SPECIAL SPECIFICATION

SECTION 15950S

TESTING, ADJUSTING, AND BALANCING

PART 1 - GENERAL

1.01 SECTION INCLUDES

A.

B.

Tedting, adjugting, and baancing of mechanica and plumbing systems.

Sedlect a qudified, independent technica baancing firm and/or |aboratory to provide
balancing, testing and adjusting services.

1. These sarviceswill be paid for by the Contractor.

2. The responghilities of the balancing firm and the services to be provided are included
herein for information and guidance to the Contractor.

Perform the baancing, testing and adjusting services with Associated Air Balance Council
(AABC) certified personnel or employ a qudified, independent, technica balancing firm
and/or |aboratory .|

Each section of Divison 15 - Mechanicd that has products or systems listed herein
incorporate this section by reference and is incomplete without the required tests stated
herein.

Coordinate with the commissoning specifications in Section 01710s and 01715S, which
apply with this specification.

1.02 REFERENCES

A.

B.

C.

AABC - Nationd Standards for Field Measurement and Instrumentation, Total System
Balance,

ASHRAE - 1984 Systems Handbook: Chapter 37, Testing, Adjusting and Baancing.

NFPA 12A - Hdon 1301 Fire Extinguishing Systems.

1.03 SUBMITTALS

A.

Test Reports,
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Submit test report formsfor review minimum 90 days prior to requesting find review by
AE.

Furnish six individudly bound copies of test data. Nestly typeand arrangedata. Include
with thedatathe datetested, personnd present, westher conditions, nameplate record of
test instrument and list al measurementstaken, both prior to and after any correctionsare
made to the system. Record dl failuresand corrective action taken to remedy incorrect
gtuation.

A/Ewill retain onecopy. Remaining copieswill bereturned for inclusonin operation and
maintenance manuals.

Prior to commencing work, submit draft reports indicating adjusting, baancing and
equipment data required.

Submit draft copies of report for review prior to find acceptance of project. Provide
find copiesfor A/E and for incluson in operating and maintenance manuds.

B. Indude a sat of reduced drawings with air outlets and equipment identified to correspond
with data sheets and indicating thermostat locations.

1.04 AIRSYSTEM BALANCING

A. Quality Assurance

1

Company specidizing in the testing, adjusting and balancing of systems specified with a
minimum of five years of documented experience and a member in good standing,

certified to perform services, of the AABC. Performwork under supervision of AABC
Certified Test and Balance Enginesr.

Perform total system balance in accordance with AABC Nationa Standards for Field
Measurement and Instrumentation, Total System Balance,

B. Genea:

1

Conform to the specifications which include, but are not limited to, the following:
a. Air and water flows balanced to specified quantities.

b. Temperaure regulation verification by hourly readings for three consecutive eight-
hour days.

c. Threeingpections within 90 days of occupancy for temperature verification.
d. Opposite season adjustment of systems.
Provide sufficient funds in project cost estimate and bid proposa to cover dl work

required for the testing, balancing and adjusting as determined by the badancing firm
and/or laboratory.

Tedting, Adjusting and Baancing
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3. Complete the ingdlation and operate al systems to ensure they are operating in
accordance with the requirements of these specifications and drawings, and perform dl
other items as described hereinafter to assst e bdancing firm in performing the
balancing, testing and adjugting of the systems. Theitemsinclude, but are not be limited

to, the following:
a. Air Didribution Sysems.

(1)

@)

3)

(4)

)

Veify indalation of al supply, return and exhaust ducts for conformity to
design.

Verify dl volume, splitter, extractor and fire dampersare properly located and
functiond. Provide tight damper closure and full opening, smooth and free
operation.

Air supply, return, exhaus, trandfer grilles, registers, diffusersand termind units
ingalled and operationd.

Blank and/or sedl air handling systems, units and associates gpparatus, such as
heating and cooling coils, filter sections, access doors, etc., to diminate
excessve bypass or leskage of air.

