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Commissioning Overview Chart


SNL
Contractor

	Building Manager
	A/E
	SNL Engineer​ing
	SNL
Mainte​nance
	SNL In​spection
	
	Mechani​cal Sub
	Electrical Sub
	Controls Sub
	Test & Balance Sub


	SNL Responsibilities
	Contractor Responsibilities

	· Produce commissioning specification

· Provide basis of design, sequence of operations, design drawings, and specifications

· Plan and attend commissioning meetings

· Provide QA reviews of contractor submittals

· Accept and QA reports from contractor

· Attend witness tests, acknowledge attendance on test forms

· Provide engineering for any change orders

· Select and provide O&M training candidates
	· Produce commissioning plan:  test schedule, test plan, procedures, etc.

· Coordinate subs

· Contract with EMCS programming and T&B firms from SNL-approved lists

· Review/QA EMCS programming

· Produce commissioning reports

· Attend commissioning meetings

· Conduct tests

· Coordinate testing

· Set up and conduct O&M training

· Produce final commissioning report and close-out package


Commissioning-Related
Specifications


01311-S
Project Schedule


13943-S
Hvac Controls and Energy Management Control System


15010-S
General Provisions


15017-S
Basic Materials and Methods – HVAC


15051-S
Piping Systems


15200-S
Vibration Limits and Control


15250-S
Insulation-Mechanical Systems

15371-S
Deionized Water System - Equipment and Piping


15401-S
Plumbing

15K-S
Nitrogen and Argon Gas Piping-Interior


15452-S
Sewage and Sump Pumps

15462-S
Fuel-fired Water Heaters

15465-S
Plasma Spray High Pressure Water System

15481-S
High Purity Gas Distribution Systems

15495-S
Liquid Nitrogen Systems

15501-S
Automatic Sprinkler Systems and Other Water Based Fire Protection Systems


15540-S
Pumps

15575-S
Breechings, Chimneys, and Stacks


15755-S
Heat Exchangers


15830-S
Terminal Units


15846-S
Air-to-Air Energy Recovery Units


15854-S
Custom Air-Handling Units


15860-S
Centrifugal Fans


15865-S
Axial Fans


15870-S
Power Ventilators


15875-S
Dust Collector


15891-S
Ductwork


15893-S
Metal Ductwork - All Welded - Galvanized Steel


15901-S
System Component Checkout and Balance


15933-S
Air Terminals


15994-S
Mechanical Systems Demonstrations


15995-S
Mechanical Commissioning


16611-S
Static Uninterruptible Power Supply


16621-S
Packaged Engine Generators


16915-S
Lighting Control Equipment


· Other specifications which may require Test Engineer Oversight include 14210-S, “Electric Traction Elevators”, 14240-S, “Hydraulic Elevators” and 16267-S, “Variable Frequency Drives”.

Glossary of Terms
for Commissioning

CONSTRUCTION MANAGEMENT ENGINEER ( CME )  Sandia Engineer in charge of construction of the project. The main interface between the contractor and other Sandia team members.

COMMISSIONING AUTHORITY  also known as commissioning agent. The Sandia authority in charge of all commissioning activities relating to Sandia responsibilities. This authority will consist of the CME and a support team. 

INSPECTOR  The persons which are authorized by SNL to witness all construction activities to insure that the construction is accomplished in a safe manner according to the contract documents. They are to ensure that all safety procedures are followed, Be present for witness tests, conduct independent tests as deemed necessary, review and monitor contractor certifications, and stop work if required to ensure the safety of personnel and the compliance of the contractor to the contract documents.

OWNER  The owner for the PETL project will be Sandia National Laboratories, Sandia, SNL.

OWNERS REPRESENTATIVE  All persons authorized by Sandia National Laboratories to interface with the contractor on Its behalf. 

SANDIA DELEGATED REPRESENTATIVE ( SDR ) the person or persons who have the authorization of SNL to make contract changes or direct the contract in the field.

SANDIA CONTRACT REPRESENTATIVE  The SNL purchasing agent in charge of the PETL contract.

TEST AND BALANCE ( T&B )  The work performed by the general contractor directly or under a subcontract that tests and balances the air and water side of the building systems as well as the vibration and balance requirements.

TEST ENGINEER  The person contracted by the general contractor to perform all of the commissioning duties on the contractors behalf as outlined in this specification.

PROJECT MANAGER ( PM ) The SNL facilities representative responsible for managing the scope, schedule, and budget for the project.
General Requirements

PART 1 - GENERAL

1.1
RELATED DOCUMENTS

Drawings and general provisions of the contract, including general and supplementary conditions and Division 1 specification sections, apply to this section.

