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Commissioning Plan Document for LEED Fundamental Commissioning
Project:
_____________________________


_____________________________

Owner Contact:
_____________________________

Date:
________________

Overview
The purpose of this document is to identify the scope, strategies and responsibilities for all of the team members within the commissioning process for each phase of the project. It outlines the overall process, schedule, organization, responsibilities and documentation for the commissioning process.
The Commissioning Plan Document is a required document for LEED Version 2.2 EA Prerequisite 1, Fundamental Commissioning of the Building Energy Systems. This template contains the basic recommended components indicated in the LEED v2.2 Reference Guide for EA Prerequisite 1, Fundamental Commissioning of the Building Energy Systems. It does not include the added components required for EA Credit 3 Enhanced Commissioning. It should be adapted as needed to suit the project, remaining reflective of the LEED intent.

Use of this template is not required, nor are there any restrictions on editing of it. It is provided simply as a tool to assist project teams in meeting the documentation requirements for LEED Fundamental Commissioning.

This template has not been coordinated with the requirements of ASHRAE Guideline 1, The HVAC Commissioning Process. If compliance with ASHRAE Guideline 1 is required, this document must be edited as needed to comply.

The Commissioning Plan Document is typically completed by the Commissioning Authority (CxA). LEED also permits the DOR or the GC to complete the commissioning plan. Per the LEED v2.2 Reference Guide, for Fundamental Commissioning the CxA shall have documented CxA experience in at least two building projects and shall be independent of the project’s design and construction management, except that for projects less than 50,000 gross square feet the CxA may include qualified persons on the design or construction teams. 
The Commissioning Plan Document should ideally be developed at the start of design and updated throughout the course of the project. It must be completed prior to the approval of Contractor submittals of any commissioned equipment or systems to meet LEED requirements.

Updates to the Commissioning Plan Document throughout the course of project delivery shall be made by the CxA based on decisions and agreements coordinated with and agreed to by the Installation/User/Proponent.

The Commissioning Plan Document shall be included in the project’s LEED documentation file under EA PR1, Fundamental Commissioning of the Building Energy Systems.  

Generally commissioning should start at the beginning of the design development phase.  For smaller, less complex projects, the commissioning effort could wait until the beginning of the construction documents phase.
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1.
Commissioning Program Overview
1.1

Goals and Objectives

Commissioning (Cx) is a systematic process of ensuring that all the building’s energy related systems are installed and calibrated and perform interactively according to the design intent and the owner’s project requirements and operational needs.  This is achieved by beginning at the design phase with documented design and operating intent and continuing through construction and acceptance with actual verification of performance.

Commissioning during design is intended to achieve the following specific objectives:

· Ensure that the design and operational intent are clearly documented.
· Ensure that recommendations are communicated to the design team during design to aid the development of commissioning and avoid later contract modifications.
· Ensure that commissioning for the construction phase is adequately reflected in the construction documents.

Commissioning during the construction of this project is intended to achieve the following specific objectives:

· Ensure that applicable equipment and systems are installed properly and receive adequate operational checkout by installing contractors.

· Verify and document proper performance of equipment and systems through normal and other likely operational modes necessary to meet design intent.

· Ensure that O&M documentation provided to Owner is complete.

· Ensure that the Owner’s operating personnel are adequately trained.

1.2
Abbreviations and Definitions

The following are common abbreviations used in this document.  

	BOD
	Basis of DesignDesigner of Record
	FT
	Functional Performance Test 

	CxA
	Commissioning Authority
	GC
	General Contractor

	CC
	Controls Contractor
	IPM
	Installation Project Manager

	Cx
	Commissioning
	MC
	Mechanical Contractor

	Cx Plan
	Commissioning Plan Document
	PC
	Pre-functional Checklist

	DA
	Design Agent (Govt)
	PE
	Project Engineer (Govt)

	DOR 
	Designer of Record
	PM
	Project Manager (Govt)

	EC
	Electrical Contractor
	Subs
	Subcontractors to General

	FM
	Facility Manager
	TABxe "TAB"
	Test and Balance Contractor

	HVAC
	Heating, Ventilating and Air Conditioning
	USACE
	U.S. Army Corps of Engineers

	HVAC&R
	Heating, Ventilating, Air Conditioning and Refrigeration
	USER
	Facility User/Occupant


1.3

Building Information

Project Name:


Location:


Building Type (office, court, etc.):


Square Footage:                          
Expected number of stories:


Agency:                                       Tenants:


Design Period:                             Const. Period:


1.4

Systems to be Commissioned

The following checked systems will be commissioned in this project:

(Systems marked with “*”,  if provided,  must be commissioned to meet LEED requirement)

___HVAC&R system (virtually all equipment)

__*HVAC&R system (primary equipment only)

___*Passive HVAC&R system:__________________________________________
__*HVAC controls
___EMCS interface
___Indoor air quality (moderate level of effort)

___Indoor air quality (rigorous level of effort)

___*Automatic Lighting controls
___*Daylighting controls

___Electrical system power quality, grounding, etc.

___Emergency power system

___
UPS systems

___Communications system (i.e. public address, intercom): ____________________
___Security system

___Fire/smoke alarm and control system

___*Domestic hot water system
___*Electronic plumbing sensors
___Plumbing systems

___Telecommunications and data systems

___*Renewable energy system (i.e. wind, solar, geothermal, low-impact hydropower, bio-gas, bio-mass):___________________________________
___ Building envelope
___ Irrigation system

