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PART 1 -  [bookmark: _GoBack]GENERAL

1.1 SUMMARY

A. Description

1. Commissioning is the systematic process of verifying and documenting that all building systems perform according to the design intent and in a manner to meet the Owner’s operational needs, to maximize system energy efficiency and control stability, and to ensure that the Owner is provided with useful and clear training and documentation necessary to operate and maintain the building systems.
2. Commissioning is the Quality Assurance (QA) portion of a QA/QC (Quality Assurance/Quality Control) program as it is applied to the construction process.  The Contractor shall be responsible for providing Quality Control by verifying that the systems are installed per the contract documents and applicable code requirements and by verifying the basic integrity and operation of the installed equipment/systems by performing the testing and startup requirements found within the project specifications (i.e. – duct leakage testing, manufacturer’s startup requirements, DDC point to point testing, electrical 3rd-party testing, etc.).  The Owner’s Commissioning Authority will be responsible for providing Quality Assurance by ensuring that the Contractor performs their required quality control activities and also by leading and witnessing the functional performance testing as demonstrated by the Contractor.
3. The General Contractor shall provide the services of a Commissioning Manager to provide a central communications and logistics entity for the Contractor’s side of the commissioning process and to direct the Contractor’s participation in the commissioning process.

B. Related Sections:

1. Section 01 31 19 – Project Meetings
2. Section 01 35 15 – LEED Requirements
3. Section 01 77 00 – Closeout Procedures
4. Section 01 78 23 – Operation and Maintenance Documentation
5. Section 01 79 00 – Demonstration and Training
6. Section 21 08 00 – Commissioning of Fire Suppression
7. Section 22 08 00 – Commissioning of Plumbing
8. Section 23 08 00 – Commissioning of HVAC
9. Section 26 08 00 – Commissioning of Electrical
10. Section 27 08 00 – Commissioning of Communications
11. Section 28 08 00 – Commissioning of Electronic Safety and Security

C. Commissioning Objectives

1. The commissioning process shall be executed to meet the following goals:
2. Clarify the operational design intent where there are different interpretations between the Commissioning Team members,
3. Integrate commissioning activities into the general construction schedule (project master schedule) such that commissioning is complete, except as noted elsewhere in this section, at the time of Substantial Completion for the project.  The Commissioning Authority and Contractor shall maximize the ability and opportunity to allow early system testing.
4. Ensure that equipment is installed correctly per the contract documents and code requirements and in a manner that maximizes efficiency/performance and provides sufficient access for maintenance/operation utilizing manufacturer’s guidelines as minimum criteria.
5. Provide oversight of the Contractor’s equipment/system startup and testing requirements as defined in the contract documents,
6. Provide and execute a set of repeatable, step-by-step set of testing procedures (Functional Performance Tests, also referred to as FPT’s) in order to demonstrate system compliance with the design intent and are optimized to operate with minimal energy usage,
7. Identify system installation and operational deficiencies and ensure that resolution to those deficiencies occur in a timely manner,
8. Ensure that the O&M documentation submitted to the Owner is complete, clearly organized, and useful,
9. Ensure that the As-Built information has been completed and submitted to the Owner,
10. Ensure that Owner’s operating personnel are sufficiently trained in order to achieve necessary technical, safety, operational, and maintenance knowledge before the time of building systems turnover to the Owner,

1.2 COMMISSIONED SYSTEMS SCOPE

A. [bookmark: OLE_LINK1][bookmark: OLE_LINK2]Refer to the individual trade-related commissioning specification sections for identification of the equipment and systems that are required to be commissioned for this project.

1.3 CONTRACTOR’S COMMISSIONING MANAGER (CxM)

A. The Contractor shall provide a Commissioning Manager (CxM) for the project to serve as an entity to lead the implementation of the commissioning plan from the Contractor’s side.

B. The services of the CxM shall continue until the full commissioning scope for the project is complete.

C. The CxM may be either a direct employee of the Contractor or hired as a subconsultant/ subcontractor as long as the qualifications are met and the CxM is approved by the Owner.

D. The CxM may be comprised of more than one person in to provide the required scope and experience but one person shall be designated as the main point of contact for the commissioning process and provide management of the entire CxM scope of work.

