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SECTION 230593 – TESTING, ADJUSTING, AND BALANCING FOR HVAC
PART 1 -  GENERAL

1.1 SUMMARY

A. Related Documents:

1. Drawings and general provisions of the Subcontract apply to this Section.

2. Review these documents for coordination with additional requirements and information that apply to work under this Section.

B. Section Includes:

1. Component check.
2. System balancing.
3. Operating tests and training.
C. Related Sections:
1. Division 01, Section 010000, General Requirements.

2. Division 01, Section 013500, Special Procedures.

3. Division 23, Section 230913, Instrumentation and Control Devices for HVAC.
4. Division 25, Section 255000, Facilities Monitoring and Control System.
1.2 REFERENCES

A. General:

1. The following documents form part of the Specifications to the extent stated.  Where differences exist between codes and standards, the one affording the greatest protection shall apply.

2. Unless otherwise noted, the referenced standard edition is the current one at the time of commencement of the Work.

3. Refer to Division 01, Section 010000, General Requirements, for the list of applicable regulatory requirements.

4. Refer to Division 23, Section 230500, Common Results for HVAC, for codes and standards, and other general requirements.

B. American National Standards Institute (ANSI):
1. ANSI S12.1 Physical Measurement of Sound.
C. Associated Air Balance Council (AABC):
1. AABC 12173 National Standards for Field Measurements and Instrumentation — Total System Balance.
D. Cooling Tower Institute (CTI):
1. Bulletin CTI ATP-105 Acceptance Test Procedure for Industrial Water-Cooling Towers.
1.3 SUBMITTALS

A. Submit under provisions of Division 23, Section 230500, Common Results for HVAC, and Division 01, Section 010000, General Requirements.
B. Submit test, adjust, and balance (TAB) report.
C. LEED Submittals:

1. Air Balance Report for Prerequisite EQ 1:  Documentation of work performed for ASHRAE 62.1-2004, Section 7.2.2 - "Air Balancing."

2. TAB Report for Prerequisite EQ 1:  Documentation of work performed for ASHRAE/IESNA 90.1-2004, Section 6.7.2.3 - "System Balancing."

D. Balancing Organization:  Submit for University approval, the name of the balancing organization selected prior to commencing work.  Criteria for determining acceptable qualifications will be membership in AABC.  Please note that certification by NEBB is specifically NOT acceptable.

E. Testing and Balancing Report:  All test forms shall be standard 8-1/2 x 11-inch (A4 size), good-quality paper, bound to form a complete report.  All forms shall be computer printed, typewritten, or legibly hand lettered; hand-made forms are not acceptable.  Submit draft copies prior to final acceptance of the project.  Refer to Subsection 3.9, Balancing Report, for specific requirements.

1.4 QUALITY ASSURANCE

<On large projects, require that the balancing agency be independent of the air-conditioning installer.>
A. [Obtain the services of a qualified balancing organization to perform][Perform] testing, balancing, and component check at no additional cost to the University.[  The balancing agency shall be independent of the air-conditioning installer.]

B. Perform checks before testing and balancing.

C. Perform balancing in accordance with AABC 12173.
D. ASHRAE Compliance:  Applicable requirements in ASHRAE 62.1-2004, Section 7.2.2 - "Air Balancing."

E. ASHRAE/IESNA 90.1-2004 Compliance:  Applicable requirements in ASHRAE/IESNA 90.1-2004, Section 6.7.2.3 - "System Balancing."
PART 2 -  PRODUCTS
NOT USED
PART 3 -  EXECUTION

3.1 GENERAL PROCEDURES FOR TESTING AND BALANCING
A. Perform testing and balancing procedures on each system according to the procedures contained in [ASHRAE 111][AABC's "National Standards for Testing and Balancing Heating, Ventilating, and Air Conditioning Systems"][NEBB's "Procedural Standards for Testing, Adjusting, and Balancing of Environmental Systems"][SMACNA's TABB "HVAC Systems - Testing, Adjusting, and Balancing"] and this Section.
3.2 PREPARATION

A. [Ensure the balancing organization checks and reports][Check and report] defects or deficiencies that may affect balancing.

1. Provide sufficient time before completion date to complete balancing operations.

2. Provide immediate labor and tools to make corrections without delay.

3. Place heating, ventilating, and air-conditioning systems and equipment into full operation and continue operation for each working day of testing and balancing.

4. [Advise balancing organization of changes][Note changes] made to the system during construction.

5. Install required test holes complete with removable and replaceable plugs.

6. Make necessary revisions to controls, dampers, fan, and pump drives, and consult with equipment manufacturers as required to achieve the specified system’s performance.