1.2
SUMMARY

A.
Commissioning is a designed process of documentation, training, adjustment, testing, and verification, performed specifically to ensure that the finished facility operates as intended.

B.
Provide the services of a qualified Test Engineer with commissioning expertise as described in this section.

1.
Perform functional performance testing and troubleshooting of equipment and systems.

2.
Manage the quality, coordination, scheduling, and execution of commissioning activities.

C.
Commissioning activities are described in detail in this specification as well as in other divisions of the work.

1.3
RELATED WORK SPECIFIED ELSEWHERE

A.
Divisions I, 14, 15, and 16 sections requiring functional performance testing.

1.4
TEST ENGINEER RESPONSIBILITIES

The Test Engineer shall execute Responsibilities of the Test Engineer as specified in this document and include, but are not limited to:

A.
Coordinate and manage the Contractor’s commissioning activities.

B.
Coordinate directly with each subcontractor with respect to responsibilities and contractual obligations.

C.
Obtain, assemble, and submit commissioning documentation.

D.
Attend periodic on-site commissioning meetings.

E.
Develop the commissioning plan and schedule. Integrate commissioning schedule into the master construction activity schedule. Update schedule at specified intervals.

F.
Develop detailed functional performance test procedures and commissioning forms.

G.
Conduct installation verification inspections.

H.
Review controls documentation and interface with other systems.

I.
Obtain, review, and assemble operation and maintenance information and as-built drawings provided by the various subcontractors and vendors.

J.
Note any inconsistencies or deficiencies in system operations. Enforce system compliance or recommend to the Owner’s Representative modifications to system design that will correct or enhance system performance.

K.
Coordinate Owner’s Representative test witnessing, after verifying that pretests have been satisfactorily conducted and final tests are ready to be performed.

L.
Be present during training sessions to direct video recording, present training, and direct the presentations of others.

M.
Be present during start-up activities to direct and witness execution of start-up.

N.
Monitor performance of test, adjust, and balance (TAB) activities to ensure acceptable results, and use of approved methods and instrumentation.

O.
Ensure that necessary test instrumentation is available during functional performance testing and that instruments meet quality and calibration requirements and are in good working order.

P.
Be present during functional performance testing and retesting to direct and witness execution of tests.

Q.
In the event that a functional performance test fails, determine the cause of failure. Rectify deficiency as soon as possible and then retest. If more than two functional tests of the same systems are required, reimburse the Owner for billed costs for the extraordinary participation of the Owner’s Representative, Architect, Commissioning Authority and Owner’s staff.

R.
Prepare and submit commissioning reports.

S.
Track commissioning deficiencies until correction and retesting are successfully completed.

T.  Assemble and submit final commissioning report to the Owner’s Representative for approval by Commissioning Authority. This will be submitted with the closeout package.

U.  The Test Engineer is not to have other duties that will conflict with his role. He shall not be the contractor’s superintendent.

1.5
TEST ENGINEER QUALIFICATIONS

A.
The Test Engineer shall meet the following minimum qualifications:

1.
Extensive experience in startup and troubleshooting HVAC, hot water heating, chilled water, steam, plumbing, fire suppression, electrical, emergency power, fire alarm, life safety, and telecommunications systems of similar complexity to those contained in these documents.

2.
Excellent working knowledge of complex environmental, fire alarm, and electric power control and facility management systems; be capable of understanding control vendor’s operating system and control code; be capable of troubleshooting control code and recommending necessary modifications.

3.
Competency in system design and intent.

4.
Knowledge of the test and balance of air and hydronic systems.

5.
Excellent communication and writing skills, organizational skills, and ability to work well with management and trades contractors.

6.
A bachelors degree in mechanical engineering and PE certification with extensive practical field experience is preferred; however, other technical training and experience with extensive practical field experience will be considered.

B.
Submit the Test Engineer resume and statement of qualifications to the commissioning authority ( CME ) for approval within 30 days of notice to proceed, including the following:

1.
Present employment, including company name and address; present title and job description; and history of employment (include dates and positions held).

2.
Relevant work experience (job name, position held, and work history).

3.
Education and technical training.

C.
The commissioning authority reserves the right to personally interview the Test Engineer candidate prior to accepting placement in the position. Final approval of the Test Engineer will be by the commissioning authority.

D.  The Test Engineer shall not be financially associated with any of the Division 1 through Division 16 contractors or vendors prior to engaging in this contract, to avoid potential conflicts of interest.

E.  The Test Engineer shall not also be the project superintendent, foreman, safety officer, or hold other duties that would keep him/her from fulfilling the responsibilities of Test Engineer.