___ Gray water system

___ Rainwater harvesting system

___ Water treatment system

___ Well pumps/sump pumps

___
Fire protection/suppression systems

___
Refrigerant/other leak detection systems

___
Toxic fume monitoring systems

___
Automatic doors and gates, electronic access control/locking systems

___  _______________________________

___  _______________________________

2.
Commissioning Team Members, Roles and Responsibilities
2.1
Commissioning Team
The members of the commissioning team consist of the CxA, PM, IPM, assigned members of the PE, GC, DOR (particularly the mechanical engineer), the mechanical contractor, electrical contractor, TABxe "TAB" representative, controls contractor, any other installing subcontractors or suppliers of equipment.  If known, the Owner’s building or plant operator/ engineer is also a member of the commissioning team.

2.1.1
Owner
Typically on an Army Installation, the facilities are owned, maintained and operated by the Installation. The User is the building occupant and may change over time. If the facility is an Army Standard Design, the Installation has limited permission to revise features of the Army Standard Design, and the Facility Design Team for that standard design, which includes members from ACSIM, IMA, the Army Proponent and USACE, is the primary Owner from a functional and use standpoint. A significant element of Army Standard Designs is their provision of consistent functional features at all Army Installations, which supports unit mobility between Army Installations. The development of Owner requirements for a particular facility, therefore, requires the combined, coordinated contributions of potentially several entities.
In some instances, Tenant organizations on an Army Installation have agreement with the Installation whereby the Tenant organization maintains and operates its facilities with limited Installation input. Examples of these are SOF, DoDMedical, AAFES. For Tenant facilities the role of Owner shifts with Installation input reduced in accordance with Installation/Tenant agreements.
___This project is an Army Standard Design and the Owner is the Army Facility Design Team for this standard with support from the Installation.

___This project is not an Army Standard Design and the Owner is the Installation with support from the User.

___This project is for an Army Installation tenant that maintains its own facilities and the Owner is the Tenant organization PM with support from the Installation. 

2.1.2
Not Used
2.1.3
Commissioning Authority (CxA)

This project ____ has design and construction responsibility in one USACE district ____has design responsibility and construction responsibility in separate USACE districts. 

During the design phase, the CxA for this project is

___ an employee of the USACE District who is not on the DOR team 

___ an employee of the USACE District who is on the DOR team (facility is less than 50,000 gross square feet) 

___ an employee or consultant of the DOR firm who is not on the DOR team 

___ an employee or consultant of the DOR firm who is on the DOR team (facility is less than 50,000 gross square feet)

___ an employee or consultant of the Design-Build Contractor who is not on the Construction Team installing the systems.

___ a member of the Design-Build Contractor’s Construction Team (facility is less than 50,000 gross square feet)

___other:_______________________________________________________

During construction phase, the CxA for this project is

___ the same as the CxA for the design phase

___ an employee of the USACE District who is not on the DOR team 

___ an employee of the USACE District who is on the DOR team (facility is less than 50,000 gross square feet) 

___ an employee or consultant of the DOR firm who is not on the DOR team 

___ an employee or consultant of the DOR firm who is on the DOR team (facility is less than 50,000 gross square feet)

___ an employee or consultant of the Design-Build Contractor who is not on the Construction Team installing the systems.

___ a member of the Design-Build Contractor’s Construction Team (facility is less than 50,000 gross square feet)

___ an employee or consultant of the Construction Contractor who is not on the Construction Team installing the systems.

___ a member of the Construction Contractor’s Construction Team (facility is less than 50,000 gross square feet)

___other:_______________________________________________________

___The following CxA responsibilities during construction phase will be delegated:

______________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

2.1.4
Commissioning Team Members
	Team Member
	Co. & Contact Names
	Voice, office, cell, fax, 

email, address

	Owner

USACE Project Manager
	
	

	
Installation Project Manager
	
	

	
Property Manager
	
	

	
__________________
	
	

	USACE Project Engineer

General Site Contact
	
	

	
Mechanical
	
	

	General Contractor
Site Supervisor

	
	

	

Site Coordinator
	
	

	Commissioning Authority

Design
Construction
	
	

	Architect


	
	

	Mechanical Designer/Eng.
	
	

	Electrical Designer/Eng.
	
	

	Tenant Representative
	
	

	Mechanical Contractor


HVAC Site Superv.
	
	

	
Piping Contractor
	
	

	
Sheet Metal Contractor
	
	

	Electrical Contractor
	
	

	
Site Supervisor
	
	

	TABxe "TAB" Contractor


	
	

	Controls Contractor

Project Manager

Project Engineer
	
	


2.2
Roles and Responsibilities

2.2.1
General

General descriptions of the commissioning roles are as follows:


CxA:
Coordinates the Cx process, develops and updates Cx Plan, assist, reviews and approves incorporation of commissioning requirements in construction documents. Writes or approves tests, oversees and documents performance tests. Develops Commissioning Report.


PE:
Facilitates the Cx process.  Coordinates between GC and CxA. Approves test plans and signs-off on performance. Performs construction observation, approves O&M manuals (design-bid-build contracts).