7. Provide dampers as shown and where required to obtain final system balance.

8. Provide ladders, scaffolds, tools, and labor required to facilitate balancing, including removing ceiling tiles and guards, and adjusting pulleys and belts.  Reinstall and adjust all items when balancing is finished.

9. Coordinate balancing operations with controls system installation when setting damper linkages and minimum-outside-air dampers.  Readjust dampers and improperly calibrated controls as required, in accordance with [Division 23, Section 230943, Pneumatic Control for HVAC Systems.][Division 25, Section 255000, Facilities Monitoring and Control System.]
10. Set pressure-regulating and reducing valves to operating conditions.

11. Check and set relief and safety valves to specified requirements.

12. Clean strainers.  Check air filters immediately prior to air balancing.

13. Open fire dampers.

14. Change variable-pitch pulleys supplied on 20 hp (15 kW) motors and larger, to fixed pulleys after the air balance is completed.  Provide such pulleys.

B. Install at each piece of mechanical equipment a “Data Register” showing significant operating temperatures, pressures, amperes, voltage, brake power.  Enclose the “Data Register” in a plastic holder securely attached to the equipment, or to an adjacent wall.

3.3 COMPONENT CHECK PRIOR TO BALANCING

<On large projects or important components, require that each component check be witnessed by the University.>
A. Check all components such as fans, pumps, boilers, chillers, unitary equipment, and like items, prior to system balancing.[  Notify the University 24 hours in advance to secure University Representative to witness the checks.]

B. Check all equipment according to the manufacturer’s instructions and the following checklist:

1. Pre-Startup Inspection:

a. Verify proper equipment mounting and setting.

b. Verify that control, interlock, and power wiring is complete.

c. Verify alignment of motors and drives.

d. Verify proper piping connections and accessories.

e. Verify that lubrication is completed.

2. First Run Observations:

a. Verify direction of rotation.

b. Verify setting of safety controls.

c. Monitor heat buildup in bearings.

d. Check motor loads against nameplate.

3. Equipment Check:

a. Verify proper overload heater sizes.

b. Verify function of safety and operating controls.

c. Verify proper operation of equipment.

d. Report on inspection, observation, and checking procedures.

C. Check all subsystems prior to system balancing according to the following checklist, where applicable:

1. Air distribution products installation is completed.

2. Filter installation is completed.

3. Instrumentation installation is completed.

4. Hydronic systems have been cleaned and filled with heat transfer fluid.

5. Refrigeration systems have been leak tested, evacuated, and filled with refrigerant and fresh oil.

6. Equipment check completed.

7. Stuffing boxes and packing glands on pumps and valves have been adjusted.

8. Rotation of electric motor and ratings of overload heaters have been verified.

9. Rotating equipment has been aligned and belt drive tension has been adjusted.

10. Control diagrams and sequences have been corrected to “as-built.”

11. Safety and operating control set-points are as designed and automatic control sequences have been checked.

12. Installation has been cleaned-up and temporary coverings, stickers, and tags removed.

13. Painted finishes have been touched-up where damaged.

14. Equipment and piping identification work has been completed with valve tags, schedules, and piping identification system.

15. Fins on extended-surface heat-transfer coils have been combed out where damaged.

16. One set of operating and maintenance manuals has been prepared especially for use by testing and balancing technicians.

17. Building operating and maintenance personnel have been instructed in all aspects of system operation and maintenance.

18. Graphic operational data such as start/stop instructions, valve tag schedules, and piping identification schedules have been provided where needed.

19. Water treatment program has been implemented, with initial qualitative testing of fluids in systems and domestic water supply, check of chemical feeder equipment, and instructions to chemical supplier as to results desired.

3.4 AIR-SYSTEM BALANCE PROCEDURE

A. Execute air systems balancing for each air system in accordance with AABC specifications and as described herein.

B. Make tests with supply, return, and exhaust systems operating and doors and windows closed, or in their normal operation condition.

C. Test and adjust blower speed to design requirements.

D. Test and record motor full-load amps.

E. Traverse main supply-air ducts, using a pitot tube and manometer.  Calibrate the manometer to read two significant figures in velocity pressure ranges.  Take a minimum of 16 readings per traverse to measure the total air quantity supplied by the fan, and to verify air distribution per zone.  A main duct is defined as any of the following:

1. A duct serving 5 or more outlets.
2. A duct serving 3 or more branch ducts.
3. A duct serving a heating coil.
4. A zone duct from a terminal variable-air-volume (VAV) box.
5. A duct emanating from a fan discharge or plenum, and terminating at one or more outlets.
F. Obtain data in support of supply-fan air delivery by the following four methods.  For return and exhaust fans, methods 1 and 4 alone are sufficient.