All fans (supply, return, reief and exhaust) operating and verified for freedom
from vibration, proper fan rotation and belt tension; correct overload heater
elements; and clean filtersingaled.

b. Water Circulating Systems:

(1)
@)
3)

(4)
)

(6)

Check and verify pump dignment and rotation.
Clean water systems and drainers by circulation for norma operation.

Check each pump motor amperage and voltage to ensure readings do not
exceed nameplate rating.

Verify dectricad overload heater eements to be of proper size and ratings.

Fill al water arculating systems and verify they are free of ar and al vents
indaled at high points of systems.

Check and set operating temperatures of heet exchangersto design conditions.

c. Automatic Controls.

(1)

@)

Verify that al control components are ingtaled in accordance with project
requirements, including all dectrica interlocks, damper sequencear and water
resets, fire and freezestats. Stroke al controls through the full range.

Cdibrate dl contralling instruments and set for the design conditions.

d. Cooperate with the balancing firm to provide al necessary data on the design and
proper gpplication of the sysem components and furnish al labor and materia

Tedting, Adjusting and Baancing
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f.

required to iminate any deficiencies. Ligt dl motors, nameplate data and size of
overload heater ingtalled. Record motor amperage during operation.

The drawings and gpecifications indicate vaves, dampers, sheaves, and
miscellaneous adj ustment devi ces required to obtain optimum operating conditionsto
verify that dl adjustment devices are accessible and readily adjustable.

Accuratdly record actud locations of balancing valves and rough setting.

C. Sequencing and Scheduling:

1. Sequence work to commence after completion of systems and prior to substantia
completion of project.

2. Schedule and provide assstance in find adjustment and test of life safety, smoke
evacuation and smoke control systems, with proper authorities having jurisdiction.

D. Submit reports on AABC Nationd Standards for Total System Balance forms and include
the following information:

1. TitlePage

a

b.

C.

Company name.

Company address.
Company telephone number.
Project name.

Project location.

Project A/E.

Project Contractor.

Project dtitude.

2. Air Moving Equipment:

a

b.

C.

Location.

Manufacturer.

Model.

Air flow, specified and actud.
Return air flow, specified and actud.

Outsde air flow, specified and actual.
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J-

Totd datic pressure (totd externd), specified and actudl.

Inlet pressure.
Discharge pressure.

Fan rotations per minute.

3. Exhaust Fan and Exhaust Scrubber Systems (Acid and Ammonia) Data:

a

b.

C.

Location.

Manufacturer.

Modd.

Air flow, specified and actud.

Totd datic pressure (totd externd), specified and actudl.

Inlet pressure.
Discharge pressure.
Fan rotations per minute.

Acid/Ammonia Scrubber

4. Return Air/Outsde Air Data:

a

b.

Issue Date: December 9, 2002

| dentification/location.

Design ar flow.

Actud air flow.

Design return air flow.

Actud return air flow.

Design outside air flow.
Actud outsde air flow.
Return air temperature.
Outsde air temperature.
Required mixed air temperature.
Actua mixed air temperature.

Design outside/return air ratio.

15950S - 5
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m. Actud outsdelreturn air retio.
5. Electric Motors.
a Manufacturer.
b. HP/BHP.
c. Phase, voltage, amperage; nameplate, actua, no load.
d. Rotations per minute.
e. Servicefactor.
f. Starter 9ze, rating, heater dements.
0. Exercise darters through its entire operating sequence.
h. Voltage
6. V-BdtDrive
a |dentificatior/location.
b. Required driven rotations per minute.
c. Driven sheave, diameter and rotations per minute.
d. Bdt, szeand quartity.
e. Motor sheave, diameter and rotations per minute.
f.  Center-to-center disance, maximum, minimum and actud.
7. Duct Traverse:
a. System zone/branch.
Duct sze.
c. Area
d. Design veocity.
e. Desgnair flow.
f. Test vdocity.
g Tedar flow.
h. Duct static pressure.
i. Air temperature.

Tedting, Adjusting and Baancing
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J-

Air correction factor.

8. Air Monitoring Sation Data

a

b.

C.

0.
h.

| dentification/location.
Sysem.

Size.

Area

Design velocity.
Design ar flow.