E. Owner approval of the CxM is required.

F. The CxM shall have the following qualifications:

1. Have experience and knowledge in the construction startup activities related to plumbing, HVAC, electrical power, and electrical low voltage systems similar to the equipment and systems identified to be commissioned for this project,
2. Have excellent understanding of system design intent,
3. Have excellent understanding and knowledge of HVAC test and balancing procedures,
4. Have excellent communications (both written and oral),
5. Have the ability to create a detailed startup and commissioning schedule as well as manage subcontractors and vendors on a continual basis in order to track adherence to that schedule,
6. Be able to work effectively with construction managers, designers, and trades subcontractors,
7. Have a Bachelor of Science degree in Mechanical Engineering and Professional Engineering license.  At the Owner’s discretion, this requirement may be substituted with a sufficient combination of technical training and extensive practical field experience,
8. Have no financial association with any of the Division 2 through Division 33 subcontractors or Vendors prior to engaging in this Contract in order to avoid potential conflicts of interest,
9. Have experience providing commissioning services as a CxM or Commissioning Authority for at least two projects of similar size and scope.
10. Have the ability to dedicate sufficient working capacity to accomplish the full scope of the position.

G. The CxM prospect shall submit a resume indicating that the above minimum qualifications are met.  The Owner will review the CxM’s resume and reject or approve the proposed CxM for an interview.  Upon a satisfactory review of the proposed CxM’s resume, the Architect and Owner reserve the right to personally interview the CxM candidate prior to accepting placement in this position.  Where more than one person is proposed to fulfill the duties of the CxM role, the Contractor shall submit resumes for each person and present an organizational chart to indicate who the contact person will be and which portions of the CxM responsibilities each person will be performing for the project.

H. Final approval of the CxM will be by the Architect and the Owner.

I. CxM Roles and Responsibilities:

1. Serve as an entity to lead the implementation of the commissioning plan from the Contractor’s side,
2. Provide a single point of contact for general communication and overall management of the commissioning process from the Contractor’s side,
3. Develop the commissioning Installation Audit Binder(s) with assistance from the Contractor and Manufacturers’ Representatives.  Collect the completed installation audit forms from the contractor, as they are completed, and compile them into the binder as a pre-requisite for startup and functional performance testing/demonstration for that equipment/system,
4. Develop the commissioning Startup Binder(s) with assistance from the Contractor and Manufacturers’ Representatives.  Collect the completed startup forms from the contractor, as they are completed, and compile them into the binder as a pre-requisite for functional performance testing/demonstration for that equipment/system,
5. Develop and manage the Startup/Commissioning schedule with assistance from the Contractor and present the updated version at each commissioning meeting for review by the group,
6. Direct and coordinate the Contractors and Manufacturer’s Representatives to participate in each commissioning activity.  Ensure that participants are present when and where they are required,
7. Direct the Contractor and manufacturer’s representatives to provide all equipment and testing instrumentation required for functional testing, when and where they are required,
8. Direct and coordinate the Contractor and Manufacturer’s Representatives to participate in the execution of the functional performance testing as witnessed by the Commissioning Authority,
9. Direct corrections of deficiencies found during the Installation Audits, Startup Oversight, Functional Performance Testing, and meetings in a manner to ensure adherence to the Startup and Commissioning schedule.  Where responsibility of a deficiency is divided in scope between different trades, ensure that the contractual requirements are ultimately satisfied and in a timely manner to adhere to the Startup and Commissioning Schedule,
10. Direct Contractors and Manufacturer’s Representatives to participate in a review of the O&M documentation and modify the Preliminary Operation and Maintenance O&M documentation as requested by the Commissioning Authority and in order to comply with the project requirements for operation and maintenance documentation,
11. Lead the execution of the Owner Training Plan (from the framework of the training plan developed by the Commissioning Authority) including management of the process to ensure that the Contractor and Manufacturers’ Representatives are adequately notified, prepared, and follow the training agendas per the training plan,
12. Attend all commissioning meetings,
13. Provide notification to Contractors, Owner’s Personnel, and Commissioning Authority for all commissioning-related events.

PART 2 -  PRODUCTS

2.1 TESTING EQUIPMENT AND INSTRUMENTATION

A. The Contractor shall provide all testing equipment and instrumentation as necessary to perform startup and functional performance testing of the systems identified to be commissioned.

1. The Contractor (working through the Contractor’s Test and Balancing Subcontractor) shall provide and operate testing instrumentation relating to flow, velocity, pressure, and rotational speed measurements.
2. The Contractor (working through the Contractor’s Controls Subcontractor) shall provide and operate testing instrumentation relating to temperature and controls electrical low voltage resistance/current/voltage measurements.
3. The Contractor (working through the Contractor’s Electrical and 3rd Party Electrical Subcontractors) shall provide and operate testing instrumentation relating to the Electrical Acceptance Testing.
4. The Contractor (working through the Contractor’s Low Voltage Electrical Subcontractors) shall provide and operate testing instrumentation relating to the low voltage electrical systems including fire alarm systems, communications systems, audio/visual systems, lighting control systems, access controls/security systems, paging systems, and all other building low voltage systems.

