2.13
Chilled Water And Cooling Water System
2.13.1
Scope

The work in this section covers a fully operational and functional chilled water and cooling water system.  Furnish all labor, supervision, equipment, materials, services and transportation necessary to construct the above system as indicated on the drawings and/or specified herein.

2.13.1.1
The work to be performed shall include but is not limited to the following:


A.
Procurement and delivery of all materials and equipment to the worksite.


B.
Installation of equipment such as water chiller, chilled water pumps, cooling water pumps, and expansion tank.  Per the drawings and/or specs.


C.
Installation of chilled water supply and return piping, cooling water supply and return piping and all accessories per drawing and/or specs.


D.
Installation of controls, control valves, pipe support and instrumentation.


E.
Functional and operational testing of systems and equipment, components, instrumentation and safety devices.

2.13.2
Automatic Air Vents, Drains

Automatic air vents shall be installed at the highest point in all chilled water supply branch lines and at each chilled water coil.  Automatic vents shall be equal to Bell & Gossett No. 7 and shall be piped with a shut-off gage-cock on the process side.  Copper tubing shall be run from the air vent to the nearest over flow drain pan or floor drain.  Manual drains shall 


be installed at low points of chilled condenser water lines.

2.13.3
Chillers (with Centrifugal Type Compressors)

2.13.3.1
General
2.13.3.1.1 
This specification is to provide for the purchase of one electric driven centrifugal water chiller.  New chilled water pumping system shall be provided per drawings.  The chiller will be fitted into existing condenser water.  The configuration, size and capacity of the chiller shall be as shown on the drawings and in accordance with the mechanical schedule sheets.

2.13.3.1.2
The chiller is being prepurchased and will subsequently be supplied to an installing agency, for assembly, piping and testing.  In order to facilitate design of the chiller installation and to minimize installation costs the equipment manufacturer shall carefully delineate on the submittal drawings all the necessary assembly, piping, wiring, etc., to install the machine correctly.

2.13.3.1.3
The machine shall be a complete water-chilling package with all the components, safeties, auxiliaries, and accessories specified herein, as well as all customary auxiliaries deemed necessary by the equipment manufacturer for safe, controlled, automatic, unattended operation of the equipment.  The machine shall be a complete factory assembled water chilling package with compressor, motors, built-on motor starters, condenser, cooler, speed increaser (as required), lubrication system, lubrication heater and cooler, operating and safety controls, control panel, flow sensors in both condenser and chilled water lines for installation by installing agency, purge system (as required) and all refrigerant piping, instrument and control piping and wiring fully assembled.  Materials and equipment shall be as specified herein and shall be the products of manufacturers regularly engaged in the manufacturer of such products.  The chillers and other items of equipment such as starters shall be commercially produced items which shall be supported by a service organization that can provide full and competent service within a maximum of twenty-four (24) hours after notification.

2.13.3.1.4
All equipment and piping shall conform to ANSI B9.1 and B31.5.  Where materials or equipment are specified to conform to the requirements of the Underwriters' Laboratories, Inc., Air Conditioning and Refrigeration Institute, the American Society of Heating, Refrigerating and Air Conditioning Engineers, or American Gear manufacturers' Association, the Equipment Manufacturer shall submit proof of such conformance.  A label or listing of the specified agency will be acceptable evidence.  In lieu of the label or listing, the Equipment Manufacturer may submit a written certificate from any approved, nationally-recognized testing organization, adequately equipped and competent to perform such services, stating that the items have been tested and that the units conform to the requirements, including methods of testing of the specified agency.  Where equipment is specified to conform to requirements of the ASME Boiler and Pressure Vessel code, the design fabrication and installation shall conform to the Code in every respect.

2.13.3.1.5
Each major component of equipment shall have the Equipment Manufacturer's name, address, and catalog number on a plate securely attached to the item of equipment.

2.13.3.1.6
All metal surfaces subject to rust or corrosion during operation or in shipment shall be protected by the Equipment Manufacturer's standard coating system.  Where a rust-inhibiting coating or hot-dip galvanizing is specified hereinafter, any protective treatment system currently in use by the Equipment Manufacturer of the equipment is acceptable.

2.13.3.1.7
Belts, pulleys, chains, gears, couplings, projecting setscrews, keys and other rotating parts which are so located that any person can come in close proximity, shall be fully enclosed or properly guarded.  High temperature equipment and piping so located as to endanger personnel shall be properly guarded or covered with insulation by the Equipment Manufacturer.

