Port Authority of New York & New Jersey

November 26, 2000

Newark International Airport


SECTION 15650 - COOLING TOWERS

PART 1. GENERAL

1.1 WORK INCLUDED:

A. Furnish equipment and services necessary for a complete and safe installation in accordance with the contract documents and all applicable codes and regulations having jurisdictions for eight (8) cells of field erected cooling tower at Newark International Airport in Newark, New Jersey.

1.2  Design and build
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Design and performance of components and methods specified herein shall comply with the applicable provisions of the latest editions of published codes, standards, recommendations of the entities listed below:

· American Institute of Steel Construction (AISC) - Specifications for the design, fabrication, and erection of structural steel for buildings

· American Iron and Steel Institute – Design of cold-formed steel structural members

· American Welding Society (AWS)

· American National Standards Institute (ANSI) 

ANSI C 2 - National Electrical Safety Code

· American Society of Heating, Refrigerating and Air Conditioning Engineers (ASHRAE)

· American Society of Testing and Materials (ASTM)

A 36 - Structural Steel

A 53 - Pipe, Steel, Black and Hot-Dipped, Zinc-Coated, Stainless Steel, Welded and Seamless

A 311 - Steel Bars, Carbon, Stress-Relieved Cold Drawn, Subject to Mechanical Property Requirements

A 325 - Structural Bolts, Steel, Heat Treated, 120/105 KSU Minimum Tensile Strength

A514 - High-Yield-Strength, Quenched and Tempered Alloy Steel Plate, Suitable for Welding

· American Society of Mechanical Engineers (ASME)

· The Cooling Tower Institute (CTI)

· National Electric Code (NEC)

· National Electrical Manufacturers Association (NEMA)

· National Fire Protection Association (NFPA)

NFPA 70 – National Electrical Code

NFPA 101 – Life Safety Code

· New York State Energy Conservation Code

· Occupational Safety and Health Administration (OSHA)

· Steel Structures Painting Council (SSPC)

· State of New Jersey Uniform Construction Code (BOCA)

· Underwriters Laboratories Inc. (UL)

A. Design and performance requirements of the cooling towers shall be as specified in the cooling tower section 4.05.C.

A. General

1. All design work and engineering shall be done by professional engineers registered in the State of New Jersey in accordance with New Jersey engineering laws and regulations.  All documents shall be signed and sealed by the engineer responsible for the design or design supervision as required by the applicable laws and regulations.
2. The minimum drawing scale shall be 1/8 inch = 1 foot.  For mechanical room layouts, details, sections, etc. the minimum scale of 1/4 inch = 1 foot shall be used.
3. Calculations must follow methodology outlined in the applicable codes and standards.  At a minimum, calculations shall be provided for the following:
a) Mechanical equipment sizing and selection for pumps, fans, cooling towers, heat exchangers, pump sump, piping, control valves, etc.

b) Heat of rejection calculations for the entire condenser water system including new cooling towers.

4. Position equipment so that pumps, heat exchangers, valves, fans, motors and fan blades can be removed without demolishing permanent walls or structures.  The approximate locations shall be as indicated on drawings.
5. Mount equipment on suitable bases with concrete house keeping pads.
6. Provide the recommended clearance (no less than 5 feet) between the outermost extremities of adjacent pieces of equipment or between a wall and a piece of equipment as indicated on drawings.
7. When equipment is not serviceable while standing on the floor, provide service platforms with suitable access.  Provide chain operator and chain for valves located at a height of 6’6” or more above the operating floor or platform.
8. Provide ladders, catwalks, and hatches for accessing and removing equipment.
9. Provide lifting lugs, monorails, or bridge cranes for removing pumps, motors, heat exchangers and fans.
10. Provide drain pit sufficiently sized to accommodate a portable submersible pump for cleanout of sumps.
11. Locate piping so it does not create a hazard to workers or prevent access to equipment.  Headers shall be located approximately as indicated on drawings.
12. Verify that equipment can be rigged into final locations and replaced in the future.  Clearance for largest components is acceptable if removing the assembled unit is not feasible.  Where a standby unit is required, replacing one unit should not require shutting down the standby unit for access or removal.
13. To permit liquids to drain, locate a capped manual valve at all the low points of every pipeline.  Drain valves shall be 2-inch gate valves.
14. Provide unions or flanges so piping can be easily assembled and disassembled at equipment.
15. When laying out piping, keep in mind the placement of anchor and expansion joints.  These must be shown on the drawings.  Acceptable means of pipe supports are as indicated on drawings.
16. Where possible, design sufficient flexibility into piping systems to allow for thermal expansion and contraction without using expansion joints.
17. Provide isolation shut-off valves so the systems can be serviced without major shutdown.
18. When existing systems will be modified or tied into, provide isolation valves to maintain existing system operation.
B. Codes and Standards

1.
Where these specifications or the technical standards specified herein do not define or otherwise establish the design criteria, grades of materials, class of workmanship or performance characteristics for the cooling tower furnished, such design criteria, grades, class or performance shall be equivalent to industry standards.

