Name of Project




SECTION 15995 – MECHANICAL SYSTEM COMMISSIONING

Part I. GENERAL

1.1 WORK INCLUDED

A. Systems and equipment testing and start-up

B. Validation of proper and thorough installation of Division 15 systems and equipment

C. Systems balancing verification

D. Equipment performance verification

E. Functional testing of control systems

F. Documentation of tests, procedures, and installations

G. Coordination of training

H. Sequencing

1.2 GENERAL DESCRIPTION

A. Commissioning is the process of ensuring that all building systems are installed and perform interactively according to the design intent, the systems are efficient and cost effective and meet the owner’s operational needs, the installation is adequately documented and that the Operators are adequately trained.  It serves as a tool to minimize post-occupancy operational problems.  It establishes testing and communication protocols in an effort to advance the building systems from installation to full dynamic operation and optimization.

B. Commissioning Authority shall work with the Contractor and the Design Engineer to direct and oversee the Commissioning process and perform functional performance testing.  At times the Owner may elect to hire an independent agent to act as the Commissioning Authority, or the design engineer may perform duties as described as the Commissioning Authority, or the Owner may elect to act as the Commissioning Authority.

C. This section expands on the Commissioning process and defines responsibilities of the Contractor to facilitate the Commissioning process particularly during the Construction Phase.

1.3 SCOPE

A. Systems to be commissioned include the following:

Edit this section to suit the scope of the project.

1. HVAC Systems

2. Plumbing Systems

3. Compressed Air Systems

4. Specialty Gas Systems

5. Fuel Oil Systems

6. Natural Gas Systems 

1.4 Related Work and Documents

A. The drawings and general provisions of the Contract, including the General and Supplementary Conditions and Division-1 Specification sections, apply to the work of this section.

B. Section 15010 – General Mechanical Requirements:  References other sections stipulating Commissioning requirements

C. Individual Division 15 Sections:  Individual sections stipulate installation, start up, warranty and training requirements for the system or device specified in the section.

D. Section 15959 – ATC System Commissioning:  Stipulates detailed requirements of commissioning for the control systems.

E. Section 16995 – Electrical System Commissioning:  Stipulates detailed requirements for commissioning of the electrical systems. 
1.5 REFERENCE STANDARDS

A. ASHRAE Guideline 1-1996, "Guideline for Commissioning HVAC Systems"

B. NEBB - Procedural Standards for Building Systems Commissioning

C. ASHRAE Standard 110 

1.6 DOCUMENTATION

A. Contractor shall send Commissioning Authority one copy of the following per the procedures specified in the Commissioning Plan and other sections of the specification:

1. Shop drawings and product data related to systems or equipment to be commissioned.  Commissioning Authority (CA) shall review and incorporate comments via the Design Engineer

2. Draft equipment Start-up check lists along with the manufacturers start up procedures:  Contractor shall submit to the Commissioning Authority not more than 60 days following receipt of approved submittals.  CA will assist in the development if requested, and recommend approval.

3. Draft Test and Balance Reports:  CA will review and provide comments to the Engineer.

4. System Test Reports including but not limited to hydrostatic testing, welding inspection, duct leakage tests and the like:  Contractor shall submit these to the Commissioning Authority as they are completed.  CA will review and compile prior to FPT

5. Completed Equipment Start-up certification forms along with the manufacturer’s field or factory performance and start up test documentation:  CA will review and compile prior to FPT.

6. Completed Test and Balance Reports:  CA will review prior to FPT.

7. Equipment Warrantees

8. Training Plans

9. O&M Information per the requirements of the Commissioning Plan, Division 1 requirements

10. Record Drawings

B. Record Drawings:  Contractor shall maintain at the site an updated set of record or “as-built” documents reflecting actual installed conditions

1.7 SEQUENCING And Scheduling

A. Refer to the sequencing illustration at the end of this section for a graphical representation of the precedents related to the Commissioning tasks.  These precedents are generally to be applied per system and/or area.  Where applicable, in order to expedite the close out of the facility, various systems can be in various stages of the commissioning process.  CA and Contractor shall cooperate to schedule the Commissioning tasks to minimize the duration of the Commissioning activities.

B. Commissioning Scheduling:  Contractor shall incorporate the commissioning process into the project schedule.  Start up, TAB, and Functional Performance Testing shall be itemized as applicable for each system/area.  CA will review the duration for the tasks.

1.8 Coordination Management Protocols

A. Coordination responsibilities and management protocols relative to Commissioning are initially defined in the Commissioning Plan but will be refined and documented in the Construction Phase Commissioning coordination meeting.  Contractor shall have input in the protocols and all parties will commit to scheduling obligations.  The CA will record and distribute.

1.9 COMMISSIONING AUTHORITY RESPONSIBILITIES

A. Construction Phase

1. Conduct Commissioning meeting

2. Review applicable project documentation (shop drawings, product data, TAB reports, record drawings, O&M information, etc.) for adequacy and to ensure system functionality.

3. Review and approve start up checklist forms.

4. Inspect installation periodically.

5. Attend selected progress meetings to observe progress and help expedite completion.

6. Witness selected tests start-ups, and equipment training.

7. Compile O&M information and systems overview and format the O&M manuals 

B. Acceptance Phase

1. Verify (spot check) TAB reports.

2. Verify (spot check) control component calibration.

3. Verify (spot check) equipment performance certifications.

4. Analyze trend logs

5. Functionally test systems and equipment.

6. Review training plan

7. Coordinate training activities

8. Record commissioning procedures

1.10 CONTRACTOR RESPONSIBILITIES

A. Construction Phase

1. Include Commissioning requirements in price and plan for work

2. Attend coordination meetings called by CA

3. Remedy any deficiencies identified throughout construction

4. Prepare and submit required draft forms and systems information.  TAB shall submit sample balancing forms

5. Thoroughly complete and inspect installation of systems and equipment as detailed throughout Contract Documents, as required by reference or industry standards, and as specifically indicated in Part - 3 of this section.

6. Start-up, test, adjust, and balance systems and equipment prior to functional performance testing.  Start-up procedures shall be in accordance with Contract Documents, reference or industry standards, and specifically Part - 3 of this section.