2.13.3.1.8
The Equipment Manufacturer shall submit preliminary drawings and motor data sheets within two (2) weeks after award of contract and final drawings and motor data sheets within one (1) month.  Drawings, diagrams, schematics, and other descriptive data shall be submitted on all components, accessories and auxiliaries specified herein, as well as all components provided by the Equipment Manufacturer for the proper operation of the chiller.  Drawings shall clearly indicate those items of piping, wiring and assembly which the Installation Agency must provide or perform.  Drawings shall include, but not be limited to the following components of each machine:


A.
Accessory, Control and Safety Piping Diagram (showing piping to be provided by Installing Agency).


B.
Assembly drawings for use by Installing Agency.


C.
Compressor.


D.
Condenser, evaporator combination with vibration isolators.


E.
Control Center.


F.
Control diagram (showing internal piping and wiring of the control center).


G.
Flow sensors.


H.
Insulation locations, areas, types.


I.
Motors (Include. Data Sheets)


J.
Operating and maintenance instruction manuals.


K.
Pump-out unit and its starter (if applicable).


L.
Oil pumps with motors.


M.
Purge unit with motor (if applicable).


N.
Speed increaser and couplings (if applicable).


O.
Starters


P.
Compressor starter to include all specified accessories, overload relay, fusible disconnect switches and transformers.  Starters interrupting capacity shall be 42,000 amperes.


Q.
Vibration isolators.

2.13.3.1.9
The services of a factory-trained erection/startup engineer shall be provided at Michoud Assembly Facility, at no additional cost to Martin Marietta, to perform the following:


A.
Assemble components not assembled at the Equipment Manufacturer's factory and specified below.


B.
Provide final alignment of the drive system and motor compressor.


C.
Evacuation and dehydration to 35°F W. B. or an absolute pressure of 0.204" Hg. (if not factory charged or vacuum broken in shipment).


D.
Pressure testing for leaks.


E.
Charging machine with refrigerant and oil (if not factory charged or vacuum broken in shipment).


F.
Initial startup of chiller.


G.
That the chiller operates properly and adequately during the first twenty four (24) hours of run time.

2.13.3.1.10
The services of a factory trained representative will be required for three (3) separate sessions to instruct Martin Marietta's personnel in the proper operation and maintenance of the chiller and all auxiliary and accessory equipment.  This instruction is to be at Building    , Michoud Assembly Facility, New Orleans, Louisiana for each of the three (3) 8-hour shifts of operating personnel during their normal shift time.  Each instruction shall not exceed 8 hours.

2.13.3.1.11
Six (6) complete sets of instructions containing the operating and maintenance instructions for each piece of equipment shall be furnished to Martin Marietta.  Each set shall be permanently bound and shall have a hard cover.  The following identification shall be inscribed on the covers:  the words "WATER CHILLER", "OPERATING AND MAINTENANCE INSTRUCTIONS", "MARTIN MARIETTA MICHOUD ASSEMBLY FACILITY", "                ", the name of the Equipment Manufacturer, and the contract number.  Flysheet shall be placed before the instructions covering each subject.  The instruction sheets shall be approximately 8 1/2 X 11 inches with large sheets of drawings folded in.  The instructions shall include, but shall not necessarily be limited to the following:


A.
System layout showing piping, valves and controls.


B.
Approved wiring and control diagrams, with data to explain the detailed operation and control of each component.


C.
A control sequence describing startup, operating and shutdown.


D.
Operating and maintenance instructions for each piece of equipment, including lubricant instructions.


E.
Equipment Manufacturer's bulletins, cuts and descriptive data.


F.
Parts lists and recommended spare parts.

2.13.3.1.12
Pressure vessels (cooler, condenser, intercooler and pumpout receiver) shall be designed, constructed, tests and stamped in accordance with the requirements of the ASME Code for Unfired Pressure Vessels, Section VIII.  Refrigerant side Design Working Pressure (DWP) shall be as determined by Equipment Manufacturer for the refrigerant and service.  Cooler and condenser water side DWP shall be as detailed in the performance specifications furnished by the Equipment Manufacturer.

2.13.3.1.13
The following equipment to be furnished under this specification shall be guaranteed against defective materials, design and workmanship for a period of one (1) year from the date of beneficial occupancy:


A.
Compressor


B.
Condenser


C.
Couplings


D.
Control System


E.
Evaporator


F.
Flow Sensors


G.
Lubrication System


H.
Purge System (If Applicable)


I.
Speed Increaser (If Applicable)


J.
Starters


K.
Switches, Safety and Control


L.
Transformers


M.
Vibration Isolators


N.
Pump-Out Unit (If Applicable)


Upon receipt of notice from Martin Marietta of failure of any part of the guaranteed equipment during the guarantee period, new replacement parts or parts shall be furnished and installed promptly by the Equipment Manufacturer at no additional cost to Martin Marietta.  This guarantee shall include refrigerant for the first year.

2.13.3.2
Performance Criteria
2.13.3.2.1
Chiller shall be designed and shall function to meet the following performance criteria:


Capacity


Chilled Water Flow


Leaving Chilled Water Supply


Temperature


Entering Chilled Water Return


Temperature


Condensing Water Flow


Entering Condensing Water


Supply Temperature


Leaving Condensing Water


Return Temperature


Fouling Factory (All Heat Exchangers)


Working Pressures


Tube Velocities (All Heat Exchanges)


Maximum Pressure Drop


Condenser


Maximum Pressure Drop


Cooler


Service Voltage to


Compressor Motor


Physical Envelope



Maximum Component Height (Assembled)



Maximum Plan Area Available for Equipment 


Maximum Power Consumption Per


Ton of Refrigeration at Design


Conditions

2.13.3.2.2
The chiller shall be designed to minimize the annual owning and operating costs.  Owning costs will consist of factoring the initial machine costs by a capital recovery factor based on an estimated machine life of twenty (20) years and an annual interest rate of six percent (6%).  Operating costs will consist of factoring the design energy input (Equipment Manufacturer's proposal) at the below load points by the operating time given below.  This will give an average yearly machine energy consumption.  To this will be added to pumping energy consumed for both the cooler and condenser.  The pump efficiencies will be as given below.  This total will be factored by the electrical energy cost.  The operating cost based on an energy cost and an energy escalation factor and owning costs will be summed and their minimum will determine the machine selected.