2.
The work shall be done in accordance with the latest issues, in effect as of the contract date, of applicable published specifications, standards, tests, or recommended methods of the following organizations:

a) American Society of Heating, Refrigerating and Air Conditioning Engineers (ASHRAE)

b) American National Standards Institute (ANSI)

c) Air‑Conditioning and Refrigeration Institute (ARI)

d) American Society of Mechanical Engineers (ASME)

e) American Society for Testing and Materials (ASTM)

f) Cooling Tower Institute (CTI)

g) Hydraulic Institute (HI)

h) National Electrical Manufacturers' Association (NEMA)

i) National Fire Protection Association (NFPA)

j) Occupational Safety and Health Administration Regulations (OSHA)

k) Underwriters' Laboratories, Inc (UL)

A. Cooling Tower

1. General

Cooling towers enclosure shall be constructed of reinforced concrete. A total of eight cells will be arranged in two rolls with four cells in each roll. A pump house and pump sump will be located between the two cooling tower rolls. The installation shall include provisions to install one additional cell in the future.  See arrangement drawings.  

2. Design Conditions

a. Thermal Performance (Rated Condition):

(1) Number of cells:
8

(2) Water flow (GPM) per cell:
4,600 GPM

(3) Warm water temperature:
99 Deg F 

(4) Cold water temperature:
85 Deg F 

(5) Water temperature range:
14 Deg F

(6) Ambient wet bulb temperature:
78 Deg F

(7) Altitude
Sea Level 

(8) Drift loss
0.003% maximum

(9) Prevailing wind direction
Obtain from National Weather Bureau 

b. The water distribution piping in each cooling tower cell shall be designed to allow water flow to vary from 50% to 115% of the rated condition:

(1) At 115% water flow rate (5,290 GPM), the total thermal duty (heat transfer rate in Btu/hr) shall remain the same as the rated condition.

(2) At 50% water flow rate (2,300 GPM), the thermal duty will be at 50% of the rated condition, i.e. the temperature range remains to be 14 F.

c. Plume Abatement

(1) Plume abatement shall be accomplished by means of heating coils in cooling tower dry section utilizing warm water as the heating media. No external heat source shall be required. Vendor shall calculate the warm water temperature for the plume abatement design conditions listed below. 

(2) Cooling towers shall be free of visible plume at the exit of cooling tower discharge stack under the following conditions:

(a) Cooling tower is under full load of 14 OF water temperature range; 

(b) Ambient temperature is at or above 50 F dry bulb and relative humidity is at or below 97%.

(c) Include safety factor (pinch point at maximum 97% of relative humidity).

(3) Alternate design for plume fee condition:

(a) Cooling tower is under full load of 14 OF water temperature range; 

(b) Ambient temperature is at or above 50 F dry bulb and relative humidity is at or below 95%.

(c) Include safety factor (pinch point at maximum 97% of relative humidity).

3. The Manufacturer shall certify the cooling tower performance taking into consideration the proximity the 2 rows cells,  when operated under conditions of this specification, Paragraph 5.04.C.1. above when there is no prevailing wind.  Performance of the tower to be rated based on an air inlet opening on (1) one side only.  The above performance shall be produced without exceeding a total fan input to the cell or brake horsepower including speed reducer losses and inlet and outlet sound attenuation.  For the purpose of performance certification the cooling tower make-up water shall be assumed entering the cooling tower basin at not less than  85 deg F.
4. The Manufacturer shall make any and all changes, modifications and adjustments to the cooling tower in order that said cooling tower shall fully comply with the performance requirements specified under Paragraph 5.04.C.1. above and the sound design criteria specified under Paragraph 5.04.C.2 when tested in accordance with the requirements of the specifications.  All such changes, modifications and adjustments, shall be subject to review by the Engineer and shall be made without cost to the Owner.
5. Full compliance of the cooling tower with the requirements of this section shall be precedent to the final acceptance of the work.
1. Sound Design Criteria

a) Manufacturer shall submit sound criteria for full speed, full flow conditions at 5 ft.
Octave Band Center

Sound Pressure Level

Frequency (Hz)     

