DIVISION 23 – HEATING, VENTILATING AND AIR CONDITIONING
Section 23 05 93 – Testing, Adjusting, and Balancing


READ THIS FIRST
Notice to the Design Engineer, please refer to the Port of Seattle, Facilities and Infrastructure standards for reference before editing this specification.

This Project Spec Document may need additional modifications to suit your project. It is recommended that you proofread each section, paying attention to any “Notes” boxes such as this one--you should remove these “Notes” sections as you go. Also, do a search for all bracket characters “ [ ] “ as they are used to show you areas containing options or project specific details (you can use Microsoft Word’s Find feature {Ctrl-F} to jump to an open bracket “ [ “ character quickly). Again, these bracket characters should be removed.

It is important that every paragraph be numbered to allow for easy referencing. If you use the document’s built in styles and formatting your outline should be fine (turn on the formatting toolbar by going to View > Toolbars > Formatting). Most paragraphs will use the style “Numbered Material” and can be promoted (Shift) or demoted (Shift-Tab).

You should not have to manually enter extra spaces, carriage returns or outline characters such as A, B, C, or 1.01, 1.02; the formatting will do this for you. The entire document is 11 pt. Arial. If you paste items in, you may need to reapply the “Numbered Material” format.
PART 1   GENERAL

1.1 SUMMARY OF WORK
A. The extent and location of “Testing, Adjusting and Balancing: Work is shown in the Contract Documents. Section includes all mechanical equipment and components to assure optimum performance of mechanical systems under all operating conditions.

1.2 GOVERNING CODES, STANDARDS AND REFERENCES

A. The publications listed below form a part of this specification to the extent referenced. The publications are referred to within the text by the basic designation only.
1. AMCA (Air Movement and Control Association)

a. AMCA publication 203, fan application manual, part 3, field performance measurement.
2. ASHRAE (American Society of Heating, Refrigerating and Air Conditioning Engineers)

3. AABC (Associated Air Balance Council)

4. NEBB (National Environmental Balancing Bureau)

a. NEBB - Procedural Standards for Testing, Adjusting, and Balancing of Environmental Systems 1991.

5. NFPA (National Fire Protection Association)

6. National Institute of Health

7. Ventilation Guide, American Conference of Governmental Industrial Hygienists

8. IBC (International Building Code)

1.3 SUBMITTALS
A. Submit materials data in accordance with of Section 01 33 00 - Submittals. Furnish manufacturers’ technical literature, standard details, product specifications, and installation instructions for all products.
B. Submittals shall include the following:
1. Firm and on-sight staff qualifications and resumes

2. Test Reports: Submit preliminary report with complete drawings of all systems to be tested, system operation sequences clearly stated, and seasonal system requirements delineated (Summer/Winter, etc.). Indicate data on [AABC National Standards for Total System Balance forms] [forms prepared following ASHRAE 111] [NEBB Report forms] [forms containing information indicated in Schedules].  

3. Certificates of equipment calibration for all equipment to be used for this project.

4. Field Reports: Indicate deficiencies in systems that would prevent proper testing, adjusting, and balancing of systems and equipment to achieve specified performance.

5. Prior to commencing Work, submit report forms or outlines indicating adjusting, balancing, and equipment data required.

6. Submit draft copies of report for review prior to final acceptance of Project. Provide final copies for Architect/Engineer and for inclusion in operating and maintenance manuals.

7. Provide reports in soft cover, letter size, 3-ring binder manuals, complete with index page and indexing tabs, with cover identification at front and side. Include set of reduced drawings with air outlets and equipment identified to correspond with data sheets, and indicating thermostat locations.

8. Indicate data on [AABC National Standards for Total System Balance forms] [forms prepared following ASHRAE 111] [NEBB Report forms] [forms containing information indicated in Schedules].  Include detailed procedures, agenda, and sample report forms prior to commencing system balance.  
9. Drawings:

a. Indicate design minimum and maximum (cfm, gpm, etc) parameters on drawings.

b. Show a unique (POS) number for each piece of equipment or terminal.

c. Air quantities and temperatures in air handling/energy transfer equipment schedules.

d. Water quantities and temperatures in thermal energy transfer equipment schedules.

e. Water quantities and heads in pump schedules.
1.4 QUALITY ASSURANCE

A. Perform Work in accordance with NEBB Procedural Standards for Testing, Balancing and Adjusting of Environmental Systems.