Machine Costs
Cost as Proposed with all Accessories specified herein (No Spare Parts)


Yearly Owning Cost
(Machine Cost) X (Capital Recovery Factor).


Yearly Operating Cost
Compressor Energy Cost + Chilled Water Energy Cost + Cooling Water Energy Cost.


Sum of Compressor Energy
(Operating Time @ Each Load Point) X (KW Input @ Each Load Point).


Escalated Energy Cost
Energy Cost X Energy Cost Escalation Factor.


Compressor Energy Cost
Sum of Compressor Energy at Each Load Point X Escalated Energy Cost.


Chilled Water Energy Cost


(Total Operating Time) X (Escalated Energy Cost)


X (Evaporator Head) X (Chilled Water Flow) X 8.33 X .746 


33,000 X Pump Efficiency X Motor Efficiency


Condenser Water Energy Cost


(Total Operating Time) X (Escalated Energy Cost)


X (Condenser Head) X (Condenser Water Flow) X 8.33 X .746


33,000 X Pump Efficiency X Motor Efficiency


Machine Selected
Minimum of (Yearly Owning Cost + (Yearly Operating Cost)


Annual Interest Rate (Used to Determine 


Capitol Recovery Factor)
6%


Capital Recovery Factor
0.087


Energy Cost
$0.05/KWH


Energy Cost Escalation Rate (Used to Determine 


Energy Cost Escalation Factor) 
10% Year


Energy Cost Escalation Factor
2.63


Pump Efficiencies - 


Condenser
0.75


Evaporator
0.83


Pump Motor Efficiencies


Evaporator
0.92


Condenser
0.91


The part load points as given below shall be based on the specified entering condenser water temperature reduced in accordance with ARI Standards.


Load Point (%)
Operating Time

20
200 Hrs.


40
685 Hrs.


60
2422 Hrs.


80
2053 Hrs.


100
321 Hrs.



5681 Hrs.


The Equipment Manufacturer shall supply data indicated below for each given load point for bid evaluation:


Load Point
KX Input To Compressor
KW Input to Auxiliaries


(%)

Drive Motor
    

(Used In Normal Operation)

20%

__________________
____________________


40%

__________________
____________________


60%

__________________
____________________


80%

__________________
____________________


100%

__________________
____________________


Condenser Pressure Drop
____________________


Evaporator Pressure Drop
____________________
2.13.3.2.3
Compressor shaft and impeller shall be factory overspeed tested to at least 110% of design operating speed.

2.13.3.2.4
Condenser and evaporator refrigerant side of shell shall be tested and made tight at 1 1/2 times the refrigerant saturation pressure at the condenser supply water temperature.

2.13.3.2.5
As a chiller is purchased on a performance basis, Martin Marietta reserves the right to test the chiller at the 80% load point during the first year of beneficial use of the chiller and determine the power consumed.  If it exceeds the Equipment Manufacturer's proposal, the Equipment Manufacturer shall change the chiller to provide the proposed performance, all at no cost to Martin Marietta.

2.13.3.2.6
All components shall be delivered to Michoud Assembly Facility, New Orleans, La., within twenty (20) weeks of award of contract.  Equipment shall be quoted F.O.B. Factory, quote shall not include any applicable taxes, fees, rigging, storage or permits.

2.13.3.2.7
The Vendor shall quote in accordance with the attached request for quotation and/or specifications.  He may offer an alternate to the basic specifications.  However, any alternate or exception to the specification shall be listed by the Vendor under separate paragraph entitled "ALTERNATE AND/OR EXCEPTION".  Omission of such a paragraph or listing within shall indicate that the Vendor proposed to furnish equipment in full accordance with our request for quotation and/or specifications.

2.13.3.3
Major Mechanical And Electrical Components
2.13.3.3.1
Refrigerant - Each machine shall be a complete water chilling plant using one of the halogenated hydrocarbon gases as the refrigerant.  It is to conform to ARI Std. 550-77 for Centrifugal Water Chilling Packages.  Components shall meet the criteria below.

2.13.3.3.2
Compressor - Compressor shall be of the high performance open or hermetic, single or multistage centrifugal type, and designed for stable operation throughout the range of the capacity control system.

2.13.3.3.2.1
Shaft and Impeller - Compressor Shaft and Impeller shall be statically and dynamically balanced, and designed with sufficient rigidity to prevent vibration at any required operating speed, and shall have no critical speed within the operating range.  The shaft shall be manufactured of heat treated alloy or steel.  The impeller shall be made of cast aluminum alloy or steel.  The material shall be such that it will resist erosion, corrosion, and pitting and preserve initial balance and performance characteristics.