1.6
AUTHORITY OF TEST ENGINEER

Provide a letter of authority to the Test Engineer signed by a principal of the General Contractor’s firm. Submit copy of letter to Owner’s Representative. Letter shall authorize the Test Engineer to:

A.
Make inspections required for commissioning.

B.
Coordinate, schedule, and manage commissioning activities of the Contractor, subcontractors, and suppliers.

C.
Obtain documentation required for commissioning from the Contractor, subcontractors, and vendors.

D.
Report directly to the principal regarding deficiencies, delayed resolution of deficiencies, schedule conflicts, and lack of cooperation or expertise on the part of subcontractors or suppliers.

1.7
COMMISSIONING AUTHORITY ( CME and team )

A.
This section is provided for the Contractor’s information only. The Contractor is not responsible for the hiring of the Commissioning Authority.

B.
The Owner will appoint a Commissioning Authority.

C.
The duties of the Commissioning Authority include, but are not limited to, the following:

1.
Review the Contractor’s commissioning plans and schedules.

2.
Review the Contractor’s functional performance test procedures.

3.
Witness, verify, and approve satisfactory completion of functional performance tests.

4.
Review and approve specified documentation.

5.
Coordinate participation of Owner’s personnel involved in functional performance testing and participation in required training.

6.
When commissioning has been successfully completed, recommend final acceptance to the Owner.

D.
The Commissioning Authority is expected to communicate as follows:

1.
The Commissioning Authority will formally communicate with the Contractor via approved project channels. It is expected, however, that informal communication and coordination will be conducted directly with the Test Engineer. As the Owner’s commissioning representative, it is expected that the Commissioning Authority will communicate directly with consultants, as may be appropriate.

2.
The Commissioning Authority will keep SNL advised regarding commissioning activities, progress, problems that may develop, solutions to problems, systems performance, and schedules.

PART 2 - GENERAL

2.1
DESCRIPTION

A.
Purpose: The purpose of the commissioning process is to provide SNL assurance that the systems have been installed in the prescribed manner and will operate within the performance guidelines. Commissioning is intended to enhance the quality of system start-up and aid in the orderly transfer of systems to beneficial use by SNL.


The Contractor verifies installation, provides scheduling and coordination of commissioning activities, performs training, starts up equipment, conducts functional performance testing, corrects deficiencies, performs re-tests, and provides documentation of the process.

The contractor shall contract with a control software and T&B firm from an approved list provided by the Owner and attached to this document as Appendices B.

The Commissioning Authority, provides SNL an unbiased, objective view of the systems: installation, documentation, operation, and performance.


Commissioning procedures and results will be observed by the SNL’s designated witnesses. The Contractor is expected to verify the functional readiness of systems to be tested prior to performing the tests in the presence of the witnesses. A high rate of test failure will indicate that the Contractor has not adequately verified the readiness of the systems.

B.
General:

1.
Furnish labor and material to accomplish building commissioning as specified herein.

2.
Requirements of this specification and associated specific commissioning procedures shall be accomplished by a qualified Test Engineer, as specified in section 1.4 of this document.

3.
The responsibilities of the Commissioning Authority are indicated, for information only, in this document.

4.
Unless noted otherwise, functional performance tests (FPTs) described under Acceptance Criteria in the various sections of this document apply to all equipment and systems identified under Systems/Equipment To Be Tested.

2.2
RELATED WORK SPECIFIED ELSEWHERE

A.
Refer to Sections listed in the Commissioning Related Specification Index for additional Contractor responsibilities relative to the commissioning process.

2.3
COORDINATION

A.
Coordination and management: Provide overall coordination and management of the commissioning program as specified herein. The commissioning process will require cooperation of the Contractor, subcontractors, vendors, Architectural Engineering firm, Commissioning Authority and Owner. The commissioning team shall be comprised of the following:

1.
Contractor: Project manager and Test Engineer.

2.
Subcontractors: As required by the prime contractor.

3.
Manufacturers’ factory engineers: As specified elsewhere.

4.
Commissioning authority: Construction Management Engineer, Sandia Delegated Representative, Project Engineers, Inspectors, and the Architectural Engineering Firm.

2.4
SUBMITTALS

A.  General: Submit the following in accordance with general and supplemental conditions of the contract and Division I specification section 1300-S.

B.  Test Engineer resume: Submit the test engineers resume for approval of the commissioning authority within 30 days of contract award.

C.
Commissioning plan: Submit commissioning plan to the Commissioning Authority ( CME ) for review and approval within 90 calendar days of notice to proceed.

D.
Commissioning schedule: Submit commissioning schedule to the Commissioning Authority ( CME ) for review and approval within 90 calendar days of notice to proceed.