GC:
Facilitates the Cx process, ensures that Subs perform their responsibilities and integrates Cx into the construction process and schedule


Subs:
Demonstrate proper system performance


DOR:
Develops and updates Basis of Design, incorporates commissioning requirements in construction documents. Performs construction observation, approves O&M manuals (design-build contracts) and assists in resolving problems


PM:
Facilitates and supports the Cx process 


Mfr.:
The equipment manufacturers and vendors provide documentation to facilitate the commissioning work and perform contracted startup

2.2.2
Roles and Responsibilities

Detailed roles and responsibilities for this project’s commissioning tasks are indicated in the following table:

(Check the boxes to indicate responsible parties for each task – highlighted boxes indicate the most common designations. Revise narrative as needed to reflect designations)

	Commissioning Tasks and Responsibilities

	Responsibility of
	Task

	Commissioning Plan

	DA
	DOR
	CA
	PM
	IPM
	USER
	FM
	PE
	GC
	TAB
	CC
	MC
	EC
	Subs
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	Prepare and update 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	Coordinate input from involved parties

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	Review and approve (incl updates) 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	Provide to AE at start of design

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	Provide to PE at start of construction

	Owners Project Requirements

	DA
	DOR
	CA
	PM
	IPM
	USER
	FM
	PE
	GC
	TAB
	CC
	MC
	EC
	Subs
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	Prepare and update 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	Coordinate input from involved parties

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	Participate in development/updates

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	Review and approve (incl updates)

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	Provide to AE at start of design

	Basis of Design Document

	DA
	DOR
	CA
	PM
	IPM
	USER
	FM
	PE
	GC
	TAB
	CC
	MC
	EC
	Subs
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	Prepare and update 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	Coordinate input from involved parties

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	Review and approve (incl updates) 

	Commissioning Specifications

	DA
	DOR
	CA
	PM
	IPM
	USER
	FM
	PE
	GC
	TAB
	CC
	MC
	EC
	Subs
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	Prepare and update 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	Review and approve (incl updates) 

	Design Reviews for Commissioning

	DA
	DOR
	CA
	PM
	IPM
	USER
	FM
	PE
	GC
	TAB
	CC
	MC
	EC
	Subs
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	Review and approve (incl updates) 

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Prefunctional Checklists, Testing & Startup

	DA
	DOR
	CA/CS
	PM
	IPM
	USER
	FM
	PE
	GC
	TAB
	CC
	MC
	EC
	Subs
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	Coordinate schedule

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	Prepare prefunctional checklists

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	Review and approve checklists (incl updates) 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	Execute prefunctional tests

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	Witness prefunctional tests

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	Verify prefunctional tests and startup are complete

	TAB

	DA
	DOR
	CA/CS
	PM
	IPM
	USER
	FM
	PE
	GC
	TAB
	CC
	MC
	EC
	Subs
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	Coordinate schedule

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	Prepare and submit plan

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	Review plan

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	Ensure TAB/CC plan coordination

	Controls Checkout

	DA
	DOR
	CA/CS
	PM
	IPM
	USER
	FM
	PE
	GC
	TAB
	CC
	MC
	EC
	Subs
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	Coordinate schedule

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	Prepare and submit plan

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	Review plan

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	Ensure TAB/CC plan coordination

	Functional Testing

	DA
	DOR
	CA/CS
	PM
	IPM
	USER
	FM
	PE
	GC
	TAB
	CC
	MC
	EC
	Subs
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	Coordinate schedule

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	Develop functional test procedures

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	Develop Testing Plan Overview

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	Execute tests

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	Witness tests

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	Document test results

	O&M Manuals & Warranties

	DA
	DOR
	CA
	PM
	IPM
	USER
	FM
	PE
	GC
	TAB
	CC
	MC
	EC
	Subs
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	Include requirements in specifications

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	Review specifications

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	Prepare submittals

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	Review submittals

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	Assemble approved submittals

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	Coordinate transfer to Facility Manager

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Owner Training

	DA
	DOR
	CA
	PM
	IPM
	USER
	FM
	PE
	GC
	TAB
	CC
	MC
	EC
	Subs
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	Include requirements in specifications

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	Review specifications

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	Prepare training plan submittals

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	Review submittals

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	Provide Training

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	Coordinate Training Attendance

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	Verify training completion

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	Assemble training documents

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	Coordinate transfer to Facility Manager

	Commissioning Report

	DA
	DOR
	CA
	PM
	IPM
	USER
	FM
	PE
	GC
	TAB
	CC
	MC
	EC
	Subs
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	Prepare report

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	Coordinate transfer to Facility Manager

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 


2.3
Communication Protocol, Coordination, Meetings and Management

2.3.1
Coordination of Commissioning During Design

The PM will be the coordinator of the commissioning activities during design. The CxA for the design phase makes any necessary clarifications and changes to the original Commissioning Plan. This final plan guides the commissioning work during design.  Necessary adjustments to the DOR fees relative to Commissioning Plan changes are negotiated.
2.3.1.1
Meetings

The PM will be the coordinator of the commissioning meetings during design.  A kick-off meeting will be held with the design team at the beginning of   ___Conceptual Design Phase,  ___Design Development Phase,  ___Construction Documents Phase.  This meeting is held after the Cx Plan has been finalized.  The meeting includes reviewing the process and outlining each party’s responsibilities.  This meeting ____may _____may not be combined with a larger meeting agenda.
Design review conferences will include an agenda item for commissioning if the CxA or the DOR asks the PM to place it on the meeting agenda. The CxA will attend all design review meetings that include an agenda item for commissioning.
2.3.2
Coordination of Commissioning During Construction

In general, the CxA coordinates the commissioning activities and reports to the ___PE,    ___GC,   ___DOR.  The CxA’s responsibilities, along with all other contractors’ commissioning responsibilities are detailed in the specifications.  The Specifications will take precedence over this Cx Plan.  All members work together to fulfill their contracted responsibilities and meet the objectives of the Contract Documents.  
2.3.3
Communication  Protocols

The following protocols will be used on this project.