1. By summation of the air-quantity readings at outlets.

2. By duct traverses of main supply ducts.

3. By rotating vane traverse across the filter or coil bank.

4. By plotting revolutions per minute and static pressure readings on the fan curve.  Air density corrections shall be indicated.

G. Test and record required and measured system static pressures; filter differential, coil differential, and fan total static pressure.

H. Test and adjust systems for design recirculated airflow rates.

I. Test and adjust system for design volume flow rate of outside air (cfm or L/s).

J. Test and record entering-air temperatures.

K. Test and record leaving-air temperatures.

L. Adjust main supply and return ducts to proper design flow rates.

M. Inspect and confirm all fire dampers are open and have adequate access.

N. Adjust zones to proper design, supply, and return flow rates.

O. Test and adjust each diffuser, grille, and register to within 10% of design requirements.

P. Identify each diffuser, grille, and register as to location and area.

Q. Identify and list size, type, and manufacturer of diffusers, grilles, registers, and testing equipment.  Use manufacturer’s rating on equipment to make required calculations.

R. In readings and tests of diffusers, grilles, and registers, include required velocity and test velocity (fpm or m/s) and required flow rate (cfm or L/s).  Test after adjustment.

S. Control manufacturer shall set adjustments of automatically operated dampers to operate as indicated in cooperation with balancing firms.

T. Adjust diffusers, grilles, and registers to minimize drafts and to prevent “short circuiting” between supply and return outlets.

U. Use volume control devices to regulate air quantities only to extent that adjustments do not create objectionable air motion or sound levels.  Effect volume control by duct internal devices such as dampers and splitters.  Remove air slots on return air troffers to achieve adequate relief to ceiling space.

V. Vary total system air flow rates by adjustment of fan speeds.  Vary branch air quantities by damper regulation.

W. Record installed fan drive assemblies; fan sheaves, motor sheaves, and belts.

X. Record each installed motor manufacturer.

Y. The final balanced condition of each area shall include testing and adjusting of pressure conditions.  Test and record building pressurization levels in variable volume systems through full range of fan delivery rates, under both heating and cooling conditions for multi-story building test pressure conditions at ground, intermediate, and upper levels.  Front doors, exits, and elevator shafts should be checked for air flow so that exterior conditions do not cause excessive or abnormal pressure conditions.  Document abnormal building leakage conditions noted.

3.5 HYDRONIC-SYSTEMS BALANCE PROCEDURE

A. System Preparation (Step 1):  Prepare the hydronic system for balancing in the following manner:

1. Open valves to full position including coil-stop valves.  Close bypass valves and return-line balancing cocks.

2. Examine water in system to determine if it has been treated and is clean.

3. Check pump rotation.

4. Check expansion tanks to ensure that they are not air bound and that the system is full of water.

5. Check air vents at high points of water systems to ensure that they are installed properly and are operating freely.  Make certain air is removed from circulating system.

6. Set temperature controls so that coils are calling for full flow.  This should close all automatic bypass valves.

7. Check operation of automatic bypass valves.

8. Check and set operating temperature of chiller at design requirements.

9. Execute air balance before water balance is initiated.

B. Testing and Balancing Procedure (Step 2):

1. Check operation of variable speed pump and record pump data at varying percentages of full flow.

2. Set pumps to deliver approximately 10% excess flow volume if possible.

3. Adjust flow through chiller, heat exchanger, and boiler units.

4. Check and record leaving-water and return-water temperatures, and pressure drop through chiller and boiler units.  Reset to design temperatures.

5. Check and record water temperature at inlet side of coils.  Note rise or drop of temperatures from source.

6. Position and mark automatic valves, hand valves, and balancing cocks for design flow through coils, connectors, and all other items in system requiring circulation of chilled water and hot water.

7. For venturi type, pitot tube, or other flow-measuring devices, record the pipe size, manufacturer, and size of device, and the direct reading of the differential pressure and calculated final flow.

8. Upon completion of flow readings and coil adjustments, mark settings and record data.

9. Ensure bypass valves are tightly closed.

C. Testing and Balancing Procedure (Step 3):

1. After making adjustments to coils, recheck settings at pumps.  Readjust if required.

2. Install pressure gauges on each coil, then read pressure drop through coil, and set flow rate on call for full flow through coil.  Set pressure drop across bypass valve to match coil full-flow pressure drop.