B. All proprietary testing equipment and instrumentation required to fully startup and conduct the functional performance testing shall be provided by the Contractor. 

C. The instrumentation provided for testing purposes shall meet at least the following minimum requirements:

1. Air Temperature – Point Type
a. Type:		RTD or Thermistor w/Digital Readout (no thermocouples)
b. Accuracy:	±0.5°F
c. Resolution:	0.1°F
d. Range:		32°F to 230°F

2. Air Relative Humidity
a. Type:		Thin Film Capacitance w/Digital Readout
b. Accuracy:	±2% RH
c. Resolution:	0.1% RH
d. Range:		0-90% RH

3. Air Differential Pressure
a. Type:		Digital Manometer
b. Accuracy:	±2% of Reading ± 0.001”wc
c. Resolution:	0.0001”wc
d. Range:		0.0001 to 30 “wc

4. Air Static Pressure – High Resolution
a. Type:		Digital Manometer
b. Accuracy:	±2% of Reading ± 0.001”wc
c. Resolution:	0.0001”wc
d. Range:		0.0001 to 30 “wc

5. Air Static Pressure – Pressure Switch High
a. Type:		Diaphragm Gauge (Magnehelic) with minimum 4” diameter face
b. Accuracy:	±2% of Scale
c. Resolution:	0.2”wc  (varies with gauge range)
d. Range:		0 to xx” “wc  (range inclusive of max measurement value)

6. Air Pressure – Pneumatic Controls
a. Type:		Mirrored Back Bourdon Tube Gauge, with minimum 4” face
b. Accuracy:	±0.25% of Scale
c. Resolution:	0.1 psig
d. Range:		0 to 30 psig

7. Air Velocity and Flow Rate – Duct Traverse
a. Type:		Digital Manometer w/Pitot Tube or Airfoil Tube
b. Accuracy:	±3% of Reading
c. Resolution:	1 fpm
d. Range:		50 to 8000 fpm

8. Air Velocity and Flow Rate – Low Velocity
a. Type:		Hot Wire Anemometer
b. Accuracy:	±3% of Reading
c. Resolution:	1 fpm
d. Range:		1 to 6000 fpm

9. Air Flow Rate – Grilles, Diffusers, and Registers
a. Type:		Digital Manometer w/Flow Hood
b. Accuracy:	±3% of Reading
c. Resolution:	1 cfm
d. Range:		100 to 2500 cfm

10. Water Temperature – Point Type
a. Type:		Sheathed RTD or Thermistor w/Digital Readout (No thermocouples)
b. Accuracy:	±0.5°F
c. Resolution:	0.1°F
d. Range:		32°F to 230°F

11. Water Pressure – Point Type
a. Type:		Digital Hydronic Manometer
b. Accuracy:	±1% of Reading
c. Resolution:	0.001psig to 0.01psig depending on measuring range
d. Range:		0 to 300 psig

12. Water Flow Rate – Differential Measurement Across Pumps or Balancing Valve
a. Type:		Digital Hydronic Manometer
b. Accuracy:	±1% of Reading
c. Resolution:	0.001psig to 0.01psig depending on measuring range
d. Range:		0 to 300 psig

13. Water Flow Rate – Non-Contact
a. Type:		Transient Time Ultrasonic
b. Accuracy:	±1% of Reading
c. Resolution:	0.1 fps
d. Range:		0 to 40 fps

14. Surface Temperature – Non-Contact
a. Type:		Infrared, minimum 20:1 distance ratio
b. Accuracy:	±1°F
c. Resolution:	0.1°F
d. Range:		-20°F to 900°F

15. Electrical Voltage – Non-VFD Motors
a. Type:		True RMS Electrical Volt-Ohm Meter
b. Accuracy:	±1½ % of Reading
c. Resolution:	0.1V
d. Range:		4-1000V

16. Electrical Voltage – VFD Motors
a. Type:		True RMS Compensating Electrical Volt-Ohm Meter
b. Accuracy:	±1% of Reading
c. Resolution:	0.1V
d. Range:		4-1000V