Issue





Protocol
	For requests for information (RFI) or formal documentation requests:
	
	Design:  The CxA goes through the PM.

Construction:  The CxA goes through the PE.

	For minor or verbal information and clarifications:
	
	
The CxA goes direct to the informed party.

	For notifying contractors of deficiencies:
	
	Design: The CxA documents deficiencies through the PM.

Construction: The CxA documents deficiencies through the PE, but may discuss deficiency issues with contractors prior to notifying the PE.

	For scheduling functional tests or training:
	
	___The CxA may provide input for and do some coordination of training and testing, but does not do any scheduling.

	For scheduling commissioning meetings:
	
	Design: The PM selects the date and schedules meetings.

Construction:  The CxA selects the date and schedules through the:
___PE,  ___GC.


	For making a request for significant changes:
	
	The CxA has no authority to issue change orders.

	For making small changes in specified sequences of operations:
	
	___The CxA may make small sequences of operations changes to improve efficiency or control or to correct deficiencies, through the responsible contractor, but shall document the change and provide all changes of specified sequences to the PE and A/E.

___The CxA may not make changes to specified sequences without approval from the DOR.

	Subcontractors disagreeing with requests or interpretations by the CxA shall:
	
	Try and resolve with the CxA first.  Then work through GC who will work with CxA directly or through the PE to resolve the situation.

	_________________________________
	
	_________________________________________________________

	_________________________________
	
	_________________________________________________________


3.

Commissioning Tasks
3.1

Overview of Commissioning Tasks
The following tasks comprise the commissioning work:
(Tasks marked with “*”are required for LEED 2.2 EAPR1 Fundamental Commissioning)
1.
*Develop Owner’s requirements documentation.

2.
*Develop Basis of Design documentation

3.
Perform a review of Design Development

5.
*Develop commissioning specifications for the construction bid documents

6.
Perform a final review of the drawings and specifications

7.
*Prepare and execute pre-functional checklists, tests and startup

8.
*Develop functional test and verification procedures

9.
*Execute functional testing

10.
Review O&M manuals and warranties
11.
Verify training and orientation of Owner personnel

12.
*Compile commissioning record

13.
*Prepare summary report

3.2

Description of Commissioning Tasks
3.2.1
Owner’s Project Requirements

The Design Agent (DA) shall develop the Owner’s Project Requirements Document. The Owner’s Project Requirements Document is a dynamic document that provides the explanation of the ideas, concepts and criteria that are considered to be very important to the owner. It is initially the outcome of the programming and conceptual design phases.  It covers the following, for each system, major component, facility and area:

· General system description

· Objectives and functional use of the system, equipment or facility

· General quality of materials and construction

· Occupancy requirements

· Indoor environmental quality, IEQ (space temperature, relative humidity, indoor air quality, noise level, illumination level, etc.)

· Performance criteria (general efficiency, energy and tolerances of the IEQ objectives, etc.)

· Budget considerations and limitations

· Restrictions and limitations of system or facility

Documentation Format and Detail

The format and rigor of the Owner’s project requirements documentation will be similar to the example documentation format found in the USACE LEED Owner’s Project Requirements Template, available at http://en.sas.usace.army.mil, “Engineering Criteria”.  


3.2.2
Basis of Design

The Designer of Record (DOR) shall develop the Basis of Design (BOD). The basis of design is the documentation of the primary thought processes and assumptions behind design decisions that were made to meet the Owner’s project requirements. The basis of design describes the systems, components, conditions and methods chosen to meet the intent. Some reiterating of the design intent may be included. The following should be included in the basis of design for major equipment:

· Specific description of systems, components and methods for achieving the design intent objectives. (For example, for a rooftop air conditioning unit include: why this system was chosen above others, details of size, efficiencies, areas served, capacity control details, compressors, coils, dampers, set points, filters, economizers, minimum ventilation control, control type, noise and vibration criteria, tie-in to other systems, sequences of operation under all modes of operation, control strategies, roof curbs, level of screening, etc.)
· Manufacturers’ catalog cut-sheets
· Equipment maintainability

· Fire, life, safety:  criteria, general strategy narrative and detailed sequences

· Emergency power control and function

· Energy performance

· Ventilation strategies and methods

· Complete sequences of operation, including set points and control parameters

· Schedules

· Applicable codes and standards

· Primary load and design assumptions

· Diversity used in sizing

· Occupant density and function

· Indoor conditions (space temperature, relative humidity, CO2 level, lighting power density, ventilation and infiltration rates, etc.)