Test velocity.

Tes air flow.

9. Air Digribution Tet Shedt:

a

b.

J-

Air termina number.
Room number/location.
Termind type.

Termind Sze.
Areafactor.

Design velocity.

Design ar flow.

Test (find) velocity.

Test (final) ar flow.
Percent of design air flow.

10. Termind Unit Data

a

b.

Manufacturer.

Type, congtant, variable, single, dua duct.

| dentification/number.
Location.
Modd.
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j.

K.

Sze

Minimum getic pressure.

Minimum design air flow.

Maximum static pressure.
Maximum design air flow.

Inlet satic pressure.

11. Induction Unit Data:

a

b.

Manufacturer.

| dentification/number.
Location.

Model.

Sze

Design ar flow.

Design nozzle pressure drop.
Final nozzle pressure drop.

Find ar flow.

12. Pump Data

a

b.

C.

| dentification/number.
Manufacturer.
Sze/modd.

Impeller.
Service.

Design flow rate, pressure drop, BHP.

Actud flow rate, pressure drop, BHP.
Discharge pressure.
Suction pressure.

Tota operating head pressure.
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K.

Shut off, discharge and suction pressure.
Shut off, total head pressure.

13. Cooling Tower:

a

Tower identification/number.

b. Manufacturer.

J-

K.

Model.

Rated capacity.

Entering air WB temperature, specified and actual.
Leaving air WB temperature, Specified and actud.
Ambient air DB temperature.

Condenser water entering temperature.
Condenser water leaving temperature.

Condenser water flow rate.

Fan rotations per minute.

14. Chemica Water Treatment: Certify that chemicd trestment systems are acceptable and
meet requirements of loca ordinances.

15. Chillers

a

| dentification/number.

b. Manufacturer.

Cepecity.

Modd.

Evaporator entering water temperature, design and actud.
Evaporator leaving water temperature, design and actud.
Evaporator pressure drop, design and actual.

Evaporator water flow rate, design and actua.

Condenser entering water temperature, design and actud.

Condenser leaving water temperature, design and actud.

Tedting, Adjusting and Baancing
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k. Condenser pressure drop, design and actual.

|.  Condenser water flow rate, design and actual.

m. Review the ingalation of the water chilling units, and provide a written report that
related work is satisfactory for proper operation and performance of chiller. Verify
proper ingalation of the following:

1)

2
3)
(4)
()
(6)

()

(8)

9

(10)
(11)
(12)
(13)
(14)
(15)

(16)

7)

Piping connections including provisions for disconnecting and servicing of
chiller.

Rdief pipe, induding dirt trgp and flexible connection.

Tap in condenser lines for acid cleaning.

Isolation of chilled water and condenser water piping connectionsto chiller.
Necessary baancing vavesin weater piping.

Pipe strainers to protect chiller components and controls including pumps,
automatic modulating valves and pneumétic controls.

Pipe supporting and bracing independent of chiller to prevent transfer of pipe
stresses to chiller components.

Flow switches or pressure differentia switches properly ingdled in horizontd
piping near the chiller.

Manometer ingtallation to indicate pressure drops.

All miscdllaneous piping, including il cooler.

Vibration and noise provisons.

Ambient room conditions.

Wiring of flow switches or pressure differentia switcheswith chiller interlock.
Pressure gages and thermometers.

Electricd wiring to compressor motor controller (Divison 16) with
interconnecting wiring to chiller control pand and unit motors from line

disconnects.

Electrica wiring of oil pump/starter, refrigeration transfer compressor/starter
and controls.

Electricd wiring of condenser water and chilled water pump darters with
chiller interlock.

16. Heat Exchanger:

a.  ldentification/number.

Tedting, Adjusting and Baancing
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m.

n

Location.

Service.

Manufacturer.

Model.

Steam pressure, design and actud.

Primary water entering temperature, design and actud.
Primary water leaving temperature, design and actud.
Primary water flow, design and actudl.

Primary water pressure drop, design and actud.
Secondary water entering temperature, design and actual.
Secondary water leaving temperature, design and actudl.
Secondary water flow, design and actud.