3. Balance flow through equipment and coils by means of pressure drop.  Obtain curves from the equipment manufacturers indicating the relationship between flow and pressure drop through the coils and equipment.  Take readings on calibrated test gauges.

4. Upon completion of the water balance, reconcile the total heat transfer through coils by recording the entering and leaving water temperatures, and the entering and leaving air dry-bulb and wet-bulb temperatures.

5. Upon completion of balancing, adjust differential bypasses for the same pressure drop on full bypass as on full flow.

3.6 SOUND-LEVEL TESTING

A. When specifications or equipment schedules set maximum sound power levels for various items and require a sound test, test the specified equipment to verify that the installed equipment does not produce sound in excess of those levels.

B. Take sound readings in dBA in accordance with ANSI S12.1 to determine equipment sound power levels to confirm compliance.

3.7 OPERATING TEST

A. After final adjustments and calibration, component performance check and system balancing have been completed, conduct a continuous 7-hour operating test during normal working hours from 9 a.m. to 4 p.m. in the presence of the University Representative.

B. The 7-hour test shall be continuous without any shutdowns.  If any interruptions are required for malfunctions or readjustments, repeat the test from the start.

C. The operating test, unless otherwise indicated, shall be conducted to verify the operation of the mechanical system and to demonstrate the performance of the total system.

3.8 24-HOUR TEST

<Add the following recording requirements for big projects or for special projects such as computer rooms, gauging rooms, and like installations.>
A. Run the system(s) for a total of 24 hours (17 additional hours) after successful completion of the 7-hour operating test.

B. Make a continuous 24-hour recording of test data concurrent with the 7-hour operating test.  During the test record the following data hourly:

1. Dry-Bulb and Wet-Bulb Air Temperatures:

a. Entering and leaving each humidifier

b. Entering and leaving each cooling coil

c. Entering and leaving each dryer in the room air circuit

d. Entering and leaving each dryer in the reactivation air circuit

e. Outdoors (calculate and record relative humidity)

f. In the conditioned space (calculate and record relative humidity)

2. Dry-Bulb Air Temperatures:

a. Entering and leaving each condensing coil

b. Entering and leaving each gas or oil fired device

c. Entering and leaving each heating coil

3. Water Temperatures (when the design includes installing measuring hardware):

a. Entering and leaving each heating coil

b. Entering and leaving each cooling coil

c. Entering and leaving each chiller

d. Entering and leaving each boiler

e. Entering and leaving each converter

f. Entering and leaving each condenser

g. Entering and leaving each cooling tower

4. Pressures (when the design includes installing measuring hardware):

a. Refrigerant suction pressure

b. Refrigerant head pressure

5. Weather Conditions:

a. Sun

b. Precipitation

c. Wind

d. Barometric pressure

e. Fluid Flows:

1) Through each cooling coil

2) Through each cooling tower

3) Through each chiller

4) Through each hot water boiler

3.9 BALANCING REPORT

A. Include types, serial numbers, and dates of calibration of instruments.

B. Record test data from the latest available revised set of mechanical drawings, and submit copies upon completion of balancing.

C. Submit fan and pump curves with operating conditions plotted.  Submit grille and diffuser shop drawings and diffusion factors.

D. Index report as follows:

1. Air:

a. Summary

b. Procedure

c. Instrumentation

d. Drawings

e. Equipment Summary

f. Fan Sheets

g. Fan Curves

h. Fan Profile Data

i. Static Data

j. Air Monitoring Station Data

k. Traverse Data and Schedule

l. Terminal Unit Summary

m. Outlet Data Summery and Schematics (per system)

n. Building Pressurization Data

o. Smoke Exhaust Mode Data

p. Stairwell Pressurization Data

q. Smoke Control System Testing (Smoke Control Zone Supply and Exhaust Capabilities)

2. Water:

a. Summary

b. Procedure

c. Instrumentation

d. Pump Data

e. Pump Curves

f. Flow Stations

g. Coils

h. Equipment Data

i. Element Data Summary and Schematics (per system)