· Outdoor conditions

· Glazing fraction, U-value and shading coefficient

Information of secondary importance to the commissioning and operation of the building should be documented by the design team, but is not included in the design documentation described here or included in the O&M manuals (e.g., wall R-values, mass, etc.)

The detail of the basis of design increases as the design process progresses. In the beginning, the design documentation required is primarily a narrative of the building system descriptions, the purpose of the systems, how the systems will meet those objectives and why this system or method was chosen above others. As the design process progresses, the design documentation includes a specific description of the system and components, its function, how it relates to other systems, sequences of operation, and operating control parameters.

The basis of design document is not a substitute for what may be required in the specifications or contract.

Basis of Design documentation for other components and systems such as structural, interior design, furnishings, etc. may be required, but are not a part of the commissioning work unless listed and checked herein.  

Documentation Format and Detail

The format and rigor of the design intent documentation will be similar to the example documentation format found in the USACE LEED Basis of Design Template, available at http://en.sas.usace.army.mil, “Engineering Criteria”. The design team follows the example format and level of detail for, at a minimum, the systems checked above in paragraph Systems to be Commissioned. 

Submittal and Review

The Basis of Design Document is submitted with each design submittal. The CxA reviews it and comments in DrChecks. The DOR responds to CxA comments through DrChecks. 
A copy of the final design submittal basis of design is provided to the commissioning authority at the beginning of construction.  A final as-built copy is prepared and is included in the O&M manuals at the end of construction.

Sequences of Operation

Detailed written sequences of operation shall be developed with the following components clearly and completely described for each piece of dynamic equipment:

· An overview narrative of the system (1 or 2 paragraphs) generally describing its purpose, components and function

· All interactions and interlocks with other systems

· Detailed delineation of control between any packaged controls and the building automation system (BAS), listing what points the BAS monitors only and what BAS points are control points and are adjustable
· EMCS interface and trend log data
· Written sequences of control for packaged controlled equipment.  (Equipment manufacturers’ stock sequences may be included, but will generally require additional narrative.)

· Startup sequences

· Warm-up mode sequences

· Normal operating mode sequences

· Unoccupied mode sequences

· Shutdown sequences

· Capacity control sequences and equipment staging

· Temperature and pressure control:  setbacks, setups, resets, etc.

· Detailed sequences for all control strategies, e.g., economizer control, optimum start/stop, staging, optimization, demand limiting, CO2 control, humidity control, occupant control, etc.

· Effects of power or equipment failure with all standby component functions

· Sequences for all alarms and emergency shut downs

· Seasonal operational differences and recommendations

· Initial and recommended values for all adjustable settings, set points and parameters that are typically set or adjusted by operating staff; and any other control settings or fixed values, delays, etc. that will be useful during testing and operating the equipment

· Schedules, if known

· All sequences shall be written in small statements, each with a number for reference.  For a given system, numbers will not repeat for different sequence sections, unless the sections are numbered.
· The CxA shall monitor equipment selection during the construction phase and shall update the Sequences of Operation to reflect the selection of dynamic equipment whose sequences differ from the sequences assumed as the basis of design.
Fire and Emergency Power Response Matrix

An HVAC fire and emergency power response matrix that lists all equipment and components (air handlers, dampers, valves, etc.) with their status and action during a fire alarm and under emergency power shall be developed.  An example of a fire and power response matrix and flow chart are found in Appendix 1.

3.2.3  Commissioning Specification Development

Commissioning specifications for inclusion in the construction bid documents are developed by members of the design team as part of the commissioning process during design. The CxA may participate in commissioning specification development. 

Purpose

The commissioning specifications provide the requirements and process for properly executing the commissioning work.

Specification Content

The commissioning specifications shall provide a clear description of the extent of the verification testing required, including what components and systems will be tested and the documentation, reporting and scheduling requirements.  Details of the extent of testing and who is responsible for writing tests, executing tests, witnessing and signing-off on tests shall be included.  The relationship between and requirements for start-up, pre-functional checklists, manual functional performance tests, control system trend logs and stand-alone data logging shall also be given.  Example pre-functional and functional tests shall be included in the specifications.  The specifications shall also detail the operator training and the O&M documentation and any O&M plan requirements.  Any specific program of tasks focusing on indoor air quality shall be included in the specifications.

Coordination, Reporting and Review

The DOR is responsible for developing the individual sections of the commissioning specifications and coordinates the commissioning specification effort. 
3.2.4
Review of Drawings and Specifications

(CxA review of design documents is recommended but is not a requirement for LEED 2.2 EAPR1 Fundamental Commissioning)
The commissioning authority, along with the traditional design team members, reviews the full set of Construction Documents and specifications when approximately 50% and 95% complete.  
The PM ensures the CxA is included in distribution of design submittals.  

The commissioning authority compares the design with the interests and needs of the Owner as identified in the Owners Project Requirements document. The CxA also reviews the submittal with respect to the design areas checked in the table below, exercising the level of rigor checked in the table below.  

The commissioning authority reviews the specifications and comments in DrChecks. The DOR responds to CxA comments through DrChecks. Closing of all CxA comments indicates CxA approval.