17. Electrical Current
a. Type:		True RMS Inductive Amperage Meter
b. Accuracy:	±1% of Reading
c. Resolution:	1mA @ 3A range, 10mA @ 30A range, 100mA @300A range
d. Range:		3A, 30A, 300A or autoranging from 0 to 200 amps

18. Rotational Speed – Noncontact
a. Type:		Laser RPM Meter w/Reflective Tape
b. Accuracy:	±1 rpm
c. Resolution:	1 rpm
d. Range:		6-8000 rpm

19. Handheld Radios
a. Type:		UHF, minimum 2 Watts
b. Quantity:	Provide a minimum of 3 radios during startup and functional testing

20. Ladders
a. Type:		6 Foot, 8 Foot, 10 Foot, 12 foot  Step Ladders
b. Quantity:	Provide as needed for startup and functional testing activities

2.2 COMMISSIONING DOCUMENTATION AND DELIVERABLES:

A. The commissioning process shall be planned, managed, and documented using the following documentation and deliverables:

	Document or Deliverable
	Responsible Party

	
	Owner
	A/E
	Cx
Authority
	Cx
Manager
	Contractor

	Owner’s Project Requirements (OPR)
	
	
	
	
	

	Basis of Design (BOD)
	
	
	
	
	

	Commissioning Plan
	
	
	
	
	

	Installation Audit Documentation
	
	
	
	
	

	Startup and Commissioning Schedule
	
	
	
	
	

	Startup Documentation
	
	
	
	
	

	Functional Performance Tests (FPT)
	
	
	
	
	

	Commissioning Activity and Progress Reports
	
	
	
	
	

	Commissioning Issues Logs
	
	
	
	
	

	Commissioning Meeting Minutes
	
	
	
	
	

	Operation & Maintenance Review Draft
	
	
	
	
	

	Owner Training Plan
	
	
	
	
	

	System Re-Commissioning Manuals
	
	
	
	
	

	Commissioning Final Reports
	
	
	
	
	



B. Owner’s Project Requirements (OPR)
This description is noted here for reference only.  The Owner’s Project Requirements (OPR) document is produced by the Owner during the early design process.  This document is part of the programming phase of the design and allows the Owner to state their goals and criteria for the expected performance and operation of the project.  The document may also include information related to how the Owner intends to utilize the building and its various systems.  Although this document is not a part of the contractual documents, it informs the development of the contractual design documentation.  The Commissioning Authority reviews this document and ensures that the intent of this document is followed through in the Basis of Design document as well as the contractual design documents.

C. Basis of Design (BOD)
This description is noted here for reference only.  The Basis of Design (BOD) document is produced by the Architect/Engineering/Subconsultant design team.  The BOD is a written statement of the criteria that the design team will use when developing the design documentation.  This document compiles the criteria from the OPR and the programming effort and also indicates the codes, standards, and guidelines that the design will follow.  Although this document is not a part of the contractual documents, it directly informs the development of the contractual design documentation.

D. Commissioning Plan
The Commissioning Authority develops the Commissioning Plan document in the design phase of the project and updates it throughout the construction and acceptance phases of the project.  The commissioning plan provides the framework of the commissioning process for the project and is distributed to the entire commissioning team so that all affected parties have the same understanding of the process as well as their roles and responsibilities for the commissioning process.  The scope of the commissioning process for the Contractor is defined within these commissioning specification sections along with the related sections and these same requirements will be included in the Commissioning Plan.  The Commissioning Plan, developed by the Commissioning Authority, additionally includes requirements for the Commissioning Authority, A/E, and Owner, in order to fulfill the entire commissioning process requirements to satisfy the LEED Energy and Atmosphere Commissioning Prerequisite credit as well as the LEED Energy and Atmosphere Enhanced Commissioning credit.

E. Installation Audit Documentation
The Commissioning Authority will produce the Installation Audit Binders with divided tabs for each equipment/system.  The Contractor shall gather the manufacturer’s installation instructions installation checklists, and pre-startup checklists, and insert blank copies of these forms into the Installation Audit Binder until it is completely filled in.  The CxM shall manage this process to ensure that all blank documentation is present and then turn over the binder to the CxA for review and approval.  As the equipment/system installations are completed, the Contractor shall fill in these documents and re-insert the fully completed documentation back into the Installation Audit Binder.  The CxM shall manage this process to ensure that the Contractor is completing this documentation as the installations are completed and that the documentation is filled in as completely as possible.  The CxM shall notify the CxA and Owner when installation and documentation is completed for a particular system/equipment, so that the CxA and Owner are informed that it is ready for their on-site back-check of the installation.