7. Record start-up and testing procedures on start-up forms or checklists and certify that the systems and equipment have been started and or tested in accordance with the requirements specified above.  Each form shall be signed and dated by the individual responsible for the start-up or test.  Tag equipment started with individuals name and date.

8. Complete approved start up checklists and submit along with other installation certification information such as balancing reports, warrantees, testing results, etc. 

9. Schedule and coordinate Commissioning efforts required by appropriate subContractors and vendors.  Participate in respective portions of start ups and training

10. Demonstrate the systems as specified

11. Certify that systems have been correctly installed and are operating per Contract Documents.

12. Maintain an updated set of record documentation 

13. Copy Commissioning Authority on indicated documentation.

14. Conduct equipment specific operation, maintenance, diagnosis, and repair training as required by the respective section of the specifications 

B. Acceptance Phase

1. Assist Commissioning Authority in verification and performance testing.  Assistance will generally include the following:

a) Manipulate systems and equipment to facilitate testing

b) Provide instrumentation necessary for verification and performance testing

c) Manipulate control systems to facilitate verification and performance testing

Fill in appropriate time suitable for the project scope.

d) Provide a TAB technician to work at the direction of Commissioning Authority for up to 8 hours beyond assistance specified above.

e) Provide a Control technician to work at the direction of Commissioning Authority for up to 16 hours beyond assistance specified above.

2. Correct any work not in accordance with Contract Documents.

3. Participate in the systems and operational training relative to use of O&M information and the PM program

4. Compensate Owner for additional Commissioning Authority site time and expenses resulting from incompleteness of or deficiencies in systems or equipment at time of functional performance testing.

C. Warranty Phase

1. Provide warranty service

2. Participate in the opposite season testing

3. Correct any deficiencies identified

4. Update record documentation to reflect any changes made throughout the Warranty Phase 

1.11 Contractor Notification 

A. Contractor shall completely install, thoroughly inspect, start-up, test, adjust, and balance systems and equipment.  All activities shall be documented on specified forms.  Contractor shall notify A/E, Owner, and CA in writing that systems are complete and ready for demonstration and functional performance testing.

B. Contractor shall notify CA at least 14 days in advance of any tests, start-ups, or training. CA shall witness selected tests and start-ups.

1.12 START-UP CHECKLISTS and Manufacturers Start up Instructions

A. Start-up checklists for each type of equipment and system shall be submitted to Commissioning Authority for approval prior to start-up.  Appropriate subContractors or vendors shall design the forms meeting the requirements of the Contract Documents.  Forms shall be developed for the equipment being installed for this project.  

B. Start up checklists shall include the following for each (as applicable):

1. Project specific designation, location and service

2. Pertinent nameplate data

3. Party performing the test 

4. Place for signature of the start up technician along with the date

5. Clear explanation of the inspection, test, measurement and the like with a pass/fail indication a record of measure parameters 

6. Include a checklist item indicating all O&M instructions, warranties, record documents have been completed and submitted.

7. Include a checklist item for proper maintenance clearances maintained

8. Include an checklist item indicating that special tools and/or spare tools required were turned over to the Owner

9. Generally include checklist items indicating that required prerequisite equipment and systems were successfully started 

C. Start-up procedures shall be in accordance with Contract Documents, reference or industry standards, and specifically Part - 3 of this section.  Contractor shall compile the start up and check out procedures indicated in the manufacturer’s documentation prior to designing the forms.  As applicable include acceptance criteria specified therein.  The manufacturers start up and check out procedures shall be submitted to the CA along with the draft start up checklists.

D. Completed Start-up checklists for all pieces of equipment shall be submitted to Commissioning Authority prior to verification and performance testing.

1.13 Trending

Consider deleting B., C., and D. below if Section 15959 is used.  Delete A. and review 15959 for requirements that should be included here if 15959 is not used.

A. Trending requirements are specified in Section 15959.
B. CA will analyze trends of the system operating parameters to evaluate normal system function.  The requirements of the trending are specified with the FPT procedures in the Commissioning Plan.  Contractor shall establish these trends, ensure they are being stored properly, and forward the data in electronic format to the CA.

C. Data shall include a single row of field headings and the data thereafter shall be contiguous.  Each record shall include a date and time field.  Recorded parameters for a given piece of equipment or component shall be trended at the same intervals and be presented in a maximum of two separate two dimensional formats with time being the vertical axis and field name being the horizontal axis.  Data shall be forwarded in one of the following formats.

1. Microsoft ACCESS Database (.mdb)

2. Microsoft EXCEL Spreadsheet (.xls)

3. Comma Separated Value (.csv or .txt) preferably with quotes delimiting text fields and # delimiting date/time fields 

D. Sample times indicated as COV (() or change of value mean that the changed parameter only needs to be recorded after the value changes by the amount listed.  When output to the trending file, the latest recorded value shall be listed with any given time increment record.  If the FMS does not have the capability to record based on COV, the parameter shall be recorded based on the interval common to the unit.]

1.14 Functional Performance Testing

A. General: CA will direct functional performance tests after the successful start up and complete documentation of systems and equipment.  Generic procedures for the functional performance testing are described in the Commissioning Plan.  CA will record data and complete the test forms.  Contractor shall assist as described above with manipulation of the systems or equipment, provision of supporting equipment or materials (lifts, ladders, specialty test equipment, and the like), and on the spot remediation of minor identified deficiencies.  CA may execute selected tests, with Contractor’s approval, at CA’s discretion.  Contractor shall assume full responsibility for the equipment and systems during the testing.  Required participation is outlined in the Commissioning plan.

B. Detailed Test Forms: CA will prepare detailed and itemize testing procedures and forms to dictate and document the FPT.  These will be developed during the construction phase and completed during the acceptance phase.

C. Completeness:  All systems must be completed and ready for FPT.  TAB must be complete and the control systems must be tested and started for the respective system or component.

D. Test Documentation:  CA will conduct, direct, and witness tests as applicable.  CA will record test results on the forms developed for the testing.  CA will Pass or Fail the testing and record the date and time of the test.  Deficiencies shall clearly be indicated in when the test is failed.  When all related testing is completed successfully, CA shall recommend acceptance of the system or component.