E.
Start-up plan: For each piece of equipment or system for which formal start-up is specified elsewhere in this division, submit to the Commissioning Authority ( CME ) for review and approval. Obtain approval of the start-up plan prior to beginning start-up activities.

1.
Start-up schedule.

2.
Names of firms/individuals required to participate.

3.
Detailed start-up procedures.

4.
Start-up data forms.

F.
Test equipment identification list: For each instrument, sorted according to intended use, submit to the Commissioning Authority for review and approval : Manufacturer; model number; serial number; calibration certification; range; accuracy; resolution; and intended use.

G.
Operations and maintenance manuals: Submit to the Commissioning Authority prior to the start of training.

H.
Start-up procedures: Submit start-up procedures for equipment for which formal start-up is specified elsewhere to the Commissioning Authority for review and approval. These procedures will be reviewed for technical depth, clarity of documentation, and completeness.

I.
Start-up data forms: Submit start-up data forms for equipment for which formal start-up is specified elsewhere to the Commissioning Authority for review and approval.

J.
Test, adjust, and balance (TAB) data forms: Submit TAB data forms to the Commissioning Authority for review and approval.

K.
Test, adjust, and balance (TAB) procedures: Submit written TAB procedures to the Commissioning Authority for review and approval.

L.
Test, adjust, and balance (TAB) report: Submit written TAB report to the Commissioning Authority for review and approval.

M.
Functional performance test procedures: Submit functional performance test procedures for functional performance tests specified elsewhere to the Commissioning Authority for review and approval.

1.
Each procedure shall have a unique alphanumeric designator.

2.
The same procedure may be applied to multiple identical pieces of equipment or systems.

3.
Procedures shall reference the applicable specification section upon which the procedure is based.

4.
These procedures will be reviewed for technical depth, clarity of documentation, compliance with acceptance criteria specified elsewhere, and completeness.

5.
Identify the value for all setpoints and inputs, positions of adjustable devices, valves, dampers, and switches.

6.
Identify the range of acceptable results for each condition tested.

7.
FPT procedures shall be detailed test instructions, written with sufficient step-by-step information to allow a test to be repeated under identical conditions with repeatable results.

N.
Functional performance test data forms: Submit functional performance test data forms for equipment for which functional performance tests are specified elsewhere to the Commissioning Authority for review and approval.

1.
Identify each functional performance test data form by a unique designator consisting of the applicable functional performance test procedure designator followed by a dash digit suffix to distinguish multiple repetitions of the same procedure.

2.
Include space to record: Description of the procedure; whether the form is for a retest of a failed procedure; identification and location of the equipment being tested; identification of instrumentation used by serial number; observed conditions at each step of the procedure; acceptable results as specified elsewhere; date of the test; names of technicians performing the procedure; name and signature of the Test Engineer; name and signature of the Commissioning Authority or Owner-designated witness (signature of witness shall only indicate concurrence with reported results and observations; acceptance of the results will be reported separately by the Commissioning Authority after review of the FPT data forms).


Functional performance test deficiency report forms: Submit functional performance test deficiency report forms to the Commissioning Authority for review and approval. Include space to record: Associated functional performance test data form number; date of test; name of person reporting the deficiency; description of the observations associated with the failure of the test; cause of the failure, if apparent at the time of the test; date and description of corrective action taken; name and signature of person taking corrective action; and schedule for retest.

2.5
COMMISSIONING PLAN

Develop a commissioning plan to identify how commissioning activities will be integrated into general construction and trade activities. The plan is the key means for the Test Engineer to inform all parties as to how each system functions, independently and with respect to other systems. The plan shall be updated regularly and redistributed to the commissioning team for review and comment. The intent of this plan is to evoke questions, expose issues, and resolve them with input from the entire commissioning team early in construction. The commissioning plan shall identify how commissioning responsibilities are distributed.

A.
Include an organizational chart showing lines of communication and authority of the Test Engineer relative to key general contractor positions and to key subcontractors.

B.
Identify who will be responsible for producing the various procedures, reports, owner notifications, and forms required in this division.

C.
Include the commissioning schedule.

D.
Describe the test/acceptance procedure.

E.
Identify which subcontractors will participate in each of the tests.

F.
Identify instrumentation required for each test.

G.
Identify who will provide instrumentation for each test.

H.  Operational description: This shall include, for example, the design criteria, design intent, code requirements, specifics of the equipment to be provided, sequences of operation, operating priorities, protocols, etc. Some of these items will be provided to the test engineer with the construction package and may be copied or referenced.

I.  Also items D, G, H, I, K, M, and N of section 2.4.

2.6
SCHEDULE

A.
Commissioning schedule: Integrate functional performance testing and commissioning requirements into the Critical Path Method (CPM) master construction schedule. Commissioning scheduling is the responsibility of the contractor ( ref. Div. 1, section 1311, Project Schedule ).