2.13.3.3.2.2
Compressor Casing - Compressor Casing shall be rigid construction of cast iron or steel plates, so designed to permit easy access to all compressor internals.  Casing shall have necessary discharge, suction and interstage flash gas connections.  Casing joints shall be sealed by suitable gaskets and clamped or bolted together.  Casing design shall be such that wearing parts shall be readily serviced.

2.13.3.3.2.3
Compressor Bearings - All bearings shall be pressure lubricated type.


Compressor journal bearings shall be of the steel-backed babbitted, split-sleeve type, rolling element, or of the precision bored aluminum alloy type.


Compressor thrust bearings shall axially position the rotor, and absorb any unbalanced thrust in either direction which may be encountered in the full range of machine operation.  The design of the thrust bearing shall be as the Equipment Manufacturer requires and complete with all safeties for safe controlled operation of the compressor.

2.13.3.3.2.4
Compressor Seals - Compressor seals shall be designed to minimize loss of refrigerant or oil external to the system, and also to maximize separation of refrigerant and lubricating oil in the compressor.  The seals shall be fully automatic during operation and shutdown.  Compressor seals shall be replaceable without disturbing compressor, casing and piping.

2.13.3.3.2.5
Compressor Lubrication System - Lubrication system shall be of the self-contained forced-feed type and shall provide oil at the proper temperature and pressure to all parts requiring lubrication.  Provisions shall be made to insure complete lubrication of bearings and shaft seals prior to starting, during all running conditions, and during coast down by means of a main oil pump and/or an auxiliary pump if required.  Further, provisions shall be made to protect bearings and seals during coast down following an electrical outage either by an oil pump driven by the compressor shaft or other proven means of protection.  The lubrication system shall be fully piped and installed on the machine as shipped.  On units providing for forced feed lubrication prior to starting, a differential oil pressure cutout interlocked with the compressor starting equipment shall allow the compressor to operate only when the required oil pressure is provided to the bearings.


An oil cooler when required to protect the lubrication system shall be provided, oil shall be cooled either by refrigerant or water.  Oil coolant systems using refrigerant shall be completely piped by the Equipment Manufacturer.  Installing Agency shall connect the water cooler.


The oil reservoir shall include thermostatically-- controlled heaters to prevent excessive accumulation of refrigerant in the oil during long idle periods.


An oil filtration system shall be provided, equipped with an external oil filter with replaceable elements and service valves.  Filters shall be of 20 microns type.


Thermometers and pressure gauges shall be provided to monitor the compressor lubrication systems.

2.13.3.3.2.6
Compressor Capacity Control - Compressor shall be provided with temperature actuated capacity reduction of the variable inlet guide vane type to provide automatic capacity modulation from 100% full load capacity to 10% full load capacity without surge or unstable operation.  Automatic capacity modulation shall provide reduction in power consumption from 100% to about 40%.  The unit shall be capable of stable operation to 10% full load capacity with entering chilled water of 55°F and maintaining leaving chilled water set point temperature plus or minus 0.5°F.

2.13.3.3.2.7
Speed Increaser - The compressor, when required, shall be driven through helical gears.  Compressor, speed increaser, and drive motor shall be prealigned by the Equipment Manufacturer prior to shipment.

2.13.3.3.3
Evaporator and Condenser Heat Exchangers - Heat exchangers shall be of horizontal sheet and tube type construction.  Shells shall be of welded steel.


Water boxes shall be of the compact type per Equipment Manufacturer's standard design.  Each waterbox shall be equipped with vent and drain connections and raised face 150 lb. ANSI B16.5 flanges welded to the water box and ready for flanged connection.


Tubes shall be copper and shall be individually replaceable and rolled or brazed into copper or steel tube support sheets.


Refrigerant flow control devices shall be factory installed and piped.


Water boxes, tubes, tube sheets, tube support plates, and shells shall be constructed and tested in accordance with SECTION VIII of the ASME Boiler and Pressure Vessel Code where applicable for working pressures produced by the refrigerant used, but not less than 150 PSIG waterside working pressure.

2.13.3.3.4
Condenser - Condenser shall have suitable baffles to prevent direct impingement of refrigerant discharge gas upon the tubes, and to distribute the gas flow uniformly over the length of the vessel.


Condenser shall have a properly-located purge connection the for efficient removal of non condensable gas and water vapor.

2.13.3.3.5
Evaporator - Evaporator shall have a means of distributing liquid refrigerant uniformly throughout the full length of the vessel.


Corrosion resistant metal eliminators and/or steel suction gas baffles shall be provided in the evaporator to prevent entrained liquid from entering the compressor.


Evaporator shall be equipped with suitable refrigerant charging connection, sight ports for viewing the compressor inlet and a reflex type sight glass for indicating the liquid refrigerant level.


Manufacturers standard relief valves shall be acceptable.