E. Deficiencies and Re-testing:  When deficiencies are identified during testing, depending on their extent or magnitude, they may be corrected during the test and the testing continued to successful completion.  Deficiencies that are more significant will require failure of the test and re-testing.  Deficiencies that are not corrected will result in an action item on the Action List.  The resolution of the deficiency will then subsequently be tracked by the CA via the Action List.  All tests shall be repeated until successful completion

F. Sampling: Some types of identical equipment (such as terminal devices) will be tested using a sampling strategy.  The sample percentage is indicated in the generic test procedure listed in the Commissioning Plan.

G. Failure Limit on Sample Tests:  With the sampling percentages is listed a failure limit.  This limit indicates the maximum percentage of the tested devices that may have any test that fails before an entirely new sample must be tested.  This is based on the concept that if many failures occur it is a result of inadequate start up by the Contractor.  When the maximum number of failures is reached, testing on that sample will be terminated and re-testing will be scheduled.  

1. Where sample tests involve multiple systems, (For example: checking strainers on different hydronic systems) the maximum failure limit will apply per system.

2. The responsible Contractors shall reimburse the Owner for the CA’s cost of that sample test, and redo the start up/TAB for the applicable devices/systems.

3. All work necessitated by sample failures shall be at no cost to the Owner.

H. Opposite Season Testing:  Testing procedures shall be repeated and/or conducted as necessary during appropriate seasons. “Opposite season” testing shall be required where scheduling prohibits thorough testing in all modes of operation.  Air Handler and Central heating system testing for heating related modes of operation and control loops shall be tested during outside air temperatures below 35°F.

Acceptance criteria are very important.  CA must ensure that the A/E has adequately specified the acceptance criteria where applicable in the individual sections.  For instance, pass criteria for pipe and duct testing, capacities, efficiencies, etc.

1.15 FPT Acceptance Criteria

A. Acceptance criteria for tests are indicated in the Commissioning plan and in the specification sections applicable to the systems being tested.  The criteria for acceptance shall be that specified with the individual system, equipment, component, or device, unless unspecified, in which case, it shall be in accordance with the general criteria given in the Commissioning Plan.

1.16 Training

A. Contractors, SubContractor, Vendors, etc. shall prepare and conduct training sessions on the installed systems and equipment they are responsible for.  The CA and A/E shall conduct of the systems overview, design intent, and design criteria training.  The Contractor shall perform all other training.

B. GC shall compile the training plans of the subs and vendors and present a comprehensive training plan as outlined in the Commissioning Plan.

C. Training sessions should typically start and end in a classroom setting.  Field demonstrations will also typically be conducted to demonstrate the hands-on aspects of the required tasks.

D. Equipment Specific Training: The appropriate Contractor or vendor shall instruct the Owners designated representative on the safe and proper operation, maintenance, diagnosis, and repair of each piece of equipment.  Submitted operation and maintenance information shall be used during training.  Sessions shall include as a minimum:

1. Conceptual overview of how the equipment works

2. Names, addresses, numbers etc. of sources for information, tools, spare parts, etc. for the equipment

3. Details of the warranty or guarantee 

4. Intended sequences of operation in all modes of operation

5. Limits of responsibility (example: unit mounted control vs. FMS control)

6. Sources of utility support

7. Routine operator tasks involving monitoring and operation covering all modes of operation and mode switching as applicable

8. Relevant health and safety practices/concerns

9. Common problems and their diagnosis and repair

10. Proper maintenance schedules, tasks and procedures with demonstrations

11. Emergency response, documentation and recovery procedures

E. Controls Contractor Training Involvement:  Training on the proper use and operation of the control system is specified in the control sections.  Controls Contractor shall also participate in the overall systems training. 

Part II. PRODUCTS

2.1 INSTRUMENTATION

A. Instrumentation required to verify readings and test system and equipment performance shall be provided by Contractor and made available to Commissioning Authority.  Generally, no equipment will be required beyond that required to perform Contractors work under these Contract Documents.

Determine requirement for test kits.  Delete following if not required.

2.2 TEST KITS FOR METERS AND GAGES

A. Test kits for meters and gages shall be provided to the Owner new and in good condition.  Previously used kits will be unacceptable.  Kits shall be submitted prior to the Acceptance Phase.  Kits included shall be as a minimum:

1. Digital indication of temperature and pressure with associated probes to work with the P/T test ports

2. Companion readout kit (with fittings and hoses) for calibrated balancing valve with ranges as required by all devices on this project

Part III. EXECUTION

The following start up and check out procedures are provided all together in this section.  It is preferable to place the applicable information in the respective spec section to ensure that the subs or vendors see it.  Alternatively, at least make sure that a reference to this section include in the individual sections.

3.1 General

A. Part III of this section outlines specific start up, check out, testing and training requirements for systems and equipment.  These procedures are the direct responsibility of the Contractor as a basic element of validating that the installation is correct.  The items following provide a minimum or guideline for development of start up procedures, checklists and tests along with the general requirements indicated above (that are common to all).  Contractor shall use these requirements along with the manufacturer’s and/or applicable codes and standards to develop specific and itemized start up procedures specific to the equipment and systems installed on this project.  Should the following requirements conflict in any way with the manufacturer’s requirements, the manufacturer’s requirements shall take precedence.  In this event, this shall be so noted with the submittal of the draft forms.

3.2 VALVES

A. Confirm that valves are installed in accordance with the manufacturer’s instructions.  Valves with stems shall be oriented with stem above horizontal unless specifically approved otherwise.  

B. Operate all valves, manual and automatic, through their full stoke.  Ensure smooth operation through full stroke and appropriate sealing or shutoff

C. Confirm that there is no leakage from pressure containing parts such as stem packing, bonnets and the like.

D. Verify actuators are properly installed with adequate clearance 

E. For automatically operated valves, verify signal input, spring range where applicable, and adjust positioners where applicable.

3.3 METERS AND GAUGES

A. Adjust faces of meters and gages to proper angle for best visibility.

B. Clean windows of meters and gages and factory-finished surfaces.  Replace cracked and broken windows and repair scratched and marred surfaces with manufacturer's touch-up paint.  For meters and gages requiring temporary manual connection of read out device such as pressure taps on a flow-measuring device, ensure threads are clean and undamaged and that connection can be made easily.

C. Meters and gauges shall be installed with sufficient clearance to allow removal with normal tools, without removal of any adjacent components, or insulation.  