@ 5 Feet in dB re. 20mPA
      63

    125

Provide sound pressure levels
    250

with the proposal
    500

  1,000

  2,000

  4,000

  8,000

 A-WT (dBa)


85 (at air intake)



b) All sound measurements shall be conducted by the Owner’s Acoustical Consultant.
c) Sound measurements shall be conducted at locations selected by the Owner’s Acoustical Consultant.  Measurements shall be conducted with the cooling tower operating under full load or as near full load as actual load conditions will provide.  Time of sound measurements shall be such that the ambient noise level will not significantly influence the noise level related to the operation of the cooling tower.  Ambient noise levels in the specified octave band frequencies shall also be recorded at each selected measurement location.  The sound pressure level in any one octave band can exceed the specified level as long s the overall dB (A) noise level is not exceeded by 3 dB or less.
d) The cooling tower fan,  gearbox speed reducer, shafts, motors, or other parts or combination of parts shall not emit a pure tone sound audible at the adjacent building.  For purposes of this specification a pure tone sound is said to exist when the sound pressure level in dB re 20 mPa, measured in one-third octave bands as defined in the "American National Standards Institute Specification for Octave and Fractional-Octave Band Analog and digital Filters" ANSI S1.11-1986, of one-third octave band is three (3) dB higher than the two adjacent one-third octave bands.
2. Plume Abatement Performance Testing
3. Thermal Performance Testing

a) Performance tests shall be conducted by an Independent Testing Agency, Certified by CTI and hired by _______.  The test on the cooling tower will be performed in accordance with the Cooling Tower Institute (CTI) test for Atmospheric Water Cooling Equipment at the site(CTI ATC-105), to prove compliance with the performance certification specified in Section  5.04.C.1.a of these specifications.
b) During the test, design water flow will be provided to the new tower cell(s) under test.
c) Input power to the cooling tower fan motors will be measured with calibrated industrial type motor analyzer by the testing vendor and the results will be adjusted to reflect the motor efficiency from motor manufacturer's test curves supplied by the Contractor.
d) Instruments for measuring hot and cold water temperatures, flow, kw, dry and wet bulb temperatures, air flows, wind velocities and other measurements required for the cooling tower test shall be in accordance with the CTI tolerances.  All instruments shall be new and laboratory calibrated and so certified.
e) The manufacturer shall provide engineer(s) to witness the performance test. 

f) Each test shall be conducted for as per CTI guidelines and will be witnessed by the Owner, Consulting Engineer’s representatives and manufacturer’s engineer.  Full agreement on test procedures , instrumentation, location of test readings and instruments must be obtained form the Engineer prior to testing.
g) Sound performance compliance test will be conducted by the Owner’s Acoustical Consultant.  Test will establish compliance or non-compliance with “Sound design criteria” as specified in Section 5.04.C.2.  In the event of non-compliance the Manufacturer’s responsibility for corrective measure shall be in accordance with the “Performance Certifications” required by Section 5.04.C.1.
B. Condenser Water Pumps

1. Performance Requirements

a) Specifications

i. Number of pumps:


6
ii. Pump capacity:



6750 GPM Each
iii. Voltage:




_________
iv. Efficiency:



_________
v. Pumps shall be of the non-overloading type.
vi. Each pump will be provided with Y-strainers in the discharge piping after each pump.
b) The manufacturer shall have and maintain a quality control system which will establish that all code and standard requirements including material, design, fabrication, examination, and inspection will be met.  The system shall also include provisions for satisfying any requirements of the manufacturer or user which exceed minimum code or standard requirements.
c) The pump manufacturer shall notify the Contractor not less than five (5) days prior to the date the pump will be ready for inspection or test.  Prior to any witnessed test, a preliminary test run and complete mechanical check shall be made before the arrival of the Contractor's inspector.  The Contractor shall notify the Engineer of the date scheduled for testing.
d) If dismantling is necessitated for reasons of malperformance, the initial test is unacceptable and re-test must be made after corrections are completed.
2. Performance Testing

a) The Contractor shall submit pump performance curves for approval in accordance with the Submittals Section of General Requirements.
b) Performance curves shall include the differential head, efficiency, water NPSH required and brake horsepower, expressed as functions of design capacity at the operating speed of the pump.  These curves shall extend for the full pumping range of the impeller furnished and shall indicate any applicable viscosity corrections.
c) The head-capacity curves for motor driven pumps shall also indicate the estimated performance of maximum and minimum diameter impellers.  All curves are to be clearly identified and submitted on an 8-1/2" x 11" sheet.
d) Each pump, unless otherwise specified, shall be performance tested in accordance with the procedure outlined in Section VIII of the Standards of the Hydraulic Institute-Centrifugal Pump Section.
C. Pump Sump