3. Sound:

a. Summary

b. Procedure

c. Instrumentation

d. Drawings

e. Profile

f. Scale Readings

4. Fire Damper Verification:

a. Balance

E. Air-Handling Equipment:

1. Installation Data:

a. Manufacturer

b. Size

c. Arrangement, discharge, and class

d. Motor type, power (hp or W), rpm, voltage, phase, cycles, and full-load amps

e. Location and final identification

2. Design Data:

a. Total airflow rate

b. Static pressure

c. Motor power (hp or W), rpm, and amps

d. Fan rpm

e. Fan power (hp or W)

f. Inlet and outlet dry-bulb temperatures

3. Recorded Data:

a. Airflow rate

b. Static pressure

c. Fan rpm

d. Fan power (hp or W)

e. Motor operating amps

f. Inlet and outlet dry-bulb temperatures

F. Duct Air Quantities:  Maximums and minimums for mains, branches, outside air, and exhausts:

1. Duct sizes

2. Number of pressure readings

3. Sum of velocity measurements

4. Average velocity

5. Duct recorded airflow rate

6. Duct design airflow rates

G. Air Inlets and Outlets:

1. Outlet identification location and designation

2. Manufacturer’s catalogue identification and type

3. Application factors

4. Design and recorded velocities

5. Design and recorded airflow rates

6. Deflector-vane or diffuser-cone settings

H. Building Pressurization Data:

1. Outside air temperatures

2. Outside wind velocity

3. Building pressures plotted with respect to systems

4. Supply-air, return-air, and exhaust-airflow rates

5. Locations of pressure measuring points inside and outside building

I. Pumps:

1. Installation Data:

a. Manufacturer and model

b. Size

c. Drive type

d. Motor type, power (hp or W), rpm, voltage, phase, cycles, and full load motor amps

2. Design Data:

a. Water-flow rate

b. Pressure

c. Rpm

d. Power (hp or W)

3. Recorded Data:

a. Discharge and suction pressures (full flow and no flow)

b. Operating pressure and total dynamic head

c. Operating water-flow rate (from pump curves if metering not provided, or from variable speed controller)

d. Motor operating amps

J. Expansion Tank Installation Data:

1. Manufacturer, size, and capacity

2. Pressure-reducing-valve setting

3. Pressure-relief-valve setting

K. Heating Equipment:

1. Design Data:

a. Heat-transfer rate

b. Water-flow rate

c. Entering and leaving water temperature

d. Water pressure drop

2. Recorded Data:

a. Element type and identification (location and designation)

b. Entering and leaving water temperatures

c. Water pressure drop

d. Water-flow rate

L. Plate Heat Exchanger:

1. Installation Data:

a. Manufacturer, model, and type

b. Water-flow rates

c. Inlet and outlet temperatures both fluid streams

2. Recorded Data:

a. Heated-media flow rate

b. Heating-media flow rate

c. System entering and leaving temperatures and pressures

d. Entering and leaving heating water temperatures and pressures

M. Air Heating and Cooling Equipment:

1. Design Data:

a. Heat-transfer rate

b. Water pressure-drop across coil

c. Air static-pressure drop

d. Entering and leaving water temperatures

e. Entering and leaving air dry-bulb and wet-bulb temperatures

2. Recorded Data:

a. Element type and identification

b. Entering and leaving air dry-bulb and wet-bulb temperatures

c. Entering and leaving water temperatures

d. Water pressure-drop across coil

e. Water pressure-drop across bypass valve

f. Air static-pressure drop

g. Airflow and water-flow rates

h. Adjusted temperature rise or drop

N. Water Chiller:

1. Installation Data:

a. Manufacturer and model

b. Motor type, kW, rpm, voltage, cycles, phase, and full-load amps

c. Water-flow rates

d. Water pressure drops

e. Entering and leaving water temperatures

2. Recorded Data:

a. Water-flow rates

b. Water pressure drops

c. Entering and leaving water temperatures

O. Sound Level Data:

1. Diagram or description of relationship of sound source to measuring instrument.
2. Reading at each octave band frequency from 31.5 Hz to 16 kHz and comparison to specified performance.
3.10 TEST AND BALANCE TRAINING

A. Conduct a training session during the operating test.  Instruct University personnel in the proper operation and maintenance of all controls and operating equipment installed on the job.

B. Operate the equipment from startup through every step, phase, or condition the equipment will normally see.  Where possible, demonstrate out-of-season operation by false loading or by adjustment of control devices.

C. Fully describe all operations required for the routine and special maintenance of all equipment.  Explain such items as cleaning, adjusting, and lubrication.  Reference operations and maintenance manuals during this session.

D. The TAB technician shall meet with University Representative after completion of TAB and instruct them on the following:

a. Review the final TAB report, explaining the measurements, adjustments, and settings of each data type.

b. Discuss any outstanding deficient items in controls, ducting, or design that may affect the proper delivery of air or water.

c. Identify and discuss any terminal units, duct runs, diffusers, coils, fans, and pumps that are close to or are not meeting their design conditions.

d. Discuss any temporary settings and steps to finalize the settings for any University-furnished and/or University-installed equipment.
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