Secondary water pressure drop, design and actual.

17. Cooling Coil Data:

m.

| dentification/number.

Location.

Service.

Manufacturer.

Air flow, design and actud.

Entering air DB temperature, design and actudl.
Entering air WB temperature, design and actud.
Leaving air DB temperature, design and actud.
Leaving air WB temperature, design and actud.
Water flow, design and actual.

Water pressure drop, design and actual.
Entering water temperature, design and actud.

Leaving water temperature, design and actud.

Tedting, Adjusting and Baancing
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n

Air pressure drop, design and actud.

18. Heating Coil Data:

a
b.

C.

| dentification/number.
Location.

Service.

Manufacturer.

Air flow, design and actud.

Water flow, design and actual.

Water pressure drop, design and actud.

Entering water or steam temperature, design and actual.

Leaving water temperature, design and actud.
Entering air temperature, design and actudl.

Leaving air temperature, design and actud.

Air pressure drop, design and actud.

19. Fow Measuring Station:

a

| dentification/station.

b. Location.

J-

Sze

Manufacturer.

Model.

Dedgn flow rate.

Design pressure drop.
Actud/find pressure drop.
Actud/find flow rete.
Station cdibrated stting.

20. Sound Leve Report:

a

Location.
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b. Octave bands - equipment off.
c. Octave bands - equipment on.
21. Vibration Tedts
a Location of Points:
(1) Fanbearing, drive end.
(2) Fan bearing, opposite end.
(3) Motor bearing, center (if gpplicable).
(4) Motor bearing, drive end.
(5) Motor bearing, opposite end.
(6) Casing (bottom or top).
(7) Casing(dde).
(8) Duct after flexible connection (discharge).
(9) Duct after flexible connection (suction).
b. Test Readings
(1) Horizonta, velocity and displacement.
(2) Veticd, velocity and displacement.
(3) Axid, veocity and digplacement.

o

Normaly acceptable readings, velocity and acceleration.
d. Unusud conditions at time of test.
e. Vibration source (if non-complying).
22. Duct Lesk Test:
a. Description of ductwork under test.
b. Duct design operating pressure.
c. Duct design test gtatic pressure.
d. Duct capacity, air flow.
e. Maximum alowable leskage duct capacity times leak factor.
f. Test Apparatus.

Tedting, Adjusting and Baancing
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0.
h.

23. Bailers

a

b.

C.

e

—h

2 @

1)
2
3)
(4)

Blower.
Orifice, tube size.
Orificedze.

Cdlibrated.

Test dtatic pressure.

Tedt orifice differentid pressure.

1)

Leakage.

| dentifi cation/Number

Manufacturer

Capacity
Model

Entering water temperature, design, and actua

Leaving water temperature, design, and actua

Boiler pressure drop, design, and actua

Boiler water flow rate, design, and actua

Review the ingtdlation of the boilers, and provide awritten report that related work
is satisfactory for proper operation and performance of boiler. Verify proper
ingdlaion of the following:

1)

2
3)
(4)
()

(6)

()

Piping and connectionsincluding provisionsfor disconnecting and servicing of
boiler.

Relief pipe, including dirt trap, and flexible connection.
Isolation of heating water and connections to boiler.
Necessary baancing vavesin weater piping.

Pipe strainersto protect componentsand controlsincluding pumps, automeatic
modulating vaves and pneumétic controls.

Pipe supporting and bracing independent of boiler to prevent transfer of pipe
stresses to boiler components.

Flow switches or pressure differentia switches properly ingtdled in horizontd
piping near the boiler.

Tedting, Adjusting and Baancing
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(8) Manometer ingalation to indicate pressure drop.

(90 All miscdlaneous piping

(10) Vibration and noise provisons

(11) Ambient room conditions.

(12) Wiring of flow switches or pressure differentia switches.
(13) Pressure gages and thermometers.

(14) Electricd wiring to fan motor (Divison 16) with interconnecting wiring to
control pand.

