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Part 1 General
1.1 SUMMARY

.1 Section Included:

.1 Materials, components, framing, installation and testing for an evaporative condenser closed circuit cooling tower.
1.2 RELATED SECTIONS
.1 Section 01 33 00 - Submittal Procedures.
1.3 PRODUCTS SUPPLIED BUT NOT INSTALLED UNDER THIS SECTION

.1 Anchor bolts: size anchor bolts to withstand seismic acceleration and velocity forces as defined in 23 05 48 – Vibration and Seismic Controls for HVAC Piping and Equipment.
1.4 REFERENCES
.1 American Society for Testing and Materials International, (ASTM)

.1 ASTM A48/A48M, Standard Specification for Gray Iron Castings.
.2 ASTM A123/A/123M, Standard Specification for Zinc (Hot-Dip Galvanized) Coatings on Iron and Steel Products.

.3 ASTM A153/A153M, Standard Specification for Zinc Coating (Hot-Dip) on Iron and Steel Hardware.

.4 ASTM A653/A653M, Standard Specification for Steel Sheet, Zinc-Coated (Galvanized) or Zinc-Iron Alloy-Coated (Galvanealed) by the Hot-Dip Process.

.5 ASTM B117, Standard Practice for Operating Salt Spray (Fog) Apparatus.

.6 ASTM D520, Standard Specification for Zinc Dust Pigment.

.7 ASTM D1784, Standard Specification for Rigid Poly (Vinyl Chloride) (PVC) Compounds and Chlorinated Poly (Vinyl Chloride) (CPVC) Compounds.

.8 ASTM F594, Standard Specification for Stainless Steel Nuts.

.2 American Society of Mechanical Engineers (ASME):

.1 PTC 23, Atmospheric Water Cooling Equipment

.3 Canadian Standards Association (CSA International)

.1 CSA B52, Mechanical Refrigeration Code.

.4 Cooling Tower Institute

.1 CTI ATC-105 Acceptance Test Code for Water Cooling Towers.

.2 CTI STD-111, Gear Speed Reducers

.3 CTI ATC-128 Code for Measurement of Sound From Water Cooling Towers

.4 CTI STD-131, Fiberglass-Reinforced Plastic Panels for Applications on Industrial Water Cooling Towers.

.5 CTI STD-136, Polyvinyl Chloride Materials Used for Film Fill, Splash Fill, Louvers and Drift Elinators.

.6 CTI STD-137 Fiberglass Protruded Structural Products for Use in cooling Towers.
.7 CTI STD-201, Standard for the Certification of Commercial Water Cooling Tower Thermal Performance.
.5 American National Standards Institute (ANSI)

.1 ANSI S1.13, Methods for the Measurement of Sound Pressure Levels.

.6 Health Canada/Workplace Hazardous Materials Information System (WHMIS)
.1 Safety Data Sheets (SDS).
.7 Underwriters Laboratories’ of Canada (ULC).

.1 CAN/ULC –S102, Method of Test for Surface Burning Characteristics of Building Materials and Assemblies.

.8 National Fire Protection Association (NFPA)
.1 NFPA 214, Water-Cooling Towers.

.9 National Electrical Manufacturers Association (NEMA)

.1 NEMA ICS 1, Industrial Control and Systems.

.2 NEMA ICS 2, Industrial Control and System Controllers, Contactors, and Overload Relays Rated Not More Than 2,000 Volts AC or 750 Volts DC

.3 NEMA MG 1, Motors and Generators.

1.5 PERFORMANCE REQUIREMENTS

.1 Performance certified in accordance with CTI-STD-201.

.2 Cooling Tower:

.1 Capacity: as indicated

.2 Pressure drop: as indicated

.3 Dry Coolers:

.1 Fill system with water and glycol.

.2 Pressure drop: as indicated
.4 Evaporative condenser: CSA B52.

.1 Capacity: as indicated

.5 Maximum pump head: as indicated.

.6 Electrical: maximum full load running amps: as indicated.

.7 Sound pressure level: as indicated.