2.13.3.3.6.
Economizers - If required by the equipment manufacturer, economizers shall be provided to improve overall refrigerant cycle efficiency.  The flash gas shall be piped from the economizer to the inlet of an intermediate stage impeller wheel.  Flow control valves to regulate the flow of liquid refrigerant through the economizer automatically shall be provided and shall be fully accessible without breaking piping connections.  If external type economizer is used, such economizer shall be constructed and tested in accordance with SECTION VIII of ASME Boiler and Pressure Vessel Code for the working pressure produced by the refrigerant used unless exempt by Section U-1 of this Code.

2.13.3.3.7
Compressor Motor - Compressor motor shall be of the hermetic refrigerant cooled or open drip proof guarded type, designed for Star Delta closed transition or reduced voltage solid state starting, for use on 3 phase, 60 Hz, 460 volt service.


Rating:  Motor shall not overload at full load operating point.


The motor shall be built in accordance with current NEMA, IEEE and ANSI Standards, where applicable.


Hermetic motor shall be 2 pole, continuous duty, induction type.  Open motor shall be 2 pole, continuous duty squirrel cage induction type and shall have an open drip proof enclosure, severe-duty, high efficiency with efficiency and power factor characteristics better than - 0.5% of the values listed in the Appendix Table.


The motor shall be furnished with a heavy gauge corrosion-proof steel terminal compartment, adequately sized for the incoming cable termination.


Compressor motors shall be E-M, Ideal, G.E., Siemens-Allis (Louis Allis), Westinghouse, or approved equal.


For open motors, provide space heaters within the motor to maintain the enclosure temperature at least 5°C.  Space heaters shall be controlled automatically by this control panel.


Maximum noise generated from machine shall be no greater than 85 db.

2.13.3.3.8
Auxiliary Motors - Each motor shall be capable of driving its machine at full rated capacity without overload or taking advantage of the service factor.


Auxiliary motors to be of the high efficiency induction type.


Motors shall be built in accordance with current NEMA, IEEE and ANSI Standards.


All auxiliary motors shall be mounted and wired by the Equipment Manufacturer.

2.13.3.3.9
Chiller Starter - The Equipment Manufacturer shall provide the chiller starter with the following features as part of the chiller package:


A.
Installing agency shall provide the disconnect switch.


B.
The starter shall be machine mounted.


C.
The starter shall be either solid state or electro-mechanical type, and shall be ambient air cooled, 42000 A ICA.


D.
The Equipment Manufacturer shall furnish and install all wiring between the starter and the compressor motor.


E.
All power for auxiliaries including heaters shall be from the starter only; the pump out unit (if applicable) shall have a separate source.


F.
All conductors, lugs, and busses shall be copper.  Aluminum is not acceptable.


G.
An anti-recycle timer shall be furnished completely operable and shall cause a safe time interval between successive compressor starts.

2.13.3.3.10
Solid State Starter - Equipment Manufacturer shall furnish a reduced voltage air cooled solid state starter.


The starter shall be vibration-isolated from the chiller.  Power wiring from the starter to the compressor motor and control wiring from the starter to the chiller control panel shall be completed at the factory.


The starter shall be tested and the design current and overload settings adjusted at the factory.


The starter shall provide, through the use of silicon controlled rectifiers, a smooth acceleration of the motor without current transitions or transients.


The following protective devices shall be made part of the starters:


A.
3 leg sensing electronic overloads with indicating lights and reset button.


B.
Phase rotation protection circuit and indicating light.


C.
Single phase failure protection circuit and indicating light.


D.
High temperature safety protection system with indicating light and reset button.


E.
High temperature safety protection system with indicating light and reset button.


The starter shall include a lock and key to prevent tampering, a 3 phase ammeter with 4 position switch and electrical lugs for connection to incoming copper power connection.

2.13.3.3.11
Electro Mechanical Starter - The equipment manufacturer shall furnish a Star Delta closed transition starter.


The equipment manufacturer shall furnish and install the power and control wiring between the starter and the chiller.


The starter shall incorporate the following:


A.
Three phase motor protection.


B.
Control power transformer.


C.
Auxiliary power transformer


D.
Power distribution fault protection


E.
C-T for use by Martin Marietta Utility Control System (UCS) 300:5 precision type.


F.
Single Phase Protection


G.
Low Voltage Protection


H.
Automatic Wye-Delta Transition


I.
3 Phase Voltmeter with 4 Position Switch


J.
3 Phase Ammeter with Switch


K.
Surge Protection


L.
Lightning Protection

2.13.3.3.12
Auxiliary Starters - Equipment manufacturer shall provide all auxiliary starters and interconnecting power and control wiring.  Each motor starter shall be combination magnetic starter/fused disconnect type and shall be installed in an individually interlocked with its associated disconnect switch.  Each combination starter shall be supplied with dual element - time fuses sized per the overload protection in each phase and shall have an integral "HAND-OFF-AUTO" selector switch.  Provide and install necessary interconnecting power and control wiring to the compressor starter controls.  Starters interrupting capacity shall be 42000 Amperes.

2.13.3.4
Accessories, Auxiliaries, Controls, etc.
2.13.3.4.1
Pump Out Unit and Refrigerant Storage Tank - For machines utilizing refrigerants above atmospheric pressure, a complete factory assembled, compressor-operated pump-out unit and storage tank suitable for the transfer and isolation of the refrigerant charge shall be provided.