The commissioning authority review does not include review for design concept, design criteria or compliance with codes.  The commissioning authority does not verify the designers’ calculations or proof schematics or layouts in detail.  The constructability review is performed by another party.  For example, the commissioning authority does not verify appropriate pipe or duct sizing, but may provide comments on unusually tight or restrictive duct layouts and bends or a poor location of a static pressure sensor.
Though the commissioning authority coordinates and reviews the commissioning specifications, the ultimate responsibility for their content and preparation lies with the DOR.

Table 5-3.
Commissioning Authority Drawing and 

Specification Review
	Design Area
	Review Description
	Rigor

	___ Commissioning 
       facilitation
	Input regarding making the building easier to commission 
(see Commissioning Facilitation below)
	__moderate
__rigorous

	___Component energy 
      efficiency
	Review for adequacy of the efficiency of bldg. shell components, HVAC systems and lighting systems.
	__moderate
__rigorous

	___Control system &
      control strategies
	Review ___HVAC,  ___lighting,  ___fire control,  ___security    control system, strategies and sequences of operation for adequacy and efficiency.
	__moderate
__rigorous

	___Operation and 
      maintenance
	Review for effects of specified systems and layout toward facilitating O&M   (equipment accessibility, system control, etc.).
	__moderate
__rigorous

	___Indoor environmental 
      quality1
	Review to ensure that systems relating to  ___thermal,  ___visual,  ___acoustical,  ___air quality comfort,  ___air distribution   are in accordance with the design intent.
	__moderate
__rigorous

	___Environmental 
      sustainability
	Review to ensure that the ___building materials,  ___landscaping,  ___use of water resources,  ___waste management  are in accordance with the design intent.
	__moderate
__rigorous

	___Facility performance
      and design intent
	Identify flaws, oversights, or insufficient detail in the design, relevant to being able to reasonably meet the design intent
	__moderate
__rigorous

	___Functionality for 
      tenants
	Review to ensure that the design meets the functionality needs of the tenants.
	__moderate
__rigorous

	___ Life cycle costs
	Perform a ___qualitative,   ___quantitative   lifecycle assessment of the primary competing systems relative to ___energy efficiency,  ___O&M,  ___IEQ,  ___functionality.
	__moderate
__rigorous

	___O&M documentation 

	Verify that building O&M plan and documentation requirements specified are adequate
	__moderate
__rigorous

	___Training
	Verify that operator training requirements specified are adequate.
	__moderate
__rigorous

	
___Commissioning 
      specifications
	Verify that bid documents adequately specify building commissioning and that there are adequate monitoring and control points specified to facilitate commissioning and O&M (trending capabilities, test ports, control points, gages and thermometers).
	
__moderate
__rigorous

	___Review of engineering 
      assumptions
	Review the engineering assumptions relating to equipment sizing, energy efficiency decisions and HVAC cost-benefit calculations
	__moderate
__rigorous

	___Owner’s design guide or standard
	Verify that the design complies with the Owner’s own design standard or guideline.
	__moderate
__rigorous


3.2.4.1
Commissioning Facilitation

One of the primary tasks for the commissioning authority is reviewing the design documents to facilitate commissioning during construction.  Many of the features that facilitate commissioning will also enhance ease of building operation.  All items from the list below shall be considered for incorporation into the project.  
If Commissioning Facilitation is checked in the table above, CxA design submittal reviews will include the following:

1. Clear and rigorous design documentation, including detailed and complete sequences of operation.

2. An HVAC fire and emergency power response matrix that lists all equipment and components (air handlers, dampers, valves, etc.) with their status and action during a fire alarm and under emergency power (Appendix 1 example to be edited for project).

3. Access for reading gages, entering doors and panels, observing and replacing filters, coils, etc.

4. Required isolation valves, dampers, interlocks, piping, etc. to allow for manual overrides, simulating failures, seasons and other testing conditions.

5. Sufficient monitoring points in the building automation system (BAS), even beyond that necessary to control the systems, to facilitate performance verification and O&M.

6. Adequate trending and reporting features in the BAS, EMCS graphics.

7. Pressure and temperature (P/T) plugs close to controlling sensors for verifying their calibration.

8. Pressure gages, thermometers and flow meters in strategic areas for verifying system performance and ongoing O&M.

9. Pressure and temperature (P/T) plugs at less critical areas or on smaller equipment where gages and thermometers would be over-kill.

10. Specification of the location and criteria for the VAV duct static pressure sensor and chilled water and/or hot water differential pressure sensor.

11. Adequate balancing valves, flow metering and control stations and control system functions to facilitate and verify reliable test and balance.

12. Uniform inlet connection requirements to VAV terminal boxes.

13. Clear and complete commissioning specifications for the construction phase.

14. Complete O&M documentation requirements in the specifications.

15. Complete training requirements in the specifications.

16. Review entire document and building information management plan from design through construction and turnover to ensure adequacy and compliance with the owner’s program.

3.2.5
Pre-functional Checklists, Tests and Startup

Pre-functional checklists (PC) are important to ensure that the equipment and systems are hooked up and operational and that functional performance testing may proceed without unnecessary delays.  Each piece of equipment receives full pre-functional checkout by the Contractor.  No sampling strategies are used.  In general, the pre-functional testing for a given system, must be successfully completed prior to formal functional performance testing of equipment or subsystems of the given system.