D. Meters and gages requiring manual connection of readout device shall be installed with adequate access to allow connection of device with normal tools, without removal of adjacent components.

3.4 MECHANICAL IDENTIFICATION

A. Verify all valve tags, piping, duct, and equipment labeling corresponds with drawings and indexes and meets requirements specified.  Correct any deficiencies for all piping and duct systems.

B. Adjusting:  Relocate any mechanical identification device that has become visually blocked by work of this division or other divisions.

C. Cleaning:  Clean face of identification devices, and glass frames of valve charts.

3.5 MECHANICAL INSULATION

A. Examine all systems and equipment specified to be insulated.  Patch and repair all insulation damaged after installation.  Ensure the integrity of vapor barrier around all cold surfaces.

Ensure the design A/E has included the applicable pressure testing procedures in the respective sections.

3.6 PIPING - General

A. This applies to all piping systems installed, including underground site utilities.

B. Inspect all piping for proper installation, adequate support with appropriate vibration isolation where applicable, and adequate isolation valves for required service.

C. Flush all piping and clean all strainers

D. Ensure adequate drainage is provided at low points and venting is provided at high points.  Ensure air is thoroughly removed from the system as applicable.

E. Ensure all piping is adequately supported and anchored to allow expansion.  Ensure that piping systems or components requiring pressure thrust restraint are provided with restraints suitable for both the operating and test pressure requirements.  Bump across the line pumps and inspect for excessive pipe movement. 

F. Pressure and/or leak test all applicable systems in accordance with the requirements in the applicable sections of ASME B 31.1 and 31.9 as applicable.

G. Sterilize applicable piping systems as specified in the individual sections and as required by regulatory authorities.

H. Submit test reports that document the testing results with certification of the results.

I. Verify the operation of applicable safety relief valves, operating controls, safety controls, etc. to ensure a safe installation.

J. Set and adjust fill, pressure, or level controls to the required setting. 

3.7 AC Motors (600 Volts and Less)

A. Verify proper alignment, installation, and rotation.

B. Measure resistance phase to phase and phase to ground for motors ¾ horsepower and larger.  

C. Verify properly sized overloads are in place

D. Measure voltage available to all phases.  After motor has been placed in operation under load measure amps and RPM.  

E. Record all motor nameplate data. 

For all training requirements, coordinate the requirements with those in the specification.  Indicate the amount of time that is required for the project.

3.8 VARIABLE SPEED DRIVES

A. General:  Provide the services of a factory‑authorized service representative to perform the following when specified in the drive specification.  Test and inspect unit installation, provide startup service, and demonstrate and train Owner's maintenance personnel as specified below.

B. Start-up Checks:  Perform the following checks before start-up and as specified in manufacturer's start-up instructions:

1. Check unit for shipping damage

2. Perform a point-to-point continuity test for all field installed wiring interconnections.  Verify proper termination of field installed wiring.

3. Check for proper torque on connections

4. Verify use of shielded cable where specified and check that shields have been terminated properly

5. Verify grounding

6. Check motor nameplate against drive input rating

7. Manually rotate motor shaft to ensure free rotation

8. Check that motor leads are not grounded

C. Starting procedures: Follow the manufacturers printed procedures with the following as a minimum:

1. Ensure device and system which drive is serving is configured to withstand the device operation specified below

2. Review each drive set up parameter and ensure that it is set in accordance with the manufacturer’s instructions for the type of installation.  Record the setting of all parameters including but not limited to the following:

a) Motor data (obtain from motor nameplate)

b) Minimum voltage adjustment

c) Volts/Hz adjustment

d) acceleration and deceleration rates

e) Motor thermal overload protection

f) maximum and minimum speed

3. Manually ramp speed slowly from minimum to maximum and check for excessive noise and vibration.  Manipulate the system as necessary to create load conditions to safely accomplish this.

4. Determine any critical speeds to avoid and set the critical speed avoidance parameters in the drive accordingly.

5. Check for acceptable voltage and current distortion on the power system.  Record the input and output voltages and currents showing the harmonic content as a percentage of the base frequency

D. Training:  Train Owner's maintenance personnel on procedures and schedules related to start‑up and shutdown, troubleshooting, servicing, and preventative maintenance.

1. Review data in Operating and Maintenance Manuals.  

3.9 PLUMBING FIXTURES

A. Inspect each installed fixture for damage.  Replace damaged fixtures and components.

B. Test fixtures to demonstrate proper operation upon completion of installation and after units are water pressurized. Replace malfunctioning fixtures and components, then retest. Repeat procedure until all units operate properly.

C. Operate and adjust faucets and controls.  Replace damaged and malfunctioning fixtures, fittings, and controls.

D. Operate and adjust disposers, hot water dispensers, and controls.  Replace damaged and malfunctioning units and controls.

E. Adjust water pressure at drinking fountains, electric water coolers, and faucets, shower valves, and flushometers having controls, to provide proper flow and stream.

F. Replace washers of leaking and dripping faucets and stops.

G. Clean fixtures, fittings, and spout and drain strainers with manufacturers' recommended cleaning methods and materials.

3.10 WATER STORAGE TANKS

A. Inspect the tank installation for proper installation and support in conformance with the manufacturer’s recommendations. 

B. Verify that all required instrumentation is provided in installed in accordance with the project requirements 

C. For pressurized tanks, pressure test the tanks per the requirements in the applicable section and per the ASME Code where applicable.

D. Open Tank Testing:  Fill open water storage tanks to overflow level to ensure structural integrity and freedom from leaks.  Hold water level for 2 hours with no drop in water level.