A.
Pump Out Unit - The refrigerant transfer unit shall be of reciprocating compressor type, direct or belt driven, with an open drip proof motor, suitable for use on a separate power source, with water cooled condenser oil separator, high and low pressure cutouts, crank-case heater, all valves and gauges, and necessary safety and operating controls for manual operation including starter.  The refrigerant transfer unit shall be factory mounted on the machine.  Equipment Manufacturer shall include necessary valves for efficient refrigerant liquid/gas transfer between storage tank and the machine.


B.
Refrigerant Storage Tank - The pumpout receiver shall be of welded construction and shall be in accordance with ANSI B9.1 Safety Code and all applicable local codes.  Properly sized refrigerant liquid, gas, and relief connections shall be provided.  The tank shall be as per ASME Code and sized to hold the entire refrigerant charge of the chiller when 80% full at 90°F.

2.13.3.4.2
Purge System - For machines utilizing refrigerants at subatmospheric pressures (R-11, R-113, R-114) a purge system shall be provided.  When in operation, the purge system shall function to remove air, water vapor and noncondensable gases from the regrigeration system automatically and to condense, separate and return to the system any refrigerants or oil purged.  The purge unit may be refrigerant or water cooled.  The purge system shall be manually and/or automatically started and stopped and shall be assembled as a compact unit.  The purge system shall be installed on the chiller unit complete with all necessary operating and safety devices as well as refrigerant isolation valves, water cooling valves, etc.

2.13.3.4.3
Vibration Isolation - As the chiller will be mounted on a housekeeping pad, rubber-in-shear vibration isolators shall be provided by the Equipment Manufacturer for the complete unit.

2.13.3.4.4
Control Center


A.
The chiller shall be furnished with a factory-mounted, piped, and wired control center, including all necessary safety, capacity and operating controls for the safe, automatic, unattended, controlled operation of the chiller.  The automatic control system shall be of the electronic type, capable of interconnecting with a lead/lag controller.  All conductors, lugs, and busses shall be copper.  Aluminum is not acceptable.


B.
The control center shall incorporate the following control features.


Chilled water temperature controller with control point adjustment to control automatically compressor suction inlet vanes to provide chilled water at set point.  In the event of power failure inlet vanes shall reset to minimum position to allow low load restart.


A compressor motor load sensor which will initiate a starting signal to the "lag" chiller-compressor when the load on the "lead" compressor reaches a predetermined set point.


A selector switch for dedicating the "lead" chiller compressor.


Control center shall be interlocked with the compressor motor, chilled water flow switch and condenser water flow switch.  Wiring of flow switch and condenser water flow switch.  Wiring of flow switch shall be by Installing Agency.


Compressor start/stop/reset push button switches and operating lights and hour meter.


Automatic safety shutdown relays with manual reset and indicating lights or other indicating lights shall stop the machine and not allow machine to start if the following conditions exist.


High oil temperature


High refrigerant pressure.


Low refrigerant pressure.


Low oil pressure.


High Discharge Temperature.


High Motor Temperatures.


And such other conditions that the Equipment Manufacturer requires to obtain safe automatically controlled operation of his chiller.


Automatic safety shutdown relays with automatic reset and indicating lights shall stop the machine if the following conditions occur:


Low leaving chilled water temperature


Low chilled water flow.


Low condenser water flow


Power failure indicating lights


Dial type pressure gauges for:


Cooler refrigerant pressure


Condenser refrigerant pressure


Compressor oil pressure and temperature.


Indicator lights indicating auxiliary operation


Wiring shall be in compliance with the National Electrical Code.

2.13.3.4.5
Control Sequence - The controls and control sequence shall be designed for completely fail-safe, automatic operation and shall provide for operation of the auxiliary oil pump prior to energizing the compressor motor, during any abnormal drop in oil pressure, and during normal coast down.  The sequence shall prevent recycling of the unit prior to a predetermined safe time interval.

2.13.3.4.6
Flow Switches - Provide condenser water and chiller water differential pressure switches.  Flow switches incorporating paddles in the water stream are not acceptable.

2.13.3.4.7
Chilled Water Temperature Switch - to initiate start of "lead" chiller compressor on a rise of chilled water supply temperature.

2.13.3.4.8
Refrigerant and Oil Charge - The manufacturer is to provide complete refrigerant and oil charges for the machine.

2.13.3.4.9
Insulation - All low temperature chiller surface shall be factory insulated with 3/4" thick vinyl/nitrile polymer having a K factor of 0.28 @ 75°F, glued to form an effective moisture barrier, then painted with a resilient epoxy finish.

2.13.3.4.10
Miscellaneous - Equipment manufacturer shall furnish special wrenches and/or other special tools necessary for proper maintenance.

2.13.3.4.11
Electrical Work - All electrical work shall conform to the National Electrical Code.  All conduit used shall be rigid galvanized steel or aluminum rigid heavy wall.  All control wiring shall be stranded No. 14 THHN.  All power wiring shall be No. 12 minimum.  All wiring shall be copper and shall be installed in conduit.  Use of multi-conductor control cable in conduit is permissible.