F. Startup/Commissioning Schedule
The CxA will develop the initial draft startup/commissioning schedule, in a Gantt-chart format, to identify the basic activities that will be required to be tracked.  This initial draft schedule will then be turned over to the Contractor to further develop and manage through the rest of the commissioning process.  The CxM shall work with the Contractor and the Contractor’s Subcontractors to develop these activities into a startup/commissioning schedule.

1. The schedule shall place the activities into the correct time sequence with related activities linked with pre-requisites so that the order of activities and their related dependencies are indicated.
2. The schedule shall be developed to allow sufficient time to complete all of the commissioning functional performance testing prior to the Substantial Completion date for the project, with the exception of testing that must be deferred for occupancy or seasonal-related testing conditions.
3. The schedule shall be developed in a manner to prevent unrealistic overlap of activities (i.e. – Scheduling air balancing to occur on the same day as flooring installation and fire alarm testing within the same area of the building).
4. For each of the equipment/systems identified on the schedule, the following activities shall be indicated on the Start Up and Commissioning Schedule as a minimum (note that not all of these activities apply to all equipment/systems and that some equipment/systems will require additional activities and prerequisites to be indicated):
a. Equipment Installation Completion Date(s) with referenced prerequisites from the General Schedule,
b. Permanent Power Completion Date(s),
c. Controls Wiring Completion Date(s),
d. Manufacturer’s Representatives’ Equipment/System Startup Date(s),
e. Contractors’ Equipment/System Startup Date(s),
f. BAS Point to Point Testing Date(s),
g. Test and Balancing Date(s),
h. 3rd-Party Electrical Testing Agency Testing Date(s),
i. Fire Alarm System Pre-Testing Date(s),
j. Owner-Witnessed Fire Alarm System Testing Date(s),
k. Fire Department Fire Alarm and Fire Suppression Systems Testing Date(s),
l. Functional Performance Testing Date(s)
5. The CxM shall include major milestones from the project’s master construction schedule where those milestones are prerequisites to the startup/commissioning activities or represent goals for completion.
6. The CxM shall manage the startup/commissioning schedule to track completion of scheduled tasks and to update the schedule to reflect where tasks dates have been altered.  The CxM shall present a current, updated schedule at each commissioning meeting.

G. Startup Documentation
The CxA will produce the Startup Binders with divided tabs for each equipment/system.  The Contractor shall gather the manufacturer’s startup forms/checklists and insert blank copies of these forms into the Startup Binder until it is completely filled in.  The CxM shall manage this process to ensure that all blank documentation is present and then turn over the binder to the CxA for review and approval.  The Commissioning Authority will review and approve the blank example startup forms to ensure that they are specific to the project and that they are sufficient to adequately document the startup activities.  The Contractor shall make all corrections and supplement the Manufacturer’s startup forms as directed by the Commissioning Authority.

1. Refer to the specific division 20-28 commissioning specification sections for minimum criteria of activities required to be included and performed for startup and documented in the Startup Forms.
2. As startup activities are completed, the Contractor shall submit the completed startup documentation and replacing the blank example forms within the Startup Binders.
3. The CxM shall notify the Commissioning Authority, Architect, and Owner when each specific startup activity has been completed and documentation turned in so that they may have the opportunity to back-check the forms as a prerequisite to functional performance testing.
4. The Commissioning Authority will include the completed Startup Binder as a part of the Final Commissioning Report for the project.

H. Functional Performance Test (FPT) Procedures
The CxA will produce the draft functional performance test procedures.  The Contractor shall completely review the draft functional performance test procedures and make comments evaluating the feasibility of the procedures as well as comment on any issues that may cause concern for equipment or personnel safety issues.  The CxM shall manage the review process for the Contractor to ensure that all of the appropriate Contractors have fully reviewed and commented on the test procedures and compile the comments into a single document to turn over to the CxA.  The CxA will produce the final procedure forms.

1. The functional performance test (FPT) procedures will include step-by-step procedure for testing the equipment and systems including expected results.
2. The functional performance tests will be developed after the equipment and major submittals have been approved such that they can incorporate the specific aspects of the actual equipment being provided for the project.
3. The Contractor and Manufacturer’s Representatives shall carefully study the procedures for the purpose of compliance with safe practices including applicable safety laws, statues, codes, rules, regulations, procedures, and processes to ensure the safety of persons and protection of property involved in or relating or pertaining to the testing of the Work.  The Contractor and Manufacturer’s Representatives shall promptly report in writing to the CxM any safety concerns discovered by or made known.  The Contractor and Manufacturer’s Representatives  shall remain for all risk and loss associated with their Work until acceptance of the Work by Owner.
4. As scheduled, and with proper notification to the Commissioning Authority, the Contractor shall, execute the Functional Performance Tests, as witnessed by the Commissioning Authority.
5. Refer to the div. 20 series of commissioning specification sections for the scope of the functional performance testing.