E. Repair leaks and defects with new materials and retest system until satisfactory results are obtained.

F. Clean and disinfect water storage tanks for use with potable water systems as specified in the respective section.

G. Prepare and submit reports for all testing, purging, and disinfecting activities.

H. Check that pressure relief valves have correct setting.

I. Test operation of tank accessories and devices.

J. Adjust vacuum relief valves.

K. Manually operate relief valves.

L. Adjust pressure and vacuum settings.

3.11 WATER SOFTENERS

A. Sample water softener effluent at one week intervals after start‑up, for period of 3 weeks and prepare certified test report for each required water performance characteristic. Comply with the following ASTM standards:

1. ASTM D 859‑80, "Test Methods for Silica in Water."

2. ASTM D 1067‑82, "Test Methods for Acidity or Alkalinity of Water."

3. ASTM D 1068‑87, "Test Methods for Iron in Water."

4. ASTM D 1126‑86, "Test Methods for Hardness in Water."

5. ASTM D 1129‑82b, "Definitions of Terms Relating to Water."

6. ASTM D 1888‑78, "Test Methods for Particulate and Dissolved Matter in Water."

7. ASTM D 3370‑82, "Practices for Sampling Water."

B. Start‑Up Services:  Provide the services of a factory‑authorized service representative to provide start‑up service and to demonstrate and train Owner's maintenance personnel as specified below.

1. Test and adjust controls and safeties.  Replace damaged and malfunctioning controls and equipment.

2. Train Owner's maintenance personnel on procedures and schedules related to start‑up and shutdown, troubleshooting, servicing, and preventative maintenance.

3.12 Electric WATER HEATERS

Elect factory start-up for very large heaters.  Not usually necessary for residential-commercial size heaters.

A. General:  Test and inspect unit installation, provide start‑up service, and demonstrate and train Owner's maintenance personnel as specified below.

1. Check for proper electrical terminations, voltage and circuit ampacity.

2. Check for leaks.

3. Test and adjust operating and safety controls.  Replace damaged and malfunctioning controls and equipment.

4. Verify relief valve is piped to a safe location. 

B. Train Owner's maintenance personnel on procedures and schedules related to start‑up and shutdown, troubleshooting, servicing, and preventative maintenance.

1. Review data in Operating and Maintenance Manuals.  

3.13 FUel FIred WATER HEATERS

Elect factory start-up for larger heaters.  Not usually necessary for residential-light commercial size heaters.

A. General:  {Provide the services of a factory‑authorized service representative to} test and inspect unit installation, provide start‑up service, and demonstrate and train Owner's maintenance personnel as specified below.

1. Check for adequate combustion air.

2. Check for piping connections leaks.

3. Check for clear vent.

4. Test and adjust operating and safety controls.  Replace damaged and malfunctioning controls and equipment.

5. Verify relief valve is piped to a safe location. 

B. Train Owner's maintenance personnel on procedures and schedules related to start‑up and shutdown, troubleshooting, servicing, and preventative maintenance.

1. Review data in Operating and Maintenance Manuals.  

3.14 COMPRESSED AIR SYSTEMS

A. General:  Provide the services of a factory‑authorized service representative to test and inspect unit installation, provide startup service, and to demonstrate and train Owner's maintenance personnel as specified below.

B. Refer to AC Motors in this section

C. Preparation:  Perform the following final checks before startup:

1. Piping System Tests:  Complete system test in accordance with the respective section

2. Inspect the installation and access/clearance for service and maintenance to ensure it meets the project and manufacturer’s requirements

3. Check for piping connection leaks.

4. Check lubricating oil for lubricated‑type equipment.

5. Check V‑belts for proper tension.

6. Check that compressor inlet filters and piping are clear.

7. Check equipment vibration‑control supports and flexible pipe connectors, and that equipment is properly attached to substrate.

8. Check for proper seismic restraints.

9. Check that safety valves have correct setting; greater than compressor discharge pressure, but not greater than pressure rating of system components.

10. Test operation of equipment safety controls and devices.

11. Check water supply to water‑cooled equipment.

12. Check water supply to liquid‑ring air compressors.

13. Drain receiver tanks.

14. Check for adequate room ventilation.

D. Starting Procedures:  Follow the manufacturer's written procedures and the following as a minimum:

1. Energize circuits.

2. Check for proper rotation.  Comply with requirements of Motors paragraph.

3. Start and run equipment through complete sequence of operations.  

4. Check for excessive vibration and noise.  Correct problems.

5. Check air pressures.

6. Manually operate safety valves.

7. Adjust operating controls including pressure settings.

Factory training may not be necessary for small reciprocating compressors such as control air compressors.  Edit according to project requirement.

E. Training:  Arrange and pay for a factory-authorized service representative to train Owner's maintenance personnel on the following:

1. Procedures and schedules related to start-up and shut down, troubleshooting, servicing, preventative maintenance, and how to obtain replacement parts.

2. Familiarization with contents of Operating and Maintenance Manuals

3.15 FUEL OIL SYSTEMS

A. Test oil piping in accordance with NFPA 31 and Section 15990.

B. Remake leaking joints and connections using new materials.

C. Test and adjust controls and safeties.  Replace damaged or malfunctioning controls and equipment.

D. Train Owner's maintenance personnel on procedures and schedules related to start-up and shutdown, troubleshooting, servicing, and preventative maintenance.

1. Review data in Operating and Maintenance Manuals

E. Before activating system perform these steps:

1. Remove and clean strainer screens.

2. Check pump for proper direction of rotation.

3. Fill oil storage tank with proper fuel type.

4. Check operating controls of fuel burner units.

5. Check operation at automatic bypass valves.

6. Check and set operating temperature controls on oil heaters.

7. Check corrosion monitoring systems for proper operation. 

3.16 NATURAL GAS SYSTEMS

A. Test gas piping in accordance with NFPA 54, local utility requirements and Section 15990.  Submit written documentation including name of personnel performing test, date and start and end time of test, remarks, corrections made, and time of successful completion.

B. Remake leaking joints and connections using new materials. 

C. Test and adjust controls and safeties.  Replace damaged or malfunctioning controls and equipment.

D. Train owner's maintenance personnel on procedures and schedules related to start-up and shutdown, troubleshooting, servicing, and preventative maintenance.

E. Review data in operating and maintenance manuals.

F. Before activating system perform these steps:

1. Remove and clean strainer screens.

2. Check that all gas regulators and relief valves have appropriate vent piping as specified extending to a safe location outdoors.

3. Check installation and settings of controls of fuel burner units.

4. Check installation of and setting of pressure regulating valves. 
5. Open valves slowly to full open position.
3.17 HYDRONIC PIPING

A. Prepare and test hydronic piping in accordance with applicable section and ASME B 31.9 and/or B 31.1

B. Flush system with clean water.  Clean strainers.

C. Chemical Treatment:  Provide a water analysis prepared by the chemical treatment supplier to determine the type and level of chemicals required for prevention of scale and corrosion. Perform initial treatment after completion of system testing.