2.13.3.4.12
Grounding - An equipment ground conductor of #2/0 AWG shall be connected to the chiller base.  All components and non-current carrying enclosures, etc. shall be connected to a ground source.  All duct, flanges, expansion joints shall be made electrically continuous.  By means of bonding jumpers installed upon or across these devices.

2.13.3.4.13
Spare Parts - Equipment manufacturer shall furnish a complete list of recommended spare parts for the water chiller, and current prices.

2.13.4
Chillers With Reciprocating Type Compressors
2.13.4.1
General
2.13.4.1.1
The contractor shall furnish and install reciprocating water-cooled liquid chiller as shown on schedule to the drawings.  Unit shall be installed in strict accordance with this specification.

2.13.4.1.2
Unit shall be furnished complete with accessible hermetic reciprocating compressor factory-mounted condenser, evaporator, thermal expansion valve and control panel.

2.13.4.1.3
Unit and accessible hermetic compressor shall be factory run-tested prior to shipment.  Capacity, current draw and control operation shall be monitored and recorded.  All units shall be shipped with a full operating charge of refrigerant and oil.

2.13.4.2
Performance Criteria - See Mechanical Equipment Schedule
2.13.4.3
Evaporator
2.13.4.3.1
Shell and tube design with seamless copper tubes roller expanded into tube sheets.  Designed, tested and stamped in accordance with ASME Code for refrigerant side working pressure of 225 psig.  Water side working pressure is 150 psig.  One water pass with a series of internal baffles.

2.13.4.3.2
Each shell shall include drain connections, bulb wells for low temperature cutout and temperature cutout, and temperature controller.  Flare connections on chilled water inlet and outlet for pressure drop measurements, and 3/4 inch expanded polyvinyl chloride insulation (K = 0.26).

2.13.4.4
Condenser
2.13.4.4.1
Shell and tube design with seamless integral fin copper tubes expanded into tube sheets.  Designed, tested and stamped in accordance with ASME Code for refrigerant side working pressure of 300 psig.  Waterside working pressure is 150 psig.  Two hundred psig safety relief valve on unit.

2.13.4.4.2
Each condenser shall include a subcooler circuit.  Tubes are cleanable and replaceable.

2.13.4.5
Control Panel
2.13.4.5.1
Each unit control panel has separate starter and refrigeration control sections.  The starter contains:  The main single-point connection for customer power hookup, power controls for across-the-line starter, and noncycling compressor overload.

2.13.4.5.2
The refrigeration section contains the reset relay, compressor service switches, motor protector, differential oil pressure control, high and low pressure controls and central unit microcompressor.  The microcompressor controls the compressor anti-recycle functions, low water temperature cutout, loss of charge protection, leaving chilled water temperature control, load limiting, low ambient start logic and self-diagnostic capability.

2.13.4.6
Refrigerant Circuit.  Each unit contains:  Liquid line solenoid valve, filter-dryer, liquid line sight glass, thermal expansion valve, 1/4 inch flare charging port, and insulated suction line.

2.13.4.7
Compressor and Motor
2.13.4.7.1
Motor is suction gas cooled and suitable for a voltage utilization range of + 10 percent from nameplate voltage.  One sensor embedded in each motor winding protects against excessive winding temperatures.

2.13.4.7.2
Direct-drive, 1,750 rpm, semi-hermetic reciprocating compressor with:  Reversible, spring-loaded, positive displacement oil pump, self-relieving to the suction side, oil filter and magnetic plugs; oil level sight glass; oil charging valve; two-point lubrication for each bearing and connecting rod; crankcase heater and crankcase well; double mesh suction inlet screen; high strength, ring-type suction and discharge valve; large gas passages, minimum clearance volumes; electric-actuated cylinder head unloading; removable discharge heads; discharge service valve, and spring isolators.

2.13.4.8
Capacity Modulation And Temperature Control.  Three-step capacity control in response to supply chilled water temperature.  Unloaders are solenoid-actuated and gas-operated.

2.13.4.9
Options to be furnished with cold generator.

2.13.4.9.1
Unit Mounted Disconnect Switch - Molded case switch located inside control panel door for customer disconnect of unit power.

2.13.4.9.2
Flow Switch - Recommended as safety interlock to prevent operation of machine without evaporator water flow.  Available for field installation.  Provide an additional flow switch for condenser water flow verification.  Two switches required.

2.13.4.9.3
Isolators - Rubber-in-shear isolators for field installation beneath unit frame.

2.13.4.9.4
Periodic Pumpout - The microprocessor will allow the compressor to pump out the chiller if necessary once an hour.

2.13.4.9.5
Gauges - Gauge board with shutoff valve, suction discharge and oil pressure gauges.

2.13.4.9.6
Penn Or Equal Two Way Water Regulating Valve - operating from head pressure, size to be 1-1/2".

2.13.5
Chilled Water Pumps
2.13.5.1
Pumps shall be of the horizontal split case type suitable for continuous operation on chilled water service.  Pumps and drive motor shall be mounted on a fabricated base plated.  A removable guard shall be provided for the motor-pump coupling.  Pump suction and discharge shall be as specified on equipment schedule.