I. Commissioning Activity and Progress Reports
The CxA will produce Commissioning Activity Reports as needed to inform the commissioning team of activities or issues that cannot otherwise be documented or presented effectively via the commissioning issues log or other commissioning documentation.

J. Commissioning Issues Log
The CxA will produce and regularly update a Commissioning Issues Log.  This document shall serve as a running log to track issues discovered during the commissioning process as well as the resolution to those issues.  The updated Issues Log will be presented at each commissioning meeting.

K. Operation and Maintenance (O&M) Documentation Review Drafts
Refer to specification section 017823 - “Operation and Maintenance Documentation” for description of the scope requirements for the O&M documentation, including the electronic Operation and Maintenance documentation (eO&M).  The Contractor is responsible for producing the documentation, including the printed versions and the eO&M versions.  For the purposes of the required O&M commissioning reviews, the Contractor shall take a “snapshot” of the eO&M for the purpose of providing a review submittal for each of the required O&M review milestones.

L. Owner Training Plan
Refer to specification section 017900, “Demonstration and Training” for further description of the Owner training requirements for the project.  The Commissioning Authority will develop the initial draft Owner Training Plan that will include a listing of the owner training sessions, and skeleton calendar for the training dates, and draft formatting for training session agendas.  The CxM shall work with the Contractor to complete the Training Plan and then subsequently manage the training plan until it is fully executed.  Refer to the demonstration and training specification section for detailed requirements for the training agendas.

M. Commissioning Final Report
The Commissioning Final Report will be prepared by the Commissioning Authority.  The Commissioning Report will be written and submitted by the Commissioning Authority to comply with the Seattle Energy Code requirements.  The Commissioning Report will also be written to satisfy the LEED Energy and Atmosphere Commissioning Prerequisite credit as well as the LEED Energy and Atmosphere Enhanced Commissioning credit.

PART 3 -  [bookmark: OLE_LINK4][bookmark: OLE_LINK5]EXECUTION

3.1 COMMISSIONING PROCESS

A. Commissioning of specific building systems and equipment through five major commissioning activities as follows:

B. Installation Audits:
The Contractor shall install the building systems to meet the design document requirements, meet applicable code requirements, meet the manufacturer’s installation instructions, provide installations that maximize equipment/system performance, and provide adequate space for maintenance of the equipment.  The Contractor shall perform the initial Installation Audits and promptly submit the completed documentation within Installation Audit binder.  As the Installation Audit forms are completed and submitted, the CxM shall notify the Commissioning Authority and Owner to back-check the completed Installation Audit forms submitted by the Contractor to verify that the equipment/systems are ready for startup activities.

C. Equipment/System Startup Oversight:
The Contractor shall perform the startup activities required through the design documents and as per the manufacturer’s directions.  The Commissioning Authority will provide oversight of the Contractor and Manufacturer Representatives’ startup activities to ensure that they have been completed and have been performed in a manner to ensure proper operation, meet the manufacturer’s startup requirements, maximize equipment service life, and ensure interoperability with interfaces to other equipment and building systems where applicable.  The Contractor and Manufacturer’s Representatives shall promptly submit completed startup forms within the Startup Binder(s) as a pre-requisite for functional performance testing of that specific equipment/system.  The CxM shall notify the Commissioning Authority and Owner when startup activities occur as well as when the startup documentation is completed as a verification that the equipment/systems are ready for functional performance testing.

D. Functional Performance Testing:
After the Contractor has demonstrated that the installation and startup pre-requisites have been completed and documentation has been submitted, the CxM will notify the Commissioning Authority and Owner that the equipment/system is ready for functional performance testing.  The CxM will then notify the Commissioning Authority and Owner of the FPT demonstration date, according to the Startup/Commissioning Schedule.  The general order of functional performance testing will be as follows:

1. Component testing.
2. Safeties testing.
3. Sequence of operation testing for all operating modes.
4. Interface testing of equipment/system to other building equipment/systems.
5. Capacity testing.