24. Boiler Combustion Test: In accordance with ASTM PTC 4.1. Include the following:
a Boiler manufacturer.
b. Modd.
c. Fringrate.
d. Ovefiredraft.
e. Gasmeer timing did sze.
f.  Gas meter time per revolution.
g. Gas pressure a meter outlet.
h. Gasflow rate.
i. Heat input.
j.  Burner manifold gas pressure.
k. Percent carbon monoxide (CO).
|.  Percent carbon dioxide (CO,).
m. Percent oxygen (O,).
n. Percent excessair.
0. Flue gastemperature at outlet.
p. Ambient temperature.
g. Net stack temperature.

r. Percent stack loss.

Tedting, Adjusting and Baancing
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s.  Percent combustion efficiency.
t. Heat output.
1.05 PLUMBING SYSTEM

A.  Submit plumbing system to operationa teststo demonstrate satisfactory operation. Include
the following information:

1. TitlePage

a.  Company name.

b. Company address.

c. Company telephone number.

d. Project name.

e. Project location.

f.  Project A/E.

g. Project Contractor.

Time date and duration of test for each system.
Water pressures at the most remote and highest fixtures.
Operation of each fixture and fixture trim.

Operation of each vave, hydrant and faucet.

Pump suction and discharge pressures.

Temperature of each domestic hot water supply.
Operation of each floor drain by flooding with water.

© © N o o c w b

Operation of each vacuum breaker and backflow preventer.
10. Piping systems. Test results of al pressure tests.
11. Pumps Fedd check dignment of dl couplings and pump vibration.

PART 2 - PRODUCTS

Not used.

Tedting, Adjusting and Baancing
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PART 3 - EXECUTION

3.01 PREPARATION

A.  Furnish proposed test procedures, recording forms, list of personnel and test equipment for
A/E review.

Follow recommended procedures for testing as published by test equipment manufacturer.

C. Provide ingruments required for testing, adjusting and baancing operations. Make
ingdruments available to A/E to facilitate spot checks during testing.

D. Provide any additiond baancing devices required for complete system baancing.

3.02 AIRSYSTEM BALANCING

A. Before commencing work, verify that sysems are complete and operable.  Ensure the
fallowing:

1

2
3.
4

© © N o O

10.
11.
12.
13.
14.
15.
16.

Equipment is operable and in a safe and norma condition.

. Temperature control systems are ingtalled complete and operable.

Proper thermal overload protection isin place for eectrica equipment.

. Find filtersareclean andin place. If required, ingtal temporary mediain additiontofind

filters

Duct systems are clean of debris.

Correct fan rotation.

Fire and volume dampers are in place and open.

Cail fins have been cleaned and combed.

Access doors are closed and duct end caps are in place.
Air outlets are ingtdled and operable.

Duct system leskage has been minimized.

Hydronic systems have been flushed, filled and vented.
Correct pump rotation.

Proper strainer baskets are clean and in place.

Service and balance valves are open.

Report any defects or deficiencies noted during performance of servicesto A/E.

Tedting, Adjusting and Baancing

Issue Date: December 9, 2002 15950S - 17



17.

18.
19.

Promptly report abnormal conditionsin mechanica systemsor conditionswhich prevent
system baance.

Beginning of work means acceptance of exigting conditions.

Pretest componentsin the VFD. Provide factory certification of testing theentire VFD
with varying induction motor loads for 24 hours prior to shipment.

B. Inddlation Tolerances:

1

2.

Adjugt ar handling systems to scheduled vaues plus or minus 5 percent for supply
systems and plus or minus 10 percent for return and exhaust systems.

Adjust hydronic systemsto plus or minus 10 percent of design conditions indicated.

C. Test Procedures:

1

10.

11.

Adjugt air handling and digtribution systemsto provide design supply, return, and exhaust
ar gquantities.

Make air quantity measurementsin ducts by pitot tube traverse of entire cross sectiona
area of duct.

Measure air quantities at air inlets and outlets.

Adjust digtribution system to obtain uniform space temperatures free from objectionable
drafts and noise.

Use volume control devicesto regulate air quantities only to extent that adjustments do
not create objectionable air motion or sound levels. Control volume by interna duct
devices such as dampers and splitters.