B. Testing and Balancing Agencies:

C. The following Testing and Balancing agencies have been previously qualified:

1. Neudorfer Inc. (Seattle) (206) 621-1810.  

2. Hardin Co. (Kent) (253) 804-9081.  

3. HDR (Tacoma) (253) 896-9805.  

4. Or Approved Equal.  
1.5 QUALIFICATIONS

A. Agency: Company specializing in the testing, adjusting, and balancing of air and water systems specified in this section with minimum three years experience certified by NEBB.

1. Contractor shall be independent of general contractor, subcontractor, and designers from both a management and financial association within this project scope.

2. Contractor shall submit references demonstrating a record of balance work on single fan air systems of 100,000 CFM or greater with variable airflow and 100 or more zones; and on hydronic systems of 4,500 GPM or greater with primary-secondary-tertiary variable flow pumping systems; multiple pump systems operating at variable flow on common loop systems; multiple and varying size chillers (500 to 2100 ton units) on common header system.

3. Contractor shall agree to submit a current NEBB Certificate of Conformance of Certification covering the balancing Work for each project.

4. Contractor shall perform a quality check witnessed and approved by the Engineer on at least 10% of all readings.

5. Failure of 25% of quality check readings shall initiate a formal complaint (resolution) to the NEBB firm.

B. On sight project staff Qualifications:

1. Contractor shall submit certification that employees engaged in SeaTac Work shall have successfully completed the Siemens 4-day training course in Field Level Network Device Operations prior to submittal process.

2. Contractor shall arrange with the Engineer to have on-sight supervisor attend a 1/2-day plant wide tour, a review of all mechanical drawings and recent balance documents in order to gain an understanding of the SeaTac mechanical systems prior to Work on site.

3. On-site supervisor shall be on the job site throughout the balance Work and shall be a NEBB Certified Supervisor

1.6 TEST AND BALANCE EQUIPMENT
A. Test equipment and instrumentation shall be provided as necessary and appropriate to perform the Work outlined in this section. All test equipment and instruments shall have been factory calibrated as recently as six months prior to starting the TAB process for this project.

PART 2   PRODUCTS - NOT USED
A.
If only one product is acceptable (single or sole source product), obtain an approved Competition Waiver and submit to the CPO Construction, Contract Administrator.  The language shall read as: “Manufacturer Name, Product # XXXXX, No Equal.”  Refer to CPO-6 Competition Waiver Policy for more information.

B.
If a Competition Waiver is not approved or more than one product is acceptable, this section must list a minimum of 2 products plus the language “Or Approved Equal,” along with salient characteristics.  Refer to CPO Construction’s Salient Characteristics Guidelines for more information.

PART 3   EXECUTION

3.1 EXAMINATION

A. Section 01 31 13 - Project Coordination.

B. Coordinate all testing, adjusting, and balancing procedures and schedules with the Contractor, Commissioning Agent and Test Engineer. Refer to Section 01 91 00 - Commissioning.

C. Verify and document that systems are complete and operable before commencing Work. Ensure and document the following conditions:

1. Contractor shall complete commissioning installation and operational checklist in accordance with Section 01 91 00 - Commissioning;

2. Systems are started and operating in a safe and normal condition.

3. Temperature and pressure control systems are installed complete and operable with initial setting in place and devices calibrated.

4. Proper thermal overload protection is in place for electrical equipment.

5. Fans and pumps are rotating correctly.

6. Proper strainer baskets, ductwork, dampers, all filters, etc. are clean and in place or in normal position.  
7. Service and balance valves are open.

8. Provide a complete set of work sheets to specify each piece of equipment and to show each terminal device.

9. Contractor will provide access to all devices and equipment to be tested within this section.

10. Contractor has provided final approved sheet metal and control system shop drawings catalog cuts for all equipment and balancing devices, etc.

11. Contractor test plans and procedures, smoke control and pressurization plans, and RE’s Commissioning plan are complete and available.

D. Make a “first pass” through the entire system (approximately one month prior to beginning Work) to determine and document the critical path and to locate possible construction or design problems.

E. Following this inspection the balancer shall:

1. Immediately submit a report to the Engineer of any construction or design deficiencies that could delay or affect balancing.

2. Meet with the Engineer to discuss the results and determine the scope of Work to be completed by the Contractor and/or the consultant.

3. The Engineer meets with construction coordinators and/or consultant to determine schedule to complete Work and resolve problems.

4. The Engineer ensures that the Work is properly and sufficiently completed so that balancing can continue uninterrupted through completion.