1.
Prior to the beginning of start-up or functional performance testing activities, update the schedule of commissioning activities monthly.

2.
Two weeks prior to the beginning of start-up or functional performance testing activities, provide a detailed two-week look-ahead schedule. Thereafter, update the two-week look-ahead schedule weekly for the duration of commissioning for that construction phase. The two-week look-ahead schedule shall identify the date, time, beginning location, contractor personnel required, and anticipated duration for each startup or test activity.

B.
Commissioning of systems shall proceed per the criteria established in the specific sections that follow, with activities to be performed on a timely basis. Commissioning of systems may proceed prior to final completion of systems. The Test Engineer must be available to respond promptly to avoid delay to the CPM schedule.

C.
Problems observed shall be addressed immediately, in terms of notification to responsible parties and actions to correct deficiencies.

2.7
COORDINATION WITH OWNER’S REPRESENTATIVE WITNESS

A.
The SNL will witness all start-up and test activities specified in this division. The Commissioning Authority ( CME ) will designate witnesses and alternates for each activity.

B.
Notify the CME and the designated witnesses in writing of the date, time, location, and anticipated duration of start-up and test activities as required in Schedule above.

C.
Provide written timely notice to the CME and the designated witnesses of any changes in date, time, location, or anticipated duration of start-up and test activities. For the purpose of this paragraph, written notice shall be received by them a minimum of 72 hours in advance to be considered timely notice.

D.
Contractor shall reimburse SNL for actual costs incurred by the Owner as the result of failure to provide timely notice per preceding paragraph of changes in date, time, location, or anticipated duration of start-up and test activities.

E.
Obtain the signature of designated witnesses on all data forms. If a witness is unavailable at the scheduled time and location of the activity, so note, and proceed per schedule without the witness.

2.8
COMMISSIONING MEETINGS

A.
Attend periodic commissioning meetings.

1.
Prior to the beginning of start-up or functional performance testing activities, the Commissioning Authority ( CME ) will hold commissioning meetings at least monthly. These meetings may be held concurrently with the general construction meetings.

2.
Beginning two weeks prior to the commencement of start-up or functional performance testing activities, whichever is earlier, the Commissioning Authority ( CME ) will hold commissioning meetings at least weekly. Thereafter, and for the duration of commissioning for that construction phase, commissioning meetings will continue to be held at least weekly. These meetings may be held concurrently with the general construction meetings.

3.
The Commissioning Authority ( CME ) may require additional meetings if the commissioning process appears to be behind schedule or if there are coordination problems. The Test Engineer may also request in writing additional meetings.

PART 3 - PRODUCTS

3.1
TEST EQUIPMENT

A.
Provide industry standard test equipment required for performing the tests specified herein.

B.
Instrumentation shall meet the following standards:

1.
Be of sufficient quality and accuracy to test and measure system performance within the tolerances required to determine adequate performance.

2.
Be calibrated on the manufacturers’ recommended intervals with calibration tags permanently affixed to the instrument being used.

3.
Be maintained in good repair and operating condition throughout the duration of use on this project.

4.
Be re-calibrated/repaired if dropped or damaged in any way since last calibrated.

C.
Immersion temperature measuring instruments, liquids:

1.
Range, -40ºF to 120ºF; type, glass partial stem immersion; minimum accuracy, within 1/2 of scale division; resolution, 1ºF. 

2.
Range, 0ºF to 220ºF; type, glass partial stem immersion; minimum accuracy, within 1/2 of scale division; resolution, 1ºF.

D.
Air temperature measuring instruments:

1.
Range, -40ºF to 120ºF; type, glass partial stem immersion; minimum accuracy, within 1/2 of scale division; resolution, 1ºF.

2.
Range, 0ºF to 220ºF; type, glass partial stem immersion; minimum accuracy, within 1/2 of scale division; resolution, 1ºF.

E.
Hydronic pressure measuring instruments:

1.
Range, indicated pressure shall be in the middle half of the instrument range; type, minimum Grade A gauge with stainless steel, alloy steel, monel or bronze Bourdon tube; minimum accuracy, within ±0.25% of full scale; resolution, 0.5 psi subdivisions on a 4.5 dial with a mirrored scale and knife-edge pointer.

F.
Hydronic differential pressure measuring instruments:

1.
Range, indicated pressure shall be in the middle half of the instrument range; type, dual inlet, minimum Grade A gauge with dual stainless steel, alloy steel, monel or bronze Bourdon tubes and a single pointer; minimum accuracy, within ±0.25% of full scale; resolution, 0.5 psi subdivisions on a 4.5 dial with a mirrored scale and knife-edge pointer.