1.6 SUBMITTALS
.1 Product Data:

.1 Submit manufacturer’s printed product literature, specifications and datasheet in accordance with Section 01 33 00 – Submittal Procedures.  Include product characteristics, performance criteria, and limitations.

.2 Submit two copies of Workplace Hazardous Materials Information System (WHMIS) Safety Data Sheets (SDS) in accordance with Section 01 33 00 – Submittal Procedures.
.2 Shop Drawings:

.1 Submit shop drawings in accordance with Section 01 33 00 – Submittal Procedures.

.1 Submit drawings: stamped and signed by professional engineer registered or licensed in the Province of Newfoundland and Labrador, Canada.

.2 Indicate:

.1 Connections, piping, fittings, valves, control assemblies and ancillaries, identifying factory and field assembled.
.2 Wiring as assembled and schematically.

.3 Dimensions, construction details, recommended installation and support, mounting bolt hole sizes and locations and point loads.

.4 Vibration and seismic control measures.

.5 Manufacturers recommended clearances.

.3 Quality assurance submittals: submit following in accordance with Section 01 33 00 – Submittal Procedures.

.1 Test Reports:
.1 Submit certified test reports for, cooling towers, closed circuit coolers, and/or evaporative condensers from approved independent testing laboratories, indicating compliance with specifications for specified performance characteristics and physical properties.

.2 Certificates: submit certificates signed by manufacturer certifying that materials comply with specified performance characteristics and physical properties.

.3 Instructions: submit manufacturer’s installation instructions.

.4 Manufacturer’s Field Reports: manufacturer’s field reports specified.

.4 Closeout Submittals:

.1 Provide operation and maintenance data for incorporation into manual specified in Section 01 78 00 – Closeout Submittals.

.2 Include:

.1 Description of equipment giving manufacturers name, type, model, year, capacity.
.2 Start-up and commissioning procedures.

.3 Details of operation, servicing and maintenance.

.4 Recommended spare parts list.

1.7 QUALITY ASSURANCE
.1 Qualifications:

.1 Installer: company or person specializing in cooling towers, closed circuit coolers and/or evaporative condensers installations with 5 years experience approved by manufacturer.

.2 Regulatory Requirements: work to be performed in compliance with Canadian Environmental Protection Act (CEPA) and Transportation of Dangerous Goods Act (TDGA) and applicable Provincial regulations.

.3 Health and Safety:

.1 Do construction occupational health and safety in accordance with Section 01 35 29.06 – Health and Safety Requirements.
1.8 DELIVERY, STORAGE, AND HANDLING

.1 Packing, shipping, handling and unloading:

.1 Deliver, store and handle in accordance with manufacturer’s written instruction and Section 01 61 00 – Common Product Requirements.
.2 Storage and Protection:

.1 Store materials in dry location.

.2 Store and protect materials from exposure to harmful weather conditions and at temperature and humidity conditions recommended by manufacturer.

.3 Waste Management and Disposal:

.1 Construction/demolition waste management and disposal: separate waste materials for reuse and recycling in accordance with Section 01 74 19 - Construction/Demolition Waste Management and Disposal.  

1.9 MAINTENANCE
.1 Extra Materials:
.1 Furnish following spare parts: belts and bearings.

.2 Furnish spare parts data for each different item of equipment specified, after approval of detail drawings, submit with operation and maintenance manual.

.3 Include with data complete list of parts and supplies, source of supply, recommended spare parts list for 1 year of operation, and list of parts recommended by manufacturer to be replaced on routine basis.
Part 2 Products
2.1 SUSTAINABLE REQUIREMENTS

.1 Materials and products in accordance with Section 01 47 15 – Sustainable Requirements: Construction.
2.2 GENERAL
.1 Factory assembled forced draft counterflow vertical or crossflow discharge cooling tower; evaporative condenser and/or closed circuit cooler.
.2 Ensure major equipment including cooling towers, cooling tower gear drive assemblies, fans, and motors have manufacturer’s name, address, style, model, serial number, catalogue number on plate secured to item of equipment.
.3 Plates: durable and legible throughout equipment life and made of anodized aluminium or stainless steel.