The functional performance testing shall be demonstrated and substantially completed for all the equipment/systems prior to Substantial Completion for the project with the exception of testing that is deferred because it requires certain weather or occupancy conditions to adequately test.  The testing shall be executed by the Contractor for demonstration to the Commissioning Authority and Owner.  Provide personnel with the necessary expertise to demonstrate all functional performance test procedure verifications to the Commissioning Authority.  The Contractors shall make all corrections, for deficiencies found during functional testing, in a timely manner until the system(s) fully comply with the test procedures.  The Commissioning Authority will determine when the equipment or system has passed or failed the functional testing.  The Contractor shall repeat testing until the testing results have been deemed acceptable by the Commissioning Authority.

E. O&M (Operation and Maintenance) Documentation and As-Built Submittals Oversight:
Refer to section 01 78 23 – “Operation and Maintenance Data” for content and submittal requirements of the O&M and as-built documentation.  The O&M documentation shall be prepared in an eO&M format and continually updated by the Contractor, using the U.W. master eO&M template file format.  The commissioning reviews of the eO&M documentation shall occur at four formal O&M submittal milestones:  1) eO&M formatting review draft, 2) intital review draft, substantial completion draft, and final completion record set.  The Contractor shall make available a “snapshot” of the eO&M for the purpose of providing a review set for each of the review milestone submittals.  Each review shall be followed by a meeting with the CxM, Commissioning Authority, Contractor, and other U.W. representatives, during which the entire document will be reviewed as a team to ensure that the documentation is complete, includes all information necessary to conduct maintenance, provides all information necessary to describe operation, and is organized such that it is clear which components and options are provided with each equipment/system, is clearly divided between equipment/systems, and is formatted (including relative hyperlinks) according to the U.W. standard for eO&M documentation.

F. Owner Training Oversight:
Refer to section 01 79 00 – “Demonstration and Training” for administration and procedural requirements related to the owner training.  The Commissioning Authority shall develop the framework for the Owner’s Training Plan and the CxM and Contractor shall complete the development of the plan.  The CxM shall lead the execution of the Owner’s Training Plan to the extent of ensuring that it is executed by the Contractor.  The Contractor and Manufacturer’s Representatives shall develop the specific Owner Training Agendas and conduct the actual training for each session.  The Owner Training Plan and its execution shall be used to ensure that all required Owner training has been provided, knowledgeable personnel are used to perform the training, the training includes all information necessary for the Owner to take over operation of the building systems, the Owner has been provided with contact information for all Manufacturer’s and Manufacturer’s Representatives, the proper Owner personnel have received training, the Owner has been provided with all required equipment and instrumentation required for operation/maintenance, the Owner has been instructed in the use and organization of the O&M/As-Built documentation, the Owner has been provided with clear documentation for all warranty start and end dates, and documentation of Owner training has been provided through video-taped training sessions and submission of Owner Training attendance sign-in forms.  The CxM shall coordinate with the presenters for each training session to provide presentation equipment as required including whiteboards, projector/screen, microphones, etc.  

3.2 COMMISSIONING ISSUES TRACKING:

A. Issues discovered during the commissioning activities or during commissioning meetings will be tracked on the “Commissioning Issues Log” as developed, updated, and distributed by the Commissioning Authority.

B. The CxM shall be responsible for ensuring that the Contractor and Manufacturer’s Representatives correct the items on the Commissioning Matrix in a timely manner in order to adhere to the Startup and Commissioning Schedule.

C. The Commissioning Issues Log will be kept separate from the Architect’s Punchlist.

3.3 COMMISSIONING REPORTS

A. Commissioning Progress Reports
The Commissioning Authority will produce and distribute Commissioning Progress Reports to keep the Commissioning Team informed of the results of the commissioning activities and the commissioning progress.

B. Commissioning Final Reports
The Commissioning Authority will provide two Final Commissioning Report submissions.  One copy of the Final Commissioning Report will be turned over to the Owner at the time of Certificate of Occupancy for the project.  This report will include an executive summary of results, all commissioning installation audits, startup forms/reports, and commissioning testing documentation completed to that date and will identify any outstanding tests, deficiencies, and seasonal testing that still need to be completed.  The report will also include recommendations for system and equipment improvement, progress of the Owner Training process, and a progress report of the O&M documentation and As-Built documentation review and preparation.  After all deficiencies, outstanding tests, Owner Training, O&M/As-Built documentation compliance, and seasonal testing have been completed, the Commissioning Authority will submit the Final Commissioning Report to the Owner.