Vay totd system air quantities by adjustment of sheaves. Provide drive changes
required. Vary branch air quantities by damper regulation.

Provide system schematic with required and actual air quantities recorded at each outlet
or inlet.

Messure gatic air pressure conditionson air supply units, including filter and coll pressure
drops, and total pressure across the fan. Make alowances for 50 percent loading of
filters

Adjust outside air automatic dampers, outside air, return air, and exhaust dampers for
design conditions.

Measure temperature conditions across outside air, return air, and exhaust dampers to
check leakage.

Where modulating dampers are provided, take measurements and balance at extreme

conditions. Baance variable volume systems a maximum air flow rate, full cooling, and
a minimum air flow rate, full hegting.

Tedting, Adjusting and Baancing
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12.

13.

14.

15.

16.
17.

18.
19.
20.

21.

22.

23.

24,

25.

26.

Measure building gtatic pressure and adjust supply, return, and exhaust air systems to
provide required relationship between each to maintain approximately 0.05 inches
positive static pressure near the building entries.

Check multi-zone units for motorized damper leskage. Adjust air quantitieswith mixing
dampers st fird for cooling, then heating, then modulating.

For varidblear volume system fan powered units, set volume controller to air flow setting
indicated. Confirm connections properly made and confirm proper operation for
autométic variable air volume temperature control.

Test run fan/motor combinations, volume dampers and controls. Check sequence of
operation and air flow limits at factory prior to shipment and submit test reports.

Base performance on tests conducted in accordance with ADC 1062.

Check that autometic flow controller is capable of maintaining air flow to within 5 percent
of set point with inlet static pressure variations up to 2 inches.

Maximum Casing Leskage: 2 percent of design air flow at rated inlet static pressure.
Maximum Damper Leskage: 2 percent of design air flow at inlet static pressure.

Set volume with damper operator atached to assembly alowing modulation from 100
percent of design flow to 20 percent design flow. Set units with hegting coils for
minimum 35 percent design flow.

Provide record data that represents actually measured, or observed condition.

Permanently mark settings of vaves, dampers, and other adjustment devices alowing
settings to be restored. Set and lock memory stops.

After adjustment, take measurements to verify balance has not been disrupted or that
such disruption has been rectified.

L eave systemsin proper working order, replace adjustable sheaves with permanent fixed
position sheaves, replace belt guards, closing access doors, closing doorsto electrica
switch boxes, and restoring thermogtats to specified settings.

At find ingpection, recheck random sdlections of data recorded in report. Recheck
points or areas as salected and witnessed by A/E.

Check and adjust systems for opposite season performance approximeately six months
after final acceptance and submit report.

3.03 HYDRONIC SYSTEM BALANCING

A. Adjust water systemsto provide required or design quantities.

B. Use calibrated \enturi tubes, orifices, or other metered fittings and pressure gages to
determineflow ratesfor sysem balance. Whereflow metering devicesarenot ingtdled, base
flow balance on temperature difference across various heat transfer dements in the system

Tedting, Adjusting and Baancing
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C. Adjust systemsto provide specified pressure dropsand flowsthrough heat transfer e ements
prior to thermd testing. Perform balancing by measurement of temperature differentid in
conjunction with air balancing.

D. Baance sysem with automatic control vaves fully open to heet trandfer dements.

E.  Adjust water digtribution systems by means of balancing cocks, vaves, and fittings. Do not
use service or shut-off valves for balancing unless indexed for baance point.

F.  Whereavailable pump capacity islessthantota flow requirementsor individud system parts,
full flow in one part may be amulated by temporary restriction of flow to other parts.

G. Pressuretest dl chilled, condenser & heating water piping prior to insulating. Test in place
with 175 pounds per squareinch hydrostatic test at thelow point. Maintain pressurewithout
pumping for two hours.

H.  Provideadl required pipe cleaning chemicas, chemica feed equipment, materias, and labor
necessary to clean and gterilize the piping as herein specified. 1n addition, permanently ingtall
necessary chemicd injection fittings complete with stop valves.