Pre-functional checklists are primarily static inspections and procedures to prepare the equipment or system for initial operation (e.g., oil levels OK, fan belt tension, labels affixed, gages in place, sensor calibration, etc.).  However, some pre-functional checklist items entail simple testing of the function of a component, a piece of equipment or system (such as measuring the voltage imbalance on a three phase pump motor of a chiller system).  The word pre-functional refers to before functional testing. Pre-functional checklists augment and are combined with the manufacturer’s start-up checklist.  

The CxA does not witness much of the pre-functional check-listing, except for testing of larger or more critical pieces of equipment and some spot-checking.

3.2.5.1
Start-up Plan

A.  ___The following procedures will be used for this project: (the CxA is responsible for the plan development):

1. The CxA adapts and enhances, if necessary, the example pre-functional checklists (PC) and procedures, and develops original lists, as necessary.

2. The CxA obtains manufacturer installation, startup and checkout data, including actual field checkout sheets used by the field technicians from the contractor (through an RFI).

3. The CxA copies all pages with important instructional data and procedures from the startup and checkout manuals not covered in manufacturer field checkout sheets and adds a signature line in the column by each procedure.

4. The copied pages from (2), along with the pre-functional checklist provided by the CxA and the manufacturer field checkout sheets become the “Startup and Checkout Plan.” 
5. For systems that may not have adequate manufacturer startup and checkout procedures, particularly for components being integrated with other equipment, the Sub provides the added necessary detail and documenting format to the CxA for approval, prior to execution.

6. The CxA transmits the full Startup Plan to the GC, who designates which trade or contractor is responsible to fill out each line on the Pre-functional Checklist from the CxA.  The GC then transmits the full start-up plan to the Subs for their review and use. (This usually means that the Pre-functional Checklist, alone, will go to more than one Sub, while the full plan will go to the primary installing contractor.)

(OR(
B.  ___The following procedures will be used for this project: (the Sub is responsible for the plan development):

1. The CxA adapts and enhances, if necessary, the example pre-functional checklists (PC) and procedures and develops original lists, as necessary.  

2. The CxA transmits them to the GC who designates which trade or contractor is responsible to fill out each line item on the Pre-functional Checklist from the CA.  The GC then transmits the checklist to the responsible Subs.

3. The Sub designated to develop the Start-up Plan obtains manufacturer installation, start-up and checkout data, including actual field checkout sheets used by the field technicians.

4. The Sub copies all pages with important instructional data and procedures (not covered in manufacturer field checkout sheets) from the start-up and checkout manuals and adds a signature line in the column by each procedure.

5. The copied pages from (2), along with the pre-functional checklist provided by the GC (originally from the CxA) and the manufacturer field checkout sheets become the “Start-up and Checkout Plan.” 
6. For systems that may not have adequate manufacturer start-up and checkout procedures, particularly for components being integrated with other equipment, the Sub should provide the added necessary detail and documenting format to the CxA for approval, prior to execution.

7. The Sub transmits the full Start-up Plan to the CxA for review and approval.

8. The CxA reviews and approves the procedures and the format for documenting them.  The GC then transmits the full start-up plan to the Subs for their review and use. (This usually means that the Pre-functional Checklist, alone, will go to more than one Sub, while the full plan will go to the primary installing contractor.)

3.2.5.2
Execution of Checklists and Startup

Four weeks prior to startup, the Subs and vendors schedule startup and initial checkout with the PE, GC and CxA.  The startup and initial checkout are directed and executed by the Sub or vendor.  The CxA, and PE if necessary, observe, at minimum, the procedures for each piece of primary equipment, unless there are multiple units, when a sampling strategy is used.  For components of equipment, (e.g., VAV boxes), the CxA observes a sampling of the pre-functional and start-up procedures.  

To document the process of startup and checkout, the site technician performing the line item task initials and dates each paragraph of procedures in the “Startup Plan” and checks off items on the pre-functional and manufacturer field checkout sheets, as they are completed.  Only individuals having direct knowledge of a line item being completed shall check or initial the forms.

The Subs and vendors execute the checklists and tests and submit a signed copy of the completed start-up and pre-functional tests and checklists to the CxA.  The CxA may review pre-functional checklists in progress, as necessary.  

3.2.5.3
Sampling Strategy for CxA Observation of Pre-functional Checkout and Startup

The following table provides a tentative list of the equipment and how much of the pre-functional checkout and startup work will be witnessed by the commissioning authority.

	
Equipment or System
	Fraction To Be 
Observed by CxA

	Central plant (chillers, boilers, cooling tower)
	50%

	Packaged roof top units
	50%

	Pumps, VFD’s
	10%

	Pipe flushing
	At beginning and end

	Terminal units
	2%

	Building automation system
	Observe ___ hours of checkout and calibration

	TABxe "TAB" work
	Observe ___ hours of TABxe "TAB"

	Other misc. equipment
	As necessary

	
	


3.2.5.4
Deficiencies and Non-Conformance

The Subs clearly list any outstanding items of the initial start-up and pre-functional procedures that were not completed successfully at the bottom of the procedures form or on an attached sheet.  The procedures form and deficiencies are provided to the CxA within two days of test completion.  The CxA works with the Subs and vendors to correct and retest deficiencies or uncompleted items, involving the PE and others as necessary.  The installing Subs or vendors correct all areas that are deficient or incomplete according to the checklists and tests.  The CxA recommends approval of the startup and initial checkout of each system to the PE.  