5. Meet with the Engineer to determine scope of Work to be completed in “second pass.”
6. Make “second pass” through the system and complete the majority of the balancing. The area should be ready for occupancy at the end of this phase of the Work.

7. Complete rough draft of the complete report and provide two (2) copies to the Engineer for review and comment. This report should include a narrative description of all problems requiring major construction or design changes.

8. Meet with the Engineer to discuss the report and determine scope of Work to complete the project.

9. Complete fieldwork so that system is completely balanced and permanently mark all valves, dampers, etc. to show final settings.

10. Complete the report and provide two (2) copies to the Engineer for review.

11. Meet with the Engineer for final review comments.

12. Complete the report and provide three (3) bound copies to the Engineer.

13. Final acceptance of the general construction contract shall not occur prior to acceptance of all balancing Work.

F. Submit field reports. Report defects and deficiencies noted during performance of services, which prevent system balance.

3.2 PREPARATION

A. Provide instruments and personnel required for testing, adjusting, and balancing operations. Make available to the Engineer to facilitate spot checks during testing.

B. Balancing shall be accomplished in accordance with schedules approved by the Engineer.  Procedures shall be in conformance with AABC “Test and Balance Procedures” and NEBB “Testing, Adjusting or Balancing of Environmental Systems”, except as supplemented and modified by this section.  
C. Instruments used for measurements shall be accurate and calibration histories for each instrument shall be in accordance with NEBB procedures.

D. Before balancing and testing can commence, check fans, pumps, and other rotating equipment for proper rotation and lubricate per the manufacturer’s recommendations and operate fans, pumps, and auxiliary equipment. Provide the following:

1. Access to volume dampers, valves, balancing devices, and safety devices including ceiling tile removal and replacement.

2. Ladders, scaffolds, staging, and accessories required to gain access to dampers, valves, balancing devices, and safety devices.

3.3 INSTALLATION TOLERANCES

A. Air Handling Systems: Adjust to within plus or minus [10] [___] percent of design. 

B. Air Outlets and Inlets: Adjust total to within plus [10] [___] percent and minus [5] [___] percent of design to space.  Adjust outlets and inlets in space to within plus or minus [10] [___] percent of design.

C. Hydronic Systems: Adjust to within plus or minus 10 percent of design.

3.4 ADJUSTING

A. Section 01 77 00 - Project Closeout.

B. Ensure recorded data represents actual measured or observed conditions.

C. Work with respect to start up and correct operation of equipment shall remain the responsibility of the Mechanical Contractor. Port (only) shall shut down equipment as required by balancing agency. Mechanical Contractor shall make necessary adjustments and corrections as required by balancing Contractor to balance the systems. Any corrective measures required in the function of any part of system to complete balancing shall be done by Mechanical Contractor's employees as directed by balancing agency. Balancing agency shall contact Engineer for required modifications to system. Allow 48 hours.

D. Permanently mark settings of valves, dampers, and other adjustment devices allowing settings to be restored. Set and lock memory stops.

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

F. Leave systems in proper working order, replacing belt guards, closing access doors, closing doors to electrical switch boxes, and restoring thermostats to specified settings.

G. At final inspection, recheck random selections of data recorded in report. Recheck points or areas as selected and witnessed by the Engineer.  
3.5 AIR SYSTEM PROCEDURE

A. Prior to air balance, air balance agency shall notify the Engineer that balancing will commence, allowing 48 hours for filter replacement by Mechanical Contractor.

B. Air balance agency shall perform the following tests, and balance systems in accordance with the following requirements:  (Test and record items l through 5 and 8 before any adjustments are made.)

1. Test and adjust equipment RPM to design requirements.  Record:  Manufacturer, size, arrangement, class, motor H.P., volt, phase, cycle, RPM, amps.  

2. Duct Test Ports:

a. Where required for air balance measurements, provide duct test ports in ductwork or casings located inside of the building with static pressure greater than 3 inch w.g. Installation shall be airtight and complete with screw cap and gasket. Extend cap through the insulation and seal airtight. 

b. Where required for air balance measurements, provide duct test ports in all ductwork
3. Open all terminal boxes to fully open position for full load test.