.4 Fix plates in prominent locations with nonferrous screws or bolts.
2.3 SIZE AND WEIGHT
.1 Dimensions: as indicated.

.2 Operating weight: as indicated.

2.4 MATERIALS
.1 Steel: components fabricated of zinc-coated steel not lighter than 1.5mm thick steel, protected against corrosion by zinc coating.
.1 Zinc coating: to ASTM A153/A153M and ASTM A123/A123M, with extra heavy coating of not less than 0.76kg per square meter of surface.
.2 Coat galvanized surfaces damaged due to welding with zinc rich coating conforming to ASTM D520, Type 1.

.2 Fibre glass reinforced plastic, (FRP) components: inert, corrosion resistant, and fire-retardant with thickness of 3.66kg/square meter, with UV inhibitor to CTI standard 137, grade 1 or 3.
.3 Polyvinyl chloride, (PVC) to ASTM D1784 with flame spread rating of 10, smoke developed of 25, to CAN/ULC-S102.

.4 Wood: pressure treated fir.
.1 Treat and saturate wood exposed from notching, cutting, or drilling with preservative.
.5 Stainless steel: type 316. 

.6 Plastic: polypropylene.
.7 Hardware: Type 304 stainless steel.

.1 Bolts: provided with neoprene and stainless steel washers under heads.

.2 Hardware: meet salt-spray fog test as defined by ASTM B117.

2.5 CASING AND FRAMEWORK
.1 Materials: galvanized steel sheet, angles and channels.
.2 Structure: designed for wind loads of 1.6kPa on projected area and transmission of loads to anchorage.  Fan decks designed to withstand this live load plus concentrated over distributed loads of equipment mounted on the fan decks.
.1 Include 15% increased loading for ice or snow load.

.3 Access doors on both end walls for servicing and maintenance.
.4 Access to spray nozzles: permanent galvanized steel ladder and access platform(s).

.5 Provide stairs, 60-degree ship ladders or straight-rung ladders of standard design, starting at 1.5 below tower bottom and extending as high as required to gain access to fan decks and water distribution systems
.1 Stairways and ladders: hot-dip, zinc-coated steel.

.2 Equip ladders higher than 3.66m with safety cage.

.6 Provide steel hand railings minimum 1067mm high around exterior of each working surface that is 3.66m or more above ground, roof, or other supporting construction.
.1 Railings: minimum 32mm zinc-coated steel pipe with standard zinc-coated steel railing.
2.6 COLD WATER BASIN
.1 Construct basin watertight from zinc-coated steel or Type 304 stainless steel or FRP.
.2 Construct and install basin to ensure that air will not be entrained in outlets when operating and no water will overflow on shutdown.

.3 Provide individual sump with individual outlet.

.4 Equip outlets with 12.7mm mesh, zinc-coated steel wire securely mounted to prevent trash from entering outlet.

.5 Equip basins with:

.1 Overflow and valved drain connections.

.2 Float-controlled, makeup water valve as indicated.
2.7 HOT WATER DISTRIBUTION BASIN
.1 Water distribution: gravity-flow or pressure-flow type system which distributes waters evenly over entire fill surface.
.2 Design tower cells so that water flow of 40% capacity will not cause overflowing or splashing.

.3 Include with distribution system for each cell separate adjustable flow control valves and stop valves.

.4 Ensure distribution system is self-draining and non-clogging.

.5 Piping: threaded-glass-fibre reinforced epoxy pipe, PVC or Schedule 80 black steel.

.6 Gravity-Flow System: provided with open basins which include splash box or baffles to minimize splashing of incoming hot water and holes that evenly distribute water over entire decking area.

.1 Equip water basin holes with ceramic or plastic orifice inserts.

.7 Pressurized-Flow System: includes piping, fittings, branches, and spray nozzles.

.1 Spray nozzles: stainless steel, bronze, polypropylene or high-impact plastic.

.2 Nozzles: cleanable, non-clogging, removable, and spaced for even distribution.

.8 Pump head: maximum as indicated.

.9 Recirculating pump: close-coupled bronze fitted centrifugal with mechanical seal.