G.
Air pressure measuring instruments:

1.
Range, indicated pressure shall be in the inclined portion of the scale; type, inclined/vertical manometer; resolution: if air velocity less than 1,000 fpm, then 0.005 inch graduations; if air velocity between 1,000 and 4,000 fpm, then 0.01 inch graduations; if air velocity greater than 4,000 fpm, then 0.1 inch graduations.

3.2
REPORTS

A.
Test, adjust and balance (TAB) progress reports: After TAB activities have begun, submit weekly TAB progress reports to the CME. Identify:

1.
Systems or subsystems for which preliminary balancing is complete.

2.
Systems or subsystems for which final balancing is complete.

3.
Status of deficiencies and balancing problems encountered, including corrective actions taken.

4.
Updated schedule of remaining TAB activities.

B.
Installation verification audit: Prior to start-up, submit a report of installation verification audit activities to the Commissioning Authority ( CME ) for review and approval. Identify equipment and components verified, deficiencies noted, corrective action taken, and the dates and initials of the persons making the entries.

C.
Start-up deficiency report: Within five days following start-up of each system or equipment, submit start-up deficiency report forms to the Commissioning Authority ( CME ) Identify systems and/or equipment started up, deficiencies noted, corrective action taken, and the dates and initials of the persons making the entries.

D.
Functional performance test deficiency reports: At the end of each day in which functional performance tests are conducted, submit functional performance test deficiency report forms to the Commissioning Authority ( CME ) for tests for which acceptable results were not achieved during the day.

1.
Identify tests for which acceptable results were not obtained by test number and description, and equipment identification and location. Briefly describe observations about the performance that were associated with failure to achieve acceptable results. Identify the cause of failure if such is apparent.

2.
When corrections have been completed, update the functional performance test deficiency report forms. Identify corrective action taken and the dates and initials of the persons making the entries.

3.  Identify the schedule for re-testing.

E.  Final Commissioning Report: The test engineer shall prepare and submit a final report with the closeout package. This report shall contain:

1.  A standard commissioning report.

2.  A lessons learned section outlining how the commissioning process was perceived to have worked from the contractors standpoint.

3.  Required maintenance recommendation section.

PART 4 - EXECUTION

4.1
BASIS OF DESIGN DOCUMENTATION

Edit and update basis of design narratives provided by SNL. Incorporate the effect of approved substitution requests, change orders, and responses to requests for clarifications that change the information in the Architectural Engineering Firms basis of design narratives. Basis of design includes design criteria and operations descriptions for systems itemized in Paragraph 4.2 below.

A.
Design criteria shall include design conditions for each space as follows: indoor dry bulb temperature; indoor relative humidity; outdoor dry bulb temperature; outdoor wet bulb temperature; occupancy, hours, and degree of activity; lighting and miscellaneous power; ventilation, re-circulation and outside air, internal loads; special loads; insulating R-values for roof, wall, glass, etc.; percentage of glass -- fenestration; type of glass, including coatings and solar coefficients; building pressurization and infiltration; building mass; code requirements and impact on criteria; air quality design criteria (such as ASHRAE Standard 62-1989); noise criteria; fire and life safety; energy efficiency and cost; and maintainability.

B.
Operations description includes design intent, basic system type, major components, interrelation of components, capacity and sizing criteria, redundancy, diversity, automatic temperature control and sequence of operation, intended operation under all seasonal loads, changeover procedures, part-load strategies, occupied/unoccupied modes of operation, design setpoints of control systems with permissible adjustments, operation of system components in life-safety modes, energy conservation procedures, and any other engineered operational mode of the systems.

4.2
ONE-LINE DIAGRAMS

Edit and update one-line diagrams provided by the SNL. Incorporate the effect of approved substitution requests, change orders, and responses to requests for clarifications that change the information in the Architectural Engineering Firms one-line diagrams.

A.
Provide one-line diagrams for the systems identified in 4.2.B.

B.
One-line diagrams are intended to support narrative system descriptions and the overall commissioning process. Depending on the system in question, the following procedures for developing the one-line diagrams are to be employed:

1.
Update the existing CAD-based one-line diagrams provided by the architect for the following systems (some revisions may be required to match the desired format for commissioning documents): electrical power; emergency power; hot water heating; domestic water; chilled water systems; condenser water systems; supply air systems; return air systems; and exhaust air systems.

2.
Update and revise vendor-supplied CAD-based shop drawings; revise as required to match the format for commissioning documents. This method shall be employed for the following systems: lighting, control; security; environmental control system; energy management control; fire suppression; and fire alarm/smoke evacuation/life safety graphics.