D. Check expansion tanks to determine that they are not air bound and that the system is completely full of water.

E. Set automatic fill valves for required system pressure.

F. Check air vents at high points of systems and determine if all are installed and operating freely (automatic type) or to bleed air completely (manual type).

G. Set and coordinate automatic fill pressure and relief valve settings

3.18 REFRIGERANT PIPING

A. Examine rough in for refrigerant piping systems to verify actual locations of piping connections prior to installation.

B. Inspect, test, and perform corrective action of refrigerant piping in accordance with ASME Code B31.5, Chapter VI and ASHRAE 15.

C. Clean and inspect refrigerant piping systems in accordance with the applicable specification section

D. Verify actual evaporator applications and operating conditions, and adjust thermostatic expansion valve to obtain proper evaporator superheat requirements.

E. Adjust controls and safeties.  Replace damaged or malfunctioning controls and equipment with new materials and products.

F. Train Owner's maintenance personnel on procedures and schedules related to start-up and shutdown, troubleshooting, servicing, and preventative maintenance of refrigerant piping valves and refrigerant piping specialties.  Ensure that Owner is informed of certification requirements for refrigeration service personnel.

3.19 PUMPS

A. Check suction lines connections for tightness to avoid drawing air into the pump.

B. Clean and lubricate all bearings.

C. Refer to AC Motors in this section

D. Check for proper rotation. Rotation shall match direction of rotation marked on pump casing.

E. Check that pump is free to rotate by hand.  For pumps handling hot liquids, pump shall be free to rotate with the pump hot and cold.  If the pump is bound or even drags slightly, do not operate the pump until the cause of the trouble is determined and corrected.

F. Clean associated strainers

G. Check that the proper overloads have been installed in the starter and are the correct size 

H. Verify that the integrity of the vibration isolation is maintained throughout the support and the connections

I. Align pump within manufacturers recommended tolerances

J. Ensure all associated piping has been cleaned, tested deaerated. 

K. Start the pump per the manufacturers instructions 

L. Check the general mechanical operation of the pump and motor.

M. Verify that all thermometers and gages are installed, are clean and undamaged, and are functional 

N. Verify that check valve seal is appropriate

O. Check noise and vibration levels and ensure they are within the manufacturers recommended tolerances

P. Refer to Division 15 Section "Testing, Adjusting, and Balancing" for detailed requirements for testing, adjusting, and balancing hydronic systems.  

Q. Check that the NPSH is within that allowable for the operating condition 

3.20 BREECHINGS, CHIMNEYS, AND STACKS

Compose a section for ID fans for larger systems with separate induced draft fans and draft controls.

A. Clean breechings internally during installation, to remove dust and debris.  Clean external surfaces to remove welding slag and mill film.  Grind welds smooth.

B. Check to ensure adequate draft throughout firing range and with all variations of multiple boilers on common breeching or stack.

C. Start-up and test draft inducing equipment in accordance with the manufacturer’s recommendations.

D. Adjust draft-regulating equipment as recommended by the manufacturer to achieve the draft required by the boiler manufacturer.  Ensure that negative draft exists at draft regulators in systems with forced draft equipment under all operating conditions. 

3.21 Refrigerant CONDENSING UNITS

A. Inspection:

1. Ensure unit is level

2. Coils are undamaged and fins are combed

3. Condenser fan rotates freely and check rotation direction 

B. Testing:

1. Charge systems with refrigerant and oil, and test for leaks.  Repair leaks and replace lost refrigerant and oil.

C. Provide services of manufacturer's authorized service representative to provide start-up service and to instruct Owner's personnel in operation and maintenance of condensing units.

D. Start-up condensing units, in accordance with manufacturer's start-up instructions.  Test controls and demonstrate compliance with requirements.  Replace damaged or malfunctioning controls and equipment. 

E. Train Owner's personnel on start-up and shutdown procedures, troubleshooting procedures, servicing, and preventative maintenance schedule and procedures.  Review with the Owner's personnel, the data contained in the Operating and Maintenance Manuals.

3.22 CHILLERS - air COOLED 

A. Provide the services, to include a written report, of a factory authorized service representative to supervise the field assembly of the components, installation, and piping and electrical connections.

B. Ensure that:

1. All associated piping is cleaned, tested, filled, and deaerated

2. Refrigerant/Oxygen monitoring and safety controls are started and functional 

C. Provide the services of a factory authorized service representative to provide start-up service and to demonstrate and train the Owner's maintenance personnel as specified below.

D. Start-up Service:

1. Inspect the installation and access/clearance for service and maintenance to ensure it meets the project and manufacturer’s requirements

2. Check and service compressor motors and motor starting equipment in accordance with the manufacturer’s recommendations.  

3. Check control interfaces for proper ranges and approve the interface

4. Evacuate, dehydrate, vacuum pump and charge with specified refrigerant, and leak test in accordance with manufacturer's instructions.  Test and adjust controls and safeties.  Replace damaged or malfunctioning controls and equipment.

5. Perform lubrication service, including filling of reservoirs, and confirming that lubricant is of quantity and type recommended by manufacturer.

E. Training:

1. Train the Owner's maintenance personnel on start-up and shut- down procedures, troubleshooting procedures, and servicing and preventative maintenance schedules and procedures.  Review the data contained in the Operating and Maintenance Manuals with the Owner's personnel.
3.23 AIR COOLED CONDENSERS

A. Provide the services, to include a written report, of a factory authorized service representative to examine the field assembly of the components, installation, and piping and electrical connections.

B. Charge systems with refrigerant and oil, and test for leaks. Repair leaks and replace lost refrigerant and oil.

Factory start-up may not be required for smaller equipment of this type.  Determine requirement and edit accordingly.

C. Provide the services of a factory authorized service representative to provide start-up service and to demonstrate and train the Owner's maintenance personnel as specified below.

D. Refer to AC Motors in this section

E. Start-up service:  Place units into operation and adjust controls and safeties.  Replace damaged or malfunctioning components and controls.