.10 Size and capacity: selected by manufacturer or refer to Section 23 21 23 – Hydronic Pumps.

.11 Provide hot water distribution basins with tower covers same material and thickness as casing, to prevent airborne debris from entering basin.

2.8 COIL SECTION

.1 Tube bundle: copper, type M, isolated from steel support with poly propylene spacers or steel tubing and supporting steel framework hot-dip galvanized after fabrication.

.2 Factory test to 2.4mPa under water.

.3 Coil pressure drop: as indicated.
2.9 FILL, ELIMINATORS AND LOUVRES
.1 Tower fill: splash or film, type.

.1 Fill material: free to expand or contract without warping or cracking

.2 Do not use plasticized wood cellulose for fill material.

.3 Ensure fill is removable or otherwise made accessible for cleaning.

.4 Space supports: corrosion resistant, designed to prevent warping, sagging, misalignment, or vibration of fill material.

.5 Design fill material and supports to provide for even mixing of air and water.

.6 Construct fill material of aluminium, stainless steel or PVC in pattern, and of sufficient height to meet performance specifications.
.2 Provide eliminators in tower outlet to limit drift loss to not over 0.005% of circulating water rate.
.1 Construct eliminators of minimum polyvinyl chloride (PVC).

.2 Eliminators; multi-pass zigzag type, assembled into sections making strong, stable unit.

.3 Support eliminators by brass or stainless steel suspension rods from fan deck.
.3 Provide air inlets for each cooling tower with individually removable louvers arranged prevent escape of water.  Louvers: Type 304 stainless steel or FRP.
.1 Provide compatible materials casings and louvers.
.2 One material not to produce stains on other materials.

.3 Provide air intakes with 25mm zinc-coated steel mesh.
2.10 FAN
.1 Fan: forward curved, centrifugal type, statically and dynamically balanced.  Housing: inlet ring and four sided discharge cowl extended into pan.
.2 Fans shall be the adjustable-pitch propeller type, constructed of zinc-coated steel.  Type 304 stainless steel, aluminium or an aluminium alloy, or FRP.  Propeller type shall have a maximum tip speed of 55 m/s.  Fan blade assembly shall be both statically and dynamically balanced after assembly of the cooling tower.  Fan hub shall be constructed of stainless steel or cast aluminium with adequate surface protection against corrosion.
.1 Complete fan assembly (fan and mounting) shall be designed to give maximum fan efficiency and long life when handling saturated air at high velocities.
.3 Speed Reducer Gears and Drive Shaft
.1 Speed reducer gears shall be rated in accordance with CTI STD-111.  Gear reducers shall be of the spiral bevel, single reduction.  Reducer shall be mounted in accordance with manufacturer’s recommendations.
.2 Each reducer shall be provided with an oil level cutoff switch interlocked to the fan motor.  Each reducer shall be provided with an oil level sight glass, fill, drain, and vent lines located in a readily accessible position.

.3 Drive shafts shall be the full floating type with flexible couplings at both ends and have a service factor of 1.0 or greater.  Drive shafts shall be of stainless steel, fitted each end with flexible couplings (stainless steel plate type).  Each drive shaft shall be provided with a galvanized steel guard, to prevent damage to surrounding equipment in case of shaft failure.

.4 Provision shall be made for lubrication of all bearings.  Bearings shall be accessible to the extent that each bearing can be lubricated without dismantling fan.

.4 Fan Motor
.1 Each motor shall be a single, TEFC, insulation Class B, NEMA Design B, continuous-rated, and conforming to NEMA MG 1.  Fan motors shall have totally enclosed enclosures and be located outside the discharge airstream.

.2 Motors shall be mounted according to manufacturer’s recommendations.

.3 Motors shall be designed for inverter duty and shall be suitable for use with variable frequency drive.
2.11 ACCESSORIES
.1 Immersion heaters: in pan suitable to maintain temperature of water at 5 degrees C when outside temperature is minus 17 degrees C and wind velocity is 25 kPh.
.2 Immersion thermostat and float control: to operate heaters on low temperature when basin is filled.

.3 Temperature controller: in pan, set at 10 degrees C with sensor to cycle fans..