4.3
COMMISSIONING PROCEDURE

A.
Sequence of testing: Commissioning shall proceed from lower to higher levels of complexity. For each discrete subsystem or system, testing at the lower level shall be completed prior to starting the next higher level of tests. In general, the order of testing from lowest to highest is:

1.
Static tests (such as duct leakage tests).

2.
Component functional performance tests (of motors, actuators, sensors, etc.) and start-up.

3.
Balancing.

4.
System functional performance tests.

5.
Intersystem functional performance tests.

B.
Re-testing: Repeat, at no additional cost to SNL, the complete functional test procedure for each test for which acceptable results are not achieved. Repeat tests until acceptable results are achieved. Compensate SNL for direct costs incurred as the result of tests repeated to achieve acceptable results. Fill out a new functional performance test data form for each retest.

C.
Correction of deficiencies:

1.
Correct functional performance test deficiencies promptly and schedule retest.

2.
Corrections during functional performance tests are generally prohibited to avoid consuming the time of personnel waiting for the test, but not involved in making the correction. Exceptions will be allowed if the cause of the failure is obvious and corrective action can be completed in less than five minutes. If corrections are made under this exception, the failure shall be noted on the functional performance test data form. A new functional performance test data form, marked “retest”, shall be initiated after the correction has been made. The entire functional performance test procedure shall be repeated.

D.
Delegated witnesses: Witnesses will be designated by the CME to observe the commissioning process.  Witnesses shall provide no labor or materials in the commissioning process. The only function of the witnesses shall be to observe and comment on the progress and results of commissioning.

1.
Provide access to permit the witnesses to directly observe the performance of the equipment being tested.

2.
Provide ladders, scaffolding, and staging as required to permit the witnesses to directly observe the performance of the equipment being tested.

3.
Notify the Commissioning Authority ( CME ) of commissioning schedule changes at least 72 hours in advance if a Delegated witness will be involved.

4.4
OPERATIONS AND MAINTENANCE (O&M) MANUALS

A.
Review O&M manuals prepared by other divisions of the work related to commissioning for compliance with the requirements of Division 1.

B.
Incorporate the standard technical literature into a systems-specific document: concise, to the point, and above all, tailored specifically to this facility.

C.
Obtain the equipment manufacturer’s standard technical literature relevant to the operation and maintenance of the provided equipment. The literature shall be specifically oriented to the equipment provided, indicating all operation and maintenance procedures, parts lists, assembly/disassembly diagrams, and related information. Wiring diagrams must be complete and specific to the equipment provided.

D.  Submit the draft document for review by the Commissioning Authority ( CME ) to ensure completeness, proper written communications, and compliance with each reviewer’s knowledge of the significant requirements.

E.  Have all of these materials available for the training sessions. See section 4.11.

F.  The final O&M Manuals shall be turned over with the closeout package. The required numbers are called out in other specific specifications.

4.5
INSTALLATION VERIFICATION

A.
During construction, observe the work of the prime contractor and subcontractors to ensure that all installations are being made in accordance with the intent of the contract documents, insofar as the installation impacts the goals of commissioning.

B.
Before system start-up begins, conduct a final installation verification audit. The audit shall include, but not be limited to, a check of:

1.
Piping specialties including balance, control, and isolation valves.

2.
Ductwork specialty items including turning devices; balance, fire, smoke, and control dampers; and access doors.

3.
Control sensor types and locations.

4.
Identification of piping, valves, starters, gauges, thermometers, etc.

5.
Documentation of pre-start-up tests performed, including manufacturers’ factory tests.

6.
Accessibility to equipment in 1-3 above.

C.
If any work is found to be incomplete, inaccessible, incorrect, or non-functional, make note of deficiencies and correct the deficiencies before system start-up work proceeds.

4.6
SYSTEM START-UP

A.
Develop a start-up plan. Commence with system start-up after approval has been given to the start-up plan and the pre-start-up inspection has been completed by the Test Engineer. The Test Engineer shall witness system start-up and list all system and equipment deficiencies noted during start-up. The Contractor shall take corrective action on all system deficiencies noted and demonstrate suitable system operation to the Test Engineer. Notify the Commissioning Authority ( CME ) of start-up activities schedule at least five working days in advance. The Commissioning Authority ( CME ) and/or delegated witnesses will physically witness start-up procedures. Test Engineer shall obtain their signatures indicating successful start-up.

4.7
START-UP DEFICIENCY LISTS

A.
Prepare start-up deficiency list forms to report deficiencies discovered in conjunction with system start-up. Start-up deficiency forms shall indicate the system being started up; the location and identification of the deficient equipment/material; date of observation; initials of the observer; observed deficiency; date of correction; initials of person making the correction; and corrective action taken.