3.4 COMMISSIONING MEETINGS

A. Commissioning Kickoff Meeting:
A commissioning kick-off meeting will be held after the equipment submittals are substantially completed and approved.  The members of the Contractor’s commissioning team will be identified and all team members (including the CxM, Contractor, Commissioning Authority, and A/E team) participate in an initial commissioning kick-off meeting to discuss roles and responsibilities.  The commissioning plan is distributed to the Contractor’s commissioning team during this meeting.

B. Commissioning Design Intent Clarification Meeting:
In order to clarify any misinterpretations, and to facilitate implementation of the design intent by the Contractor, a design intent clarification meeting will be held.  This meeting will be conducted after the kick-off meeting but before the controls submittals are completed.  All commissioning team members will be welcome to attend but at a minimum, the CxM, the Owner’s Commissioning Authority, the Mechanical Design Engineer, the Electrical Design Engineer, the Mechanical subcontractor, the DDC Controls subcontractor, the Test and Balancing (TAB) subcontractor, the Electrical subcontractor, the Fire Alarm subcontractor, and other low voltage electrical subcontractors/vendors shall be required to attend.  There shall be at least two separate sessions held, one for mechanical and one for electrical.  Each session can be expected to last for approximately one day.  Any recommendations for changes to the design documentation, as a result of these meetings, will not be considered as part of the contract documents until confirmed by the RFI process or change order process.

C. O&M Documentation Review Meeting:
After the preliminary draft O&M Manual documentation is prepared, the entire Commissioning Team will review the Mechanical and Electrical portions to ensure that the preliminary draft version is complete, includes all information necessary to conduct maintenance, provides all information necessary to describe operation, and is organized such that it is clear which components and options are provided with each equipment/system and is clearly divided between equipment/systems in a logical manner.  This draft O&M document shall be a separate requirement from the O&M documentation submittals required in other sections of these specifications and shall be used for the purpose of providing information necessary for development of the commissioning Functional Performance Test procedures as well as a preliminary review of the O&M documentation.

D. Weekly Commissioning Meetings:
As the MEP (Mechanical Electrical Plumbing) coordination meetings end, they shall transition to weekly commissioning meetings.  The exact transition date will be determined by the Commissioning Authority.  Weekly commissioning meetings shall be held to track progress and discuss system issues.  At a minimum, the CxM, Commissioning Authority, Mechanical Prime subcontractor, Electrical Prime subcontractor, and DDC Controls subcontractor shall be required to participate.  The Mechanical and Electrical Design Engineers may be asked to participate as required to help resolve issues.  Other subcontractors, such as Fire Alarm, Fire Protection, TAB, and Low Voltage subcontractors, will be required to attend when their involvement is required to resolve issues or deficiencies.  During the weekly commissioning meetings, the Commissioning Authority shall identify which Subcontractors will be required to participate in the upcoming FPT’s and also give notice to the Owner’s Representatives to upcoming activities that they may witness.  The Commissioning Authority will prepare and distribute, electronically, commissioning meeting minutes.  The weekly commissioning meetings shall continue until the commissioning process is completed and all issues resolved (with the exception of deferred seasonal and occupancy testing).

3.5 SEASONAL, OCCUPIED, AND POST-OCCUPANCY FUNCTIONAL PERFORMANCE TESTING:

A. Some commissioning functional testing will require certain ambient or occupied conditions be present in order to complete.  The Contractor shall provide qualified personnel to participate in this testing which may occur up to 6 months after the time of Substantial Completion for the building.

B. The following systems and equipment shall be assumed to require Seasonal and Occupied Testing:

1. HVAC equipment capacity testing (coils typically),
2. Electrical power systems testing (testing post-occupancy).

C. 10-Month Warranty Review:  At a date of approximately 10 months after the Certificate of Occupancy has been issued for the project, the commissioning team, including the Commissioning Authority, Contractor, Owner, and A/E will meet to review the operational status of the building as well as to the status of any outstanding commissioning issues and outstanding warranty items.  Prior to this meeting, the Owner is expected to have circulated and collected “Thermal Comfort Surveys” from the building occupants as a discussion tool during this meeting.  If there are unresolved issues at that time, the Commissioning Authority and Contractor will put together a plan to resolve those issues.

3.6 EXCLUSIONS

A. The Owner’s Representative and Commissioning Agent are not responsible for construction means, methods, job safety, or any management function related to commissioning on the job site.

B. The Contractor shall provide all technician services requiring tools or the use of tools, to test, adjust or otherwise bring equipment into a full operational state.

END OF SECTION
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