.4 Time delay relay: to limit fan motor starts to not more than 6 /h.

.5 Capacity control: scroll damper and modulating electronic damper motor, controlled by temperature controller.  Sensor in pan set at 10 degrees C.
2.12 VIBRATION ISOLATORS
.1 To Section 23 05 48 - Vibration and Seismic Controls for HVAC Piping and Equipment.
2.13 CONTROLS

.1 Control Panel

.1 Provide a cooling tower control panel specifically designed to control variable speed drives and auxiliary tower devices including basin heaters and tower de-icing.  Panel shall:

.1 Have lockable hinged front door.

.2 Be constructed to NEMA Type 1 standards.

.3 Contain disconnects for motor.

.4 Contain adjustable speed drives as specified below, contactors, relays, 120 volt control transformers, terminal blocks and all other electrical devices.

.5 Have a wiring and schematic diagram inside starter enclosure in visible location.  Identify each wire and terminal for external connections, within starter, with permanent number marking identical to diagram.

.2 Tower control panel shall:

.1 Receive signals from Owner’s DDC system to stop and start tower and to provide a 4-20 ma or 0-10 VDC control input to the VFD.

.2 Reverse fans to de-ice the towers based upon sensing ice build-up across the intake louvres.

.2 Vibration Limit Switch
.1 Provide a vibration limit switch to shut down tower and provide notification via isolated contacts to the Owner’s DDC system.

2.14 VARIABLE FREQUENCY DRIVES (VFD’S)

.1 Provide adjustable frequency drives having the following features:

.1 Voltage rated for 600 volts with constant volts per hertz excitation up to 60 hertz.  Full load output current of the drive shall equal or exceed the equivalent motor output current including motor service factor.

.2 Pulse Width Modulated (PWM) design converting the utility input voltage and frequency to a variable voltage and frequency output via a two-step operation.  Adjustable Current Source VFD’s are not acceptable.  Transistors shall be used in the inverter section.

.3 Efficiency that exceeds 95% at 100% speed and load.  The efficiency shall exceed 80% at 50% speed and load.
.4 Maintain the line side displacement power factor no less than 0.95 regardless of speed and load.

.5 One (1) minute overload current rating of 110% for variable torque loads and 150% of constant torque loads.

.6 Capable of operating any NEMA B squirrel cage induction motor, regardless of manufacturer, with a load rating within the capacity of the VFD’s.

.7 Able to start into a spinning motor.  The VFD’s shall be able to determine the motor speed in any direction and resume operation without tripping.  If the motor is spinning in the reverse direction, the VFD’s shall start into the motor in the reverse direction, bring the motor to a controlled stop, and then accelerate the motor in the preset method of starting.

.2 Standard operating conditions:

.1 Incoming Power:  Three-phase, 600V (+10% to -10%) and 50/60 hertz (+/-2 hertz) power to a fixed potential DC bus level.

.2 Frequency stability of +/-5% for 24 hours with voltage regulation of +/-2% of maximum rated output voltage.

.3 Motor slip dependent speed regulation of 3%.

.4 Two cycle carry-over during utility loss.

.5 Insensitive to input line rotation.

.6 Humidity: 0-95% (Non-condensing and non-corrosive).

.7 Altitude: 0 to 1000m above sea level.

.8 Ambient Temperature: 0-40 degrees C.
.3 Control Functions

.1 All VFD programmable parameters shall be adjustable from a digital operator keypad located on the front door of the VFD.  Parameters shall include:

.1 Programmable frequency command (keypad, remote)

.2 Programmable start command (keypad, remote)

.3 Forward or reverse start, stop, and digital speed control via digital operator keypad.

.4 Programmable maximum and minimum frequency limits.

.5 Programmable acceleration and deceleration times.

.6 Programmable carrier frequencies, V/Hz, and critical frequency avoidance lockout zones.

.7 Programmable electronic overload and torque limits.

.8 Programmable multiple attempt restart.

.9 Programmable jog and preset speeds.

.10 Programmable dwell time at start to maximize motor starting torque.

.11 Programmable “Catch a Spinning Motor” function.