F. Training:

1. Train the Owner's maintenance personnel on start-up and shutdown procedures, troubleshooting procedures, and servicing and preventative maintenance schedules and procedures.  Review with the Owner's personnel, the contents of the Operating and Maintenance Data 

3.24 PACKAGED HEATING AND COOLING UNITS

A. General:  Start-up packaged heating and cooling units, in accordance with manufacturer's start-up instructions.  Test controls and demonstrate compliance with requirements. Replace damaged or malfunctioning controls and equipment.  Install new filters after start up

B. Provide the services of a factory authorized service representative to provide start-up service and to demonstrate and train the Owner's maintenance personnel as specified.

3.25 ROOFTOP COOLING UNITS

Determine requirement for manufacturer’s start-up assistance and edit accordingly.

A. Start-Up Services:

1. Provide the services of a factory-authorized service representative to start-up rooftop units, in accordance with manufacturer's written start-up instructions.  Test controls and demonstrate compliance with requirements. Replace damaged or malfunctioning controls and equipment.

2. Retouch any marred or scratched surfaces of factory-finished cabinets, using finish materials furnished by manufacturer.

3. Verify adequate access for maintenance

4. Install new filters after start-up.

5. Check power and control voltages 

6. Check rotation of fan where applicable

7. Check operation of refrigeration system components.

8. Check calibration and operation of the controlling elements.

9. Check control valves for required close off and fail position 

B. Operating and Maintenance Training:

1. Provide the services of manufacturer's service representative to instruct Owner's personnel in operation and maintenance of rooftop units.  Training shall include start-up and shutdown, servicing and preventative maintenance schedule and procedures, and troubleshooting procedures plus procedures for obtaining repair parts and technical assistance.  Review operating and maintenance data contained in the Operating and Maintenance Manuals.

3.26 WATER-SOURCE HEAT PUMPS

A. General:  Start-up water-source heat pumps, in accordance with manufacturer's start-up instructions.  Test controls and demonstrate compliance with requirements.  Replace damaged or malfunctioning controls and equipment. Install new filters after start up

B. Retouch any marred or scratched surfaces of factory-finished cabinets, using finish materials furnished by manufacturer.

C. Verify adequate access for maintenance

D. Install new filters after start-up.

E. Check power and control voltages 

F. Check rotation of fan where applicable

G. Check calibration and operation of the controlling elements.

H. Check control valves for required close off and fail position 

3.27 TERMINAL UNITS

A. General:  After construction is completed, including painting, clean unit exposed surfaces, vacuum clean terminal coils and inside of cabinets.

B. Retouch any marred or scratched surfaces of factory-finished cabinets, using finish materials furnished by manufacturer.

C. Verify adequate access for maintenance

D. Install new filter units for terminals requiring filters.

E. Check power and control voltages 

F. Check rotation of fan where applicable

G. Check calibration and operation of the controlling elements.

H. Check control valves for required close off and fail position 

3.28 VAV TERMINAL UNITS

A. General:  After construction is completed, including painting, clean unit exposed surfaces, vacuum clean terminal coils and inside of cabinets.

B. Retouch any marred or scratched surfaces of factory-finished cabinets, using finish materials furnished by manufacturer.

C. Ensure unit is properly supported and that integrity of vibration isolation has been maintained where applicable.

D. Ensure that air velocity sensor is correctly installed and that inlet/outlet restrictions for accurate measurements have been met.

E. Ensure air inlet is free of obstructions.  Start fans and ensure proper rotation (as applicable). Measure and record motor amperage and voltage.

F. Install new filters where required.

G. Calibrate and adjust the airflow control parameters.  Set applicable min and max setpoints.  Coordinate with the ATC Contractor as necessary to obtain flow parameters required.

H. Check the heating device and control to ensure functionality and proper installation.  Check stroke and range on the valve and ensure it closes and seals tightly.  Ensure the coils are undamaged, combed, and vented.

I. Refer to and coordinate with Section "Testing, Adjusting, and Balancing"  

3.29 CENTRAL-STATION AIR-HANDLING UNITS

Manufacturer’s inspection may be advisable for large >40,000 CFM, complex, or field erected equipment.  Determine requirement and edit accordingly

A. Inspect the field assembly of components and installation of central-station air-handling units including piping, ductwork, and electrical connections.

B. Clean unit cabinet interiors to remove foreign material and construction dirt and dust.  Vacuum clean fan wheel, fan cabinet, and coils entering air face. Ensure volatile irritants are contained and kept out of occupied spaces.

C. Adjust and lubricate dampers and linkages for proper damper operation.

D. For field fabricated units, ensure the sections are properly connected within acceptable tolerances.

E. Seal the all penetrations air tight and ensure access doors seat tightly. 

F. Verify unit is secure on mountings and supporting devices and that connections for piping, ductwork, and electrical are complete. Verify proper thermal overload protection is installed in motors, starters, and disconnects.

G. Ensure vibration isolation integrity is maintained throughout the AHU installation and the connections to it

H. Refer to AC Motors in this section

I. Disconnect fan drive from motor, verify proper motor rotation direction, and verify fan wheel free rotation and smooth bearings operations.  Reconnect fan drive system, align belts, and install belt guards.

J. Lubricate bearings, pulleys, belts, and other moving parts with factory-recommended lubricants.

K. Comb coil fins for parallel orientation.

L. Install clean filters.

M. Ensure condensate drains properly and that trap is adequate.

N. Stroke all valves and damper to ensure free and full travel 

O. Pressure test units as required in the AHU specification

P. Refer to Division 15 Section "Testing, Adjusting, and Balancing" for procedures for air handling system testing, adjusting, and balancing.

Q. Refer to Sections 15959 ATC System Commissioning for procedures for starting the controls related to the AHU

R. Demonstration Services:  Train Owner's maintenance personnel on the following:

1. Procedures and schedules related to start-up and shut down, troubleshooting, servicing, preventative maintenance, and how to obtain replacement parts.

2. Familiarization with contents of Operating and Maintenance Manuals

3.30 FANS

Manufacturer’s inspection may be advisable for large >40,000 CFM equipment.  Determine requirement and edit accordingly

A. Inspect the field assembly of components and installation of fans including ductwork, and electrical connections.

B. Clean unit cabinet interiors to remove foreign material and construction dirt and dust.  Vacuum clean fan wheel, fan cabinet, and coils entering air face. Ensure volatile irritants are contained and kept out of occupied spaces.