1. Pump sump shall be constructed of concrete per specifications in section IV, 4 (Structural). 

2. Pump sump shall consist of two compartments divided by a concrete wall equipped with a sluice gate.  Each half sump shall also have a drain pit located at the lowest point of the sump for cleanout.  The drain pit shall be accessible from the operating floor level by means of a hatch and ladder.
3. The pump sump will have an overflow which will overflow water away from the cooling towers and dispose of overflow to be determined.
4. Cooling tower basin will be divided into two cell units (4 total) with a sluice gate separating each drain sump from the pump sump.
5. All sluice gates shall be capable of water-tight operation with the maximum level of water on one side of the gate and no water on the other side of the gate.  Sluice gates shall be fully operational under these conditions.  All sluice gates shall be operable from the operating floor level.
6. The pump sump will be protected by either a mechanical or an electrical freeze protection device.
7. The pump sump design shall comply with the standards of the Hydraulic Institute.  The pump sump shall be designed to prevent vortex formation and air entrainment under all anticipated operating conditions.
D. Piping

1. Piping design shall be in accordance with ANSI B31.1 for the operating pressure and temperature as follows:
a) Condenser Water:
150 psig, 125 F

b) All other services:
150 psig, 100 F

2. Allowable flow for pipe sizes:

Water (gpm)

Pipe Size

Min. 

Max.

1"

5

9

2"

25

40

3"

60

110

4"

110

200

6"

300

500

8"

500

1,000

10"

1,000

2,000

12"

2,000

3,500

14"

3,500

5,500

16"

5,500

7,500

18"

7,500

9,000

20"

9,000

12,000

24"

12,000

16,000

30"

16,000

25,000

36”

25,000

42,000

E. Makeup Water

1. Cooling tower water make-up shall be connected to the existing city water supply indicated on the contract plans.
2. Determine water supply pressure in the plant and size water supply piping accordingly to all users.
3. Make-up water pump head shall be sized at a capacity of _____gpm for eight cooling tower cells, and considering the water supply pressure in the plant.
F. Water Treatment

1. Provide a new condenser water treatment system, as indicated on the drawings, to maintain the following system parameters.

2. Organic Corrosion and Scale Inhibitor:
5 to 10 mg/L as Molybdate

3. Biocides for Control of Biological Organisms:
Zero organic growths

4. Alkalinity (pH Control):
7.5 to 9.0 pH

5. Cycles of Concentration:
4 minimum; 8 maximum

6. Determine actual cycles of concentration from analysis of the make-up water.

7. Cooling tower blowdown shall be controlled automatically by condenser water conductivity.

8. Provide water meters to measure cooling tower make-up and cooling tower blowdown flows.

G. Ventilation

1. Provide a ventilation system in the pump house complete with supply and exhaust fans, ducts, louvers, motorized dampers, etc.

2. Ventilation rate: In accordance with local building code; and based on equipment heat release at maximum 15 F temperature rise, whichever is greater.

3. Provide exhaust grilles in the vicinity of the point of heat release.

4. Provide unit heaters for the space heating requirements in the pump house.

5. Provide ventilation for new electrical equipment room.

H. Plumbing

1. Provide floor drains near pumps.  Connect drains to existing plant drain system.

2. Provide hose bibs near the pumps, water treatment area, and cooling towers.

3. Provide a quick fill connection for the condenser water system in the plant.

I. Fire Protection

1. Provide a fire protection system for the pump house which complies with all applicable local and NFPA codes and standards.

2. Connect to existing sprinkler system in the plant as indicated on the drawings.

J. Rigging

1. Inspect site conditions for rigging of cooling tower components, pumps, piping, materials, etc. at the location of the new cooling towers and into the existing plant.

2. Submit rigging plan for all equipment.

4.01 Electrical

A. General

B. Codes and Standards

C. Drawings

D. Calculations

E. High Voltage Power Distribution

F. 480V and 120V Power Distribution

G. Motor Protection and Control

H. Motors

I. Lighting

J. Fire Alarm System

4.02 Controls

A. General

B. Cooling Tower

1. A PLC will be provided to locally control the cooling towers, pumps, and auxiliary cooling tower systems.
2. The PLC will be enclosed in an outdoor NEMA cabinet and mounted in the location indicated on the controls plan.
3. The PLC will be compatible with the existing control system at the plant.
4. The PLC will have a minimum of 15% spare accessible points for future upgrades.
5. The PLC will be capable of stand-alone operation in the event of a communications failure.
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