4. Test and record motor full load amperes.

5. Make Pitot tube traverse of main supply ducts, record and obtain design CFM at fans.

6. Test and record system static pressures, suction and discharge. 

7. Test, adjust and record systems for CFM outside air.

8. Test and record entering air temperatures (D.B., heating).

9. Test and record leaving air temperatures (D.B., heating).

10. Test, adjust and record each diffuser, grille and register to within l0 percent of design requirements.

11. Identify grille, diffuser and register to location (room number) and area.

12. Identify and list size, type and manufacturer of diffusers, grilles, registers and all tested equipment.  Use manufacturer's ratings on all equipment to make required calculation.

13. Readings and test of diffusers, grilles and registers shall include required FPM velocity and test resultant velocity, required CFM and test resultant CFM after adjustments.

14. In cooperation with controls representative, set adjustments of automatically operated dampers to operate as specified, indicated or noted.  Testing agency shall check all controls for proper calibrations and list all controls requiring adjustment. Adjust and calibrate terminal boxes and record settings.

15. All diffusers, grilles and registers shall be adjusted to minimize drafts in all areas.

16. Make any changes in pulleys, belts and dampers or add dampers required for correct balance, at no additional cost to the Port.  
17. Check fire dampers to ensure open and closed configuration.  Verify in writing.

18. Final settings shall be clearly marked on each damper with a center punch.

C. Determine the minimum operating static pressure required to deliver the required air volumes: for each high pressure mixing box, inlet vane, VFD or other automatic static pressure regulator and note the setting adjacent to the regulator and on the record sheets.  
3.6 WATER SYSTEM BALANCING PROCEDURE

A. Water Balance Procedure - Phase I

1. Balance Engineer or technician shall prepare water systems for balancing in the following manner:

a. Complete air balance must have been accomplished before actual water balance begins.

b. Open all valves to full open position. Close coil bypass stop valves. Set mixing valve to full coil flow.

c. Check operation of all relief valves. Verify in writing.

d. Examine water in system and determine if water has been treated and cleaned. Verify in writing.

e. Check pump rotation. Verify in writing.

f. Check expansion tanks to determine they are not air bound and system is completely full of water. Verify in writing.

g. Check all air vents at high points of water systems and determine all are installed and operating freely. Verify in writing.

h. Set all temperature controls so all coils are calling for full heating. This should close all automatic bypass valves at coils.

i. Check operation of automatic bypass valves. Verify in writing.

B. Water Balance Procedure - Phase II

1. Balance Engineer or technician shall make final water system settings as follows:

a. Adjust and record water flow of hot water through pumps to main.

b. Set pumps to proper gallons per minute delivery. Record: RPM, GPM, Head, BHP, manufacturer, size, type of drive, motor H.P., volts, cycle, phase, full load amps. Plot actual operating test data on pump curves.

c. In the presence of Control Subcontractor check calibration of all thermostats with accurate thermometers. Check operation of all automatic dampers, valves, etc. simulating “full” cooling and “full” heating.

d. Test water temperatures at inlet and outlet side of coils. Record rise and drop of temperatures from source, EAT, EWT, LAT, LWT, GPM, and coil type.

e. Test water temperatures at inlet side and outlet side of convectors or fin tube radiation riser. Record temperature drop from source and across convector fin tube loop, MBH, GPM, LWT and type of unit.  

f. Systems shall be adjusted to provide the approved pressure drops through the heat transfer equipment prior to the capacity testing.  

3.7 CLOSEOUT ACTIVITIES

A. TRAINING AND DEMONSTRATION

1. TAB shall support and participate in the training of Port personnel in accordance with Section 01 91 00 - Commissioning and Section 01 79 00 - Training.

B. CERTIFIED REPORTS

1. Three copies of the report, submitted in the following format, covering air and water system balances shall be submitted to the Engineer. The test reports shall be certified by a certified registered Professional Engineer licensed in the State of Washington who is experienced in air and water balancing or by a certified member of National Environmental Air Balancing Bureau (NEBB). Certification shall include adherence to agenda, calculation procedures, and final summaries. 

2. Provide drawings indicating equipment and outlets labeled in accordance with the report numbering system.

3. Types, serial numbers, and dates of calibration of instruments shall be included.

4. General description of system and specific balancing procedures used for each system.

PART 4   MEASUREMENT AND PAYMENT
4.1 GENERAL

A. No separate measurement or payment will be made for the Work required by this section. The cost for this portion of the Work will be considered incidental to, and included in the payments made for the applicable bid items in the [Schedule of Unit Prices] [Lump Sum price bid for the Project].

End of Section
Revision History:

05/01/2014 Conversion to 2004 CSI Numbering System

10/15/2014 Added Sole Source and Salient Characteristics Note to Part 2 and revisions
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