C. Adjust and lubricate dampers and linkages for proper damper operation.

D. Verify unit is secure on mountings and supporting devices and that connections for ductwork, and electrical are complete. Verify proper thermal overload protection is installed in motors, starters, and disconnects.

E. Ensure vibration isolation integrity is maintained with the fan installation and the connections to it

F. Refer to AC Motors in this section

G. Disconnect fan drive from motor, verify proper motor rotation direction, and verify fan wheel free rotation and smooth bearing operation.  Reconnect fan drive system, align belts, and install belt guards.

H. Lubricate bearings, pulleys, belts, and other moving parts with factory-recommended lubricants.

I. Stroke all dampers to ensure free and full travel 

J. Refer to Division 15 Section "Testing, Adjusting, and Balancing" for procedures for air handling system testing, adjusting, and balancing.

K. Refer to Sections 15959 ATC System Commissioning for procedures for starting the controls related to the AHU

L. Demonstration Services:  Train Owner's maintenance personnel on the following:

1. Procedures and schedules related to start-up and shut down, troubleshooting, servicing, preventative maintenance, and how to obtain replacement parts.

2. Familiarization with contents of Operating and Maintenance Manuals

3.31 AIR CLEANING

Following for normal passive commercial filter applications.  Add requirements as necessary for filters serving clean rooms and the like or other filter types

A. Operate installed air filters to demonstrate compliance with requirements.  Test for air leakage of unfiltered air while system is operating.  Correct malfunctioning units at site, then retest to demonstrate compliance; otherwise remove and replace with new units, and proceed with re-testing.

3.32 METAL DUCTWORK

For hospitals and other clean spaces, consider requiring a cleaning certification log to be completed by the installer indicating the date, time, and installers initials with a statement that each section was inspected and found clean upon installation.

A. Leakage Tests:  After each duct system is completed where leakage tests are required, test for duct leakage in accordance with SMACNA HVAC Air Duct Leakage Test Manual.  Repair leaks and repeat tests until total leakage is less than the maximum specified for the leakage class.

B. Clean ductwork internally as it is installed, of dust and debris.  Clean external surfaces of foreign substances that might cause deterioration of metal or, where ductwork is to be painted, might interfere with painting or cause paint deterioration.

C. Temporary Closure:  At ends of ducts that are not connected to equipment or air distribution devices at time of ductwork installation, provide temporary closure of polyethylene film or other covering that will prevent entrance of dust and debris until time connections are to be completed.

D. Balancing:  Refer to Division-15 section "Testing, Adjusting, and Balancing" for air distribution balancing of metal ductwork; not work of this section.  Seal any leaks in ductwork that become apparent in balancing process.

3.33 DUCTWORK ACCESSORIES

A. Operate installed ductwork accessories to demonstrate compliance with requirements.  Test for air leakage while system is operating.  Repair or replace faulty accessories, as required to obtain proper operation and leak proof performance.

B. Adjusting:  Adjust ductwork accessories for proper settings, install fusible links in fire dampers and adjust for proper action.

1. Label access doors in accordance with Division-15 section "Mechanical Identification".  Verify that access doors open and close freely and seal tightly.

2. Final positioning of manual dampers is specified in Division- 15 section "Testing, Adjusting, and Balancing".

C. Fire Damper Testing:  For every fire damper, remove the fusible link and verify that the damper operates freely and closes tightly.  Reinstall the fusible link.

D. Cleaning:  Clean factory-finished surfaces.  Repair any marred or scratched surfaces with manufacturer's touch-up paint.

3.34 AIR TERMINALS

A. Upon completion of installation and prior to initial operation, check that air terminals are: 

1. Properly installed with the proper airflow direction

2. Properly supported with vibration isolation integrity maintained where applicable

3. Duct connections to air terminals are leak-tight

4. Operable dampers travel free

5. Airflow measuring devices are properly installed and connected.

B. Repair or replace air terminals and duct connections as required to eliminate leaks, and retest to demonstrate compliance.

C. Clean exposed factory-finished surfaces.  Repair any marred or scratched surfaces with manufacturers touch-up paint.

3.35 CONTROL SYSTEMS 

A. Start-Up:  Refer to Section 15959 ATC System Commissioning.  This generally requires manufacturers authorized representative to start-up, test, adjust, and calibrate DDC control systems and demonstrate compliance with requirements.  This will include verification of sequences, normal and emergency operations, calibration, interfaces, interlocks, and the like.

B. Cleaning:  Clean factory-finished surfaces.  Repair any marred or scratched surfaces with manufacturer's touch-up paint.

3.36 TESTING, ADJUSTING, AND BALANCING

A. Perform testing and balancing procedures on each system identified, in accordance with the detailed procedures outlined in the respective section and the referenced standards.

B. Cut insulation, ductwork, and piping for installation of test probes to the minimum extent necessary to allow adequate performance of procedures.

C. Patch insulation, ductwork, and housings, using materials identical to those removed.

D. Seal ducts and piping, and test for and repair leaks.

E. Seal insulation to re-establish integrity of the vapor barrier. 

F. Mark equipment settings, including damper control positions, valve indicators, fan speed control levers, and similar controls and devices, to show final settings.  Mark with paint or other suitable, permanent identification materials.

G. Retest, adjust, and balance systems subsequent to significant system modifications, and resubmit test results.

H. Test and adjust mechanical systems for sound and vibration in accordance with Section 15990 and the detailed instructions of the referenced standards.

I. Training:

1. Train the Owner's maintenance personnel on troubleshooting procedures and testing, adjusting, and balancing procedures. Review with the Owner's personnel, the information contained in the Operating and Maintenance Data specified in Division 1 and Section 15010.

3.37 Sequencing Illustration

Below is a simplified diagram of the precedents involved in the Commissioning Process.  The diagram is applicable on a system-by-system basis.  Different systems or areas of the building may be phased or sequenced such that different systems are at different points in the Commissioning process.  The diagram indicates tasks for the Contractor, the A/E and the CA.  Tasks for each are indicated vertically below their name.  The individual tasks are defined in the Commissioning Plan.  Management protocols are also covered in the Commissioning Plan.  
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