2.13.5.2
Impeller shall be of enclose design, cast in one piece and dynamically and hydraulically balanced.  Impeller shall be keyed and locked to pumps shaft by threaded shaft sleeves.

2.13.5.3
Wear Rings shall be provided and fitted into pump casing.  Such wear rings shall be design to minimize leakage and for easy replacement.

2.13.5.4
Pumps shall be designed to meet the following conditions:


A.
Fluid - clear water.


B.
Fluid temperature - 52°F.


C.
Capacity GPM.


D.
Total discharge head - See equipment schedule.


E.
Suction Pressure .


F.
Min. efficiency 85%.

2.13.5.5
Pump Materials.  Pumps shall have a cast iron casing with bronze impeller, impeller wear rings, shaft sleeves, and lantern ring.  Pump shaft shall be carbon steel.

2.13.5.6
Electric Motor.  Pump drive shall be     hp 1750 RPM severe duty high efficiency T.E.F.C., induction with Class B insulation.  Service factor shall be 1.15 Min. electrical characteristics shall be 460V, 3 ph., 60 HZ.

2.13.6
Cooling Tower
2.13.6.1
The existing cooling tower                located at the southern end of the Tank Farm shall be upgraded to produce an additional     gpm (min) capacity.  While maintaining the required 10°F temperature difference between entering and leaving water.

2.13.6.2
The refurbishment shall include the following work


A.
Replacement of existing wooden fill with PVC fill with integral drift eliminators.


B.
Replacement and/or addition of hot water target nozzles for proper water distribution.


C.
Ensure that there is maximum utilization of fan-motor horsepower by adjusting the pitch of fan blades in accordance with manufacturers recommendation.

2.13.6.2.3
If not performed by the manufacturer of the said tower, the upgrading of cooling tower #________________shall be done by qualified tower spec lists.

2.13.6.2.4
The expected performance of the upgraded tower, i.e., the new GPM and temperature difference at 80°F wet bulb, shall be submitted in writing to Martin Marietta Corp. Engineer.

2.13.6.5
The present design capacity of tower is as follows:


Flow across tower-
GPM


Return water temp-
101°F


Supply water temp-
86°F


Ambient wet bulb temp-
80°F


Current flow across tower-
GPM

2.13.7
Cooling Water Pumps
2.13.7.1
Existing vertical turbine pumps rated at      GPM at 175' total need currently supply water from cooling tower #  sump into the system.  Impellers of existing pumps shall be cut such as to distribute the total new GPM over all pumps (i.e., each pump will flow a quarter of the total gpm after upgrading with no change in discharge head).  A new pump shall then be added to the tower to be alternated with the existing four as standby.

2.13.7.2
New Circulating Cooling Water Pump
2.13.7.2.1
Pump - shall be vertical, single stage, turbine design, suitable for continuous cooling water service.  Pumps shall be designed and constructed for flange support on the pump discharge head.  Pump discharge connection shall be 125# ANSI B16.1.

2.13.7.2.2
Impeller - shall be of enclosed design with seal rings fitted into the pump bowl.  Axial clearance adjustments shall be made with a nut assembly on the pump shaft at the upper bearing of the drive motor.

2.13.7.2.3
Pump Shaft Bearings - shall be mounted and secured at pump column flanges.  Such bearing retainers shall be fix the pump shaft in true axial alignment with pump bearings and packing.

2.13.7.2.4
Pump Elements - shall be constructed of the following materials.


Discharge head - C.I., ASTM A126, A126, Class B


Pump column - C.S., ASTM A53, ASTM A 182. WPB


Pump bow - C.I., ASTM A48, Class 30


Pump shaft - Stainless steel, ASTM A276, TP410


Impeller - Bronze, ASTM B 145, Grade 4A


Seal ring - Bronze, ASTM B 148, Grade 9C


Pump bearings - Bronze, ASTM B 144, Grade 3D.


Shaft bearing - Cutless Rubber.


Shaft bearing retainer - Bronze, ASTM B 144, Grade 3D.


Packing Box Gland - Bronze, ASTM B 145, Grade 4A


Packing - Graphite Asbestos


Flange bolts and nuts - Stainless steel, ASTM A 276, TP 410.

2.13.7.2.5
Electric Motor Pump Drive - shall be 1750 RPM, hollow shaft severe duty, high efficiency, T.E.F.C., induction with Class B insulation with non-reversing ratchet.  Electrical characteristics shall be 460V, 30 ph, 60 Hz.

2.13.7.2.6
A Four Mesh, Gage Galvanized Suction Strainer - shall be attached to the pump suction bell.  Clear area through the strainer shall result in fluid velocities not greater than 2.0 fps. at rated flow.

2.13.7.2.7
Performance


Pump shall be designed and function to the following.


Fluid - Clear fresh water


Capacity -      GPM


Discharge head -     feet


Pump basin depth -   feet


Normal water pump basin depth -      


Maximum submergence over suction bell -      .
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