring.
.8 The entire chiller package will be UL listed and have a single power supply with input circuit.
.9 Provide branch circuit breakers for all ancillaries, i.e. oil pump etc. 

.10 VFD shall be factory wired and tested with its chiller prior to shipment.

.11 Provide digital readout at the chiller unit control panel for output frequency, output voltage, simultaneous three-phase true RMS output current, input power (kW) and energy used (kWh), operating elapsed time, and self-diagnostic service parameters. 

.12 Instrumentation accuracy:

.1 Voltage: ±1% of actual 

.2 Current: ±2% of actual

.3 Power: ±3% of actual

.13 Provide kW meter to measure and display the power digitally via the unit's control panel. The kW meter accuracy is typically +/- 3% of reading. 

.14 Provide kWh meter to measure the unit's cumulative input power consumption and displayed digitally via the unit's control panel. The kWh meter to be re-setable with typical accuracy ±3% of reading. 

.15 Display a digital readout of the unit's elapsed running time (0 - 876,600 hours, re-setable) on the unit control panel.
.16 The following motor protection features shall be integrated with the chiller control panel:

.1 Current phase loss

.2 Current phase unbalance 

.3 Current phase reversal 

.4 Over/Under line voltage

.5 Motor current overload during start up and running

.6 Momentary power loss protection with auto restart consisting of three-phase current sensing devices that monitor the status of the current

2.6 Pump Out System
.1 Units operating with refrigerant having positive pressure at 23°C are to have the capability of storing the entire refrigerant charge in the condenser. Include all valves and accessories necessary for this function. Unit not capable of storage in the condenser are to be provided with a pump-out system for each machine.

.2 Pump-out systems to be complete with transfer pump, condensing unit, and tank constructed in accordance with ASME Code for Unfired Pressure Vessels bearing the necessary regulatory stamp.

.3 Pump-out systems to be supplied and warranted by the chiller manufacturer.

SPEC NOTE:  Include Item 2.7 for negative pressure chillers only.

2.7 purge unit

.1 Purge unit to comply with AHRI Standard 580, certified and tested refrigerant to air emission ration at or below 0.1 kg of refrigerant per 1.0 kg air purged.

.2 Provide high efficiency carbon filter with an automatic regeneration cycle to reclaim and further reduce emissions.

.3 Comply with UL listing.

.4 Provide microprocessor driven data logging, diagnostics and on/off duty cycling.

.5 Purge unit to be capable of operating independently from the chiller.
2.8 Head Pressure Control
.1 Operation may require the chiller to be started with condenser water entering at low temperatures. Typically this will occur after cooling tower is used to directly cool the chilled water using an auxiliary heat exchanger. If the chiller cannot be started up or operated for long period of time with such low entering water temperature, manufacturers shall provide head pressure controller to modulate two-way butterfly valve to regulate condenser water flow, to ensure proper chiller operation 

.2 Provide head pressure controls including controllers, sensors, transmitters, internal wiring, and control logic complete with field wiring based on wiring diagram provided by the chiller manufacturer. 
.3 Provide site installed butterfly valve of type approved by chiller manufacturer
2.9 Refrigerant Venting / Rupture System / emergency discharge
.1 Provide refrigerant venting system including pressure relief valves, double seated relief valves, piping between various devices installed on the chiller, drain plugs, flexible connections, etc., complete with relief piping to outdoors meeting CSA B52, ASHRAE 15, and other applicable codes and regulations. Rupture disc to be non-fragmented type. 

.2 Provide pressure gauge assembly. 

.3 Provide emergency discharge, valve and switch with emergency piping to outdoors in accordance with CSA B52 as required in ABSA Directive IB03-007 Rev 1.

3. EXECUTION
3.1 Quality Assurance and Handling
.1 Comply with manufacturer's installation instructions for rigging, chiller loading, local transportation requirements, and unloading storage, rigging, and final setting.

.2 Protect chiller and controls from physical damage. Leave factory-shipping covers in place until installation.

.3 Prior to shipping the chiller, test automated controls for proper wiring and correct controls operation. Submit factory test report.
.4 Factory pressure testing of the chiller evaporator and condenser shall be in strict accordance with all applicable codes including ASME and shall bear the ASME stamp.

3.2 Manufacturer’s Field Services
.1 Provide a manufacturer’s factory-trained service engineer without additional charge to perform chiller start-up and on-site commissioning, including controls and variable flow verification. Provide leak testing, evacuation, dehydration, and charging of the chillers. 

.2 Provide Manufacturer’s Representative to instruct the Minister on operation and maintenance. Refer to - 01 79 00, Equipment and Systems Demonstration and Instruction.
.3 The manufacturer or its approved representative will participate in the integrated design process and coordinate with the Consultant, the Minister, the Contractor, controls sub-contractor and other trades to ensure proper application and integration of the chiller in a Variable Primary Flow or an all-VFD plant configuration. The proposed person should have been involved in similar projects. The manufacturer and its representative shall share and release all such information as necessary for successful implementation of a Variable Primary Flow/ all-VFD chiller plant. Allow for minimum 40 hours regarding this task. 

.4 Furnish a manufacturer’s start-up log to document the chiller's start-up date prior to commissioning the chillers. Upon completion of installation provide training for a period of two eight-hour days, to properly acquaint the Minister with proper operations so as to maximize chiller plant efficiency. Participate in the integrated commissioning process as required.
.5 Ensure adequate clearance for security and maintenance.

.6 Manufacturer is to be on site to supervise and approve the chiller re-assembly if required should the proposed chiller not be transported to the actual mechanical room location as one complete unit. 

3.3 PERFORMANCE

.1 Refer to performance schedule on mechanical drawings.

3.4 INSTALLATION

.1 Install in accordance with manufacturer’s written recommendations.

.2 Ensure adequate clearances for servicing and maintenance.

.3 Install chiller on vibration isolation.

.4 Adjust chiller in alignment on concrete foundations, sole plates, sub‑bases and isolation. Level, grout and bolt in place.

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

.6 Furnish and install necessary auxiliary water piping for oil cooling units and purge condensers.

.7 Pipe pressure relief valve to outdoors in accordance with CSA B52.

.8 Pipe emergency discharge to outdoors in accordance with CSA B52.

.9 Provide and place initial charge of refrigerant and oil.

3.5 STARTING AND TESTING

.1 Start and test chillers as specified in Section 23 08 13 and 23 08 23.

SPEC NOTE:  Review and coordinate requirements listed on the following two Sections: 01 78 23 - Operating and Maintenance Data and Manuals, and Section 20 01 06 – Mechanical Operation and Maintenance Manual.

.2 Submit documentation as outlined in Section 20 01 06 - Mechanical Operation and Maintenance Manual.

END OF SECTION