I.  After chilled weter, heating hot water, and condenser water piping have been pressuretested
and gpproved for tightness, thoroughly clean and flush asfollows:

1. After pressure testing is complete, drain the system until empty.

2. Add chemicd pipe cleaning compound Mogul C-641 to system simultaneoudy with the
filling of the system 0 that a minimum dosage of 50 pounds of compound per 1,000
gdlons of water is atained in the system.

3. Thedeaning compound shall then be circulated in the system for the recommended time
period, but in no case for less than 48 hours.

4. The system shdl then be drained until empty.

5. Fill the system again with fresh water and flush thoroughly until clean water is obtained.
Maintain continuous blow-down and make-up asrequired during flushing operation. A
srainer dement a end of drain hose shdl be utilized to confirm that discharge water is
free of foreign materid.

6. The deaning and flushing procedure shdl be gpproved in writing by the chemica
manufacturer. The chemica manufacturer's representative shal supervise and certify in
writing the deaning and flushing of the piping systems.

3.04 MECHANICAL EQUIPMENT

A. Cooling Tower:

1. Provide a thermd peformance test. Test cooling tower under actua operating
conditionsin accordancewith CTI ATC- 105 section on Testing and Bdancing. Provide
test by Cooling Tower Ingtitute, and factory representatives of the manufacturer and
witnessed by A/E.

Tedting, Adjusting and Baancing
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2.

If cooling tower is unable to deliver 100 percent therma performance, required
modifications will be made to the cooling tower congruction to achieve 100 percent
therma performance under actua operating conditions.

After modifications are complete, retest in accordance with CTI ATC-105.
Modifications to meet the required performance will not change the appearance of the
exterior of the structure.

Test under actua operating conditionsin accordancewith CT1 ATC-105, thesectionon
Tedting and Bdancing, and verify specified performance. The CTI test shal be by
factory representatives of the manufacturer and witnessed by A/E.

B. Chillas

1
2.
3.

Document all datain the test report.
Demondtrate system operations, and verify specified performance.

Except as otherwise indicated, start up chiller in accordance with chiller manufacturer's
ingructions.

Do not place chiller in sustained operation prior to initid baancing of the mechanica
systems affected by chiller operations.

Cooperate with other trades and ingtalers of other work during the testing, adjusting,
baancing and start- up of mechanica systems.

Complete the report preparation, and review the report on related work prior to chiller
start-up; do not start chiller until inadequiaci es have been corrected in manner acceptable
to chiller ingdler.

Include fidld capacity tests to verify the compliance of the ingaled equipment with the
Contract Documents. Providefactory trained representativethat isqudified to supervise
the testing operations, and to obtain test data required to enable the water chilling unit
manufacturer to certify the capacity of the units based on field tests. Conduct testsin
accordance with methods prescribed by ARI Standard 550- 88, with the exception that
test quality evaporator and condenser pressure gages may be used. Brush clean the
water Sdes of the condensers and evaporatorsimmediately prior to thetest. Assumethe
water sdefouling factor to be 0.00025 during thetest. Certify that the units can produce
at least the specified cooling capacity with a maximum kilowatt per ton input not to
exceed 105 percent of the specified vaue. Provide dl necessary instruments,
thermometers, gages, manometers, etc., required for the tests.

C. Rdrigeration System:

1

2.

Clean lines of scde, direct and foreign matter before making connections and purgewith
dry nitrogen to prevent oxidation during brazing.

After completion, pressurethe high and low pressure sdes of the piping system a thetest
pressures specified in ASHRAE 15 for therefrigerant typeto beused. Lesk test witha
bubble solution followed by aHalide torch test. Repair any leaks and repeat tests until
no further leaks are found and the system passes astatic leak test pressurefor aduration
of 24 hours.
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6.
7.

After the pressure tests are completed, exhaust the system including the coils by a
suitable vacuum pump connected to the liquid line. After 2.5 mm of mercury absolute
pressure is obtained, continue the evacuation for 72 hours. Check the vacuum by a
suitable mercury column gage.