.4 System interfaces

.1 All units shall accept the following inputs:

.1 Process control speed reference interface to receive either a 0-10 VDC, 4-20 ma or speed potentiometer signal.

.2 Remote mode start contact.

.3 Remote forward/reverse contacts.

.4 Remote preset speed contacts.

.5 Remote external trip contact.

.6 Remote reset contact.

.7 Remote jog contact.

.2 All units shall provide the following outputs:

.1 Run relay with an isolated set of Form C contacts.

.2 Dry contact output to indicate protective function trip.

.3 Analog output signal proportional to output frequency.

.5 Monitoring and Displays:

.1 The VFD’s shall have at least an 8 character display indicating monitored functions as described in the following:

.1 Output current.

.2 Output frequency.

.3 Motor rpm.

.4 Trip Cause.

.6 Protection Functions:

.1 The VFD shall include the following protective features:

.1 AC input line current limiting fuses rated 200,000 A/C for fault current protection of AC and DC converter section for all units 25 HP and above.

.2 Over-current protection.

.3 Over-voltage protection.

.4 Under-voltage protection.

.5 Over-frequency protection.

.6 Phase loss protection.

.7 Over-temperature protection.

.8 Ground fault protection.

.9 Adjustable current limit.

.10 Line-to-line and line-to-ground output short circuit protection.

.11 Variable torque overload capability shall be 100% of the motor FLA.

.7 Enclosures:

.1 The VFD enclosure shall be NEMA 1. The VFD shall have complete front accessibility with easily removable assemblies.  VFD units 75 HP and below shall be wall-mounted.  Larger units shall be floor-mounted.
.2 VFD enclosure shall incorporate manual isolation bypass switches to permit constant speed operation of the tower shall VFD fail.

.3 Doors shall include knock-outs for mounting up to 6 operator devices.  Factory mounted operator devices shall be wired at the factory.

.8 Line Reactors:

.1 Input line reactors for units 25 HP and larger, KLR 3% Z complete with enclosures.

.2 Output DV/DT load filter KLC 1.5% Z complete with enclosures.

Part 3 Execution
3.1 MANUFACTURER’S INSTRUCTIONS

.1 Compliance: comply with manufacturer’s written recommendations or specifications, including product technical bulletins, handling, storage and installation instructions, and datasheet.
3.2 GENERAL
.1 Mount on structural supports and vibration isolators as indicated and to manufacturer's recommendations.

.2 Ensure clearance for servicing and maintenance as recommended by manufacturer.
.3 Manufacturers field service representative to approve installation, to supervise start up and to instruct operators.
3.3 FIELD QUALITY CONTROL
.1 Site Tests:
.1 Test under actual operating conditions in accordance with CTI-ATC-105 to verify specified performance.

.2 Manufacturer’s Field Services:
.1 Obtain written report from manufacturer verifying compliance of work, in handling, installing, applying, protecting and cleaning of product and submit Manufacturer’s Field Reports as described in PART 1 – SUBMITTALS.

.2 Provide manufacturer’s field services consisting of product use recommendations and periodic site visits for inspection of product installation in accordance with manufacturer’s instructions.

.3 Schedule site visits, to review work, as directed in PART 1 – QUALITY ASSURANCE.

.3 Verification requirements in accordance with Section 01 47 17 – Sustainable Requirements: Contractor’s Verification includes:

.1 Materials and resources.

.2 Storage and collection of recyclables.

.3 Construction waste management.

.4 Resource reuse.

.5 Recycled content.

.6 Local/regional materials.

.7 Low-emitting materials.

3.4 ADJUSTING

.1 Lubricate bearings with oil or grease as recommended by manufacturer.

.2 Tighten belts to manufacturer’s specified tension.
3.5 CLEANING

.1 Proceed in accordance with Section 01 74 00 – Cleaning.

.2 Wipe equipment clean, and remove traces of oil, dust, dirt, or paint spots.
.3 Maintain system in clean condition until final acceptance.

.4 Upon completion and verification of performance of installation, remove surplus materials, excess materials, rubbish, tools and equipment.
END OF SECTION

Ver. 10/22