B.
Issue start-up deficiency report forms to the Contractor for corrective action, and to the Commissioning authority ( CME ) for follow-up. The Contractor shall advise the Test Engineer and Commissioning Authority ( CME ) when all start-up deficiency list items have been corrected.

4.8
TEST, ADJUST, AND BALANCE (TAB)

A.
Perform and coordinate air and hydronic balancing as required in 17595. Advise the TAB firm when systems are complete and ready for balancing. Start TAB as early as possible following systems start-ups and component functional performance tests, in order to be essentially complete prior to system functional performance tests. Coordinate TAB activities with other construction schedule activities.

B.
Verify the accuracy of the TAB work prior to commencing any FPT activities that may be adversely affected by improper balancing.

4.9
FUNCTIONAL PERFORMANCE TEST PROCEDURES

A.
Develop start-up procedures and functional performance test commissioning procedures and documentation to be used. Personnel experienced in the technical aspects of each system to be commissioned shall be enlarged if necessary to augment the expertise of the Test Engineer. Include functional performance test procedures and functional performance test data sheets for each system based upon actual system configuration. Emphasis shall be placed on testing procedures that will conclusively determine actual system performance and compliance with the design.

B.
Test procedures shall fully describe system configuration and steps required for each test, appropriately documented so that another party can repeat the tests with virtually identical results.

C.
Acceptance test procedures must confirm the performance of systems to the extent of the design intent and applicable code under which the project was permitted. When a system is accepted, the Commissioning Authority ( CME ) must be assured that the system is complete, works as intended, is correctly documented, and that the designated SNL staff is trained in the operation and maintenance of the system.

D.
The majority of mechanical equipment requires integral safety devices to stop/prevent equipment operation unless minimum safety standards or conditions are met. This could include adequate oil pressure, proof-of-flow, non-freezing conditions, maximum head pressure, etc. Functional performance test procedures shall demonstrate the actual performance of safety shutoffs in real or closely simulated conditions of failure.

E.
Systems may include safety devices and components that control a variety of equipment operating as a system. Interlocks may be hard-wired or installed via software. Functional performance test procedures shall demonstrate these interlocks.

F.
Inform appropriate subcontractors and vendors before commissioning is started as to what the test and expected results will be. Whereas some test results and interpretations may not become evident until the actual tests are performed, all participants should have a reasonable understanding of the requirements. The commissioning plan must address the requirements and be distributed to all participants involved with that particular system.

4.10
REVIEW SOFTWARE DOCUMENTATION

A.
Review vendor/contractor-provided detailed EMCS software documentation. This includes obtaining EMCS program documentation, a review of the programming approach, interface with other systems (such as lighting, fire alarm, security, clock, emergency generator monitoring, sump pumps, and utility metering), and a review of the specific software routines as applied to this project. Discrepancies in programming approaches shall be resolved to provide SNL with the most appropriate, simple, and straightforward approach to software routines.

B.
Provide copies of all of the preceding material, including electronic copies of all control systems software, to the Commissioning Authority ( CME ) so that the delegated SNL technical staff can simulate system operation and troubleshoot the software.

4.11
TRAINING

A.
Prepare and submit a training plan for approval. The training plan shall include for each training session:

1.
Dates, start and finish times, and locations.

2.
Outline of the information to be presented.

3.
Names and qualifications of presenters.

4.
List of texts and other materials required to support training.

B.
Obtain assistance from appropriate subcontractors and vendors to provide training for the delegated SNL operations staff as specified in Divisions 15, 16, and 17.

C.
Provide videotape documentation of training of the SNL staff for each system. Training will be in a classroom setting with the appropriate schematics, handouts, and audio/visual training aids.

D.
Catalog training videotapes and deliver to the Commissioning Authority ( CME ) with the O&M manuals as part of the closeout package.

E.
Host each training session:

1.
Provide program overview and curriculum guidance.

2.
Obtain signatures of attendees on a sign-in list.

F. 
Equipment vendors provide training on the specifics of each system and philosophy, troubleshooting, maintenance recommendations and repair techniques as specified in the relevant sections of this specification.

G.  Installation subcontractors provide training on peculiarities specific to this project and job-specific experience as specified in the relevant sections of this specification.

4.12
RECORD DRAWINGS

Review record documents to verify accuracy.

4.13
EXCLUSIONS

A.
The Commissioning Authority is 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.
C.  The contractor and Test Engineer are not responsible for any Civil testing required. All testing in this area will be provided by SNL
4.15
Project Closeout

A.
See standard specification 01700B for additional information not specific to this commissioning specification.
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