After the dehydration of the system isthus completed, charge the system with refrigerant
and put into operation.

Follow the generd test guidelines of ASHRAE 15 for the tests of the refrigerant piping
sysem.

Tedt refrigeration system in accordance with ASME B31.5.

Provide written test report detailing methods, materias, and results.

3.05 HREPROTECTION

A. FireProtection System:

1

Hydrogtaticdly test dl fire protection piping in accordance with NFPA. Test dl
sandpipe fire protection and al sprinkler piping with 200 pounds per square inch
hydrogtatic test at the lowest level with pressure maintained without loss for two hours.

Submit certified laboratory performance test curves showing pump performance
characterigtics with pump and system operating point plotted. Include NPSH when
applicable.

Conduct a field acceptance test in accordance with NFPA 20. Provide notice to the
pump manufacturer's engineer and A/E <0 that they can be present during the field te<t.

Submit written report indicating the results of thetest, certified by those present that test
was performed and that system performance was acceptable.

Scheduletest to dlow A/E to witness. Givewritten notice of the date of test aminimum
of three working days in advance.

Upon completion of test, prepare Contractor's Material and Test Certificate and submit
to A/E. Furnish copiesto the authority having jurisdiction.

3.06 PLUMBING EQUIPMENT

A. Compressed Air System:

1

2.

Apply pressure to piping sysem equa to 1 and 1/2 times the operating pressure,
150 pounds per square inch-gage minimum, with oil freedry ar or gaseous nitrogen and
hold while testing al joints with a sogp solution. Repair dl lesks. Maintain pressurein
piping system for a period of 15 minutes.

With air compressor(s) activated and attached to piping system, record compressed air
readings a each compressor and at each outlet.
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3.

3. Provide sarvices of afactory trained representative for two consecutive days to
test, supervise pre-gart checkout, initidize start-up, place into operation and review
operating ingructions. Provide certification in writing that thiswork was accomplished.

B. Naturd Geas

1

Apply pressure equa to 1-1/2 times the operating pressure with 50 pounds per square
inch-gageasaminimum. Utilizeail freedry ar or gaseous nitrogen and hold pressurefor
one hour with no drop in pressure. Repair al lesks.

Record natura gas reading a entrance to building on main line with valves to equipment
shutoff. Reed each indicating instrument a 1/2 hour intervas for a period of four hours
and afind reading a the end of 24 hours.

C. Sanitary Wadte, Vent and Storm Drainage Sysems. Test systems throughout upon
completion of the rough work and without fixtures connected. Test underground lineswith
not lessthan 15 feet hydrogtatic head and proveleak freefor onehour. After sorm drainage
piping is complete, plug al openings, except tops of stacks, and fill system with weater and
prove lesk freefor one hour. Plug and test sanitary system by floors and prove lesk free for
one hour. Flush floor drains for proper operation.

D. Domedic Water System:

1

Tegt dl hot and cold water piping prior to being insulated. Test in placewith 125 pounds
per square inch hydrogtatic test at the low points and maintain pressure without pumping
for one hour.

Completdy flush water circulaing sysem with water with srainersremoved. Fll sysem
with water with srainer ingtaled and circulate weter for 48 hours minimumwith al inch
open bleed vaveor until bleed water isclear. After completingthisoperation, chemicaly
treat system, clean Strainer and open to central system.

Thoroughly flush dl domestic water piping and tanks and then treat and gterilize with
HTH or aliquid chlorine gas and water solution, or a direct chlorine gas placed in the
upstream Side in amounts to give adosage of 50 ppm chlorine caculated on the volume
of water the piping will contain. A minimum residua of 5 ppm chlorineshdl remainindl
partsof the system for aminimum of 24 hours. After serilizing, flushdl linesthoroughly.
The foregoing shdl be consdered minimum requirements. The Sterilization shdl bein
accordance with loca utility company requirements.

Under no circumstances shal the Contractor permit the use of any portion of the
domestic water systemn until it has been properly sterilized and certified same by theloca
water department.

Tedt results of disinfection of water piping system.

END OF SECTION
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