3.2.5.5
Phased Commissioning

Because of project size, this project   ___will require,   ___will not require   startup and initial checkout to be executed in phases. 

3.2.5.6
 TAB
(CxA review of TAB plan is recommended but is not a requirement for LEED 2.2 EAPR1 Fundamental Commissioning)
The TABxe "TAB" contractor submits the outline of the TAB plan and approach to the CxA and the controls contractor eight weeks prior to starting the TAB.  Included in the approach, is an explanation of the intended use of the building control system.  The CxA reviews the plan and approach for understanding and coordination issues and may comment, but does not “approve.”  The controls contractor reviews the feasibility of using the building control system for assistance in the TAB work.  The TAB submits weekly written reports of discrepancies, contract interpretation requests and lists of completed tests to the CxA and PE.  This facilitates quicker resolution of problems and will result in a more complete TAB before functional testing begins.
TABxe "TAB" work will not begin until the control system has been pre-functionally tested and selective functional tests have been performed and approved by the CxA.

3.2.5.7
Controls Checkout Plan

The controls contractor develops and submits a written step-by-step plan to the CxA which describes the process they intend to follow in checking out the control system and the forms on which they will document the process.  The controls contractor will also meet with the TABxe "TAB" contractor prior to the start of TAB and review the TAB plan to determine the capabilities of the control system for use in TAB.  The controls contractor will provide the TAB with any necessary unique instruments for setting terminal unit boxes and instruct TAB in their use (handheld control system interface for use around the building during TAB, etc.).  The controls contractor shall also provide a technician qualified to operate the controls to assist the TAB contractor in performing TAB. 
All CxA-required controls pre-functional checklists, calibrations, start-up and selected functional tests of the system shall be completed and approved by the CxA prior to TABxe "TAB".  The controls contractor shall execute the tests and trend logs assigned to them and remain on site for assistance for mechanical system functional tests as specified.

3.2.6
Development of Functional Test and Verification Procedures

3.2.6.1
Overview

Functional testing is the dynamic testing of systems (rather than just components) under full operation (e.g., the chiller pump is tested interactively with the chiller functions to see if the pump ramps up and down to maintain the differential pressure set point).  Systems are tested under various modes, such as during low cooling or heating loads, high loads, component failures, unoccupied, varying outside air temperatures, fire alarm, power failure, etc.  The systems are run through all of the control system’s sequences of operation and components are verified to be responding as the sequences state.  The CxA develops the functional test procedures in a sequential written form, coordinates, oversees and documents the actual testing, which is usually performed by the installing contractor or vendor.

3.2.6.2  Scope of Testing


The specifications provide specific functional testing scope for each piece of commissioned equipment. A detailed description of the functional and pre-functional testing procedures and process is found in the specifications.  If specific testing requirements were not included in the bid documents and original specifications, they should be developed for this project for each piece of commissioned equipment.  

3.2.6.3
Development Process

Before test procedures are written, the CxA obtains all requested documentation and a current list of change orders affecting equipment or systems, including an updated points list, control sequences and set points.  The CxA develops specific test procedures to verify proper operation of each piece of equipment and system, using the testing requirements in the specifications. The CxA obtains clarification, as needed, from contractors and the DOR regarding sequences and operation to develop these tests.  Prior to execution, the CxA provides a copy of the primary equipment tests to the installing Sub (via the GC) who reviews the tests for feasibility, safety, warranty and equipment protection. Blank copies of the procedures are input into the O&M manuals for later use by operations staff.  
Functional testing and verification may be achieved by manual testing (persons manipulate the equipment and observe performance) or by monitoring the performance and analyzing the results using the control system’s trend log capabilities or by stand-alone data loggers.  The CxA follows the Specifications when given and uses judgment where needed to determine which method is most appropriate.  According to the Specifications, not all pieces of identical equipment receive in-depth testing.  The CxA reviews owner-contracted, factory or required owner acceptance tests and determines what further testing may be required to comply with the Specifications.  Redundancy is minimized.

The specifications indicate the owner-contracted or conducted tests for which the CxA does not write procedures or document execution.  Included is the CxA’s judgement as to the rigor of the tests and the need for more in-depth testing.  The CxA reviews and approves documentation format of these tests prior to execution, but does not develop the procedures or document their execution, unless so requested by the PE.

3.2.6.4
Testing Plan Overview

The GC develops the testing plan overview to provide the contractors with a better idea of where functional testing lies in the schedule, what issues are preventing the start of testing, which contractors are needed for each test and how much time might be expected from them.  This is developed after most equipment has been started up and when functional testing dates are not too far off.  The testing plan overview is provided to the Contractors to assist in moving more efficiently to functional testing.

3.2.7
Execution of Functional Testing Procedures

3.2.7.1
Overview and Process

The CxA schedules functional tests through the PE, GC and affected Subs.  For any given system, prior to performing functional testing, the CA waits until the pre-functional checklist has been submitted with the necessary signatures, confirming that the system is ready for functional testing.  The CxA oversees, witnesses and documents the functional testing of all equipment and systems according to the Specifications and the Cx Plan.  The Subs execute the tests.  The control system is tested before it is used to verify performance of other components or systems.  The air balancing and water balancing is completed and debugged before functional testing of air-related or water-related equipment or systems.  Testing proceeds from components to subsystems to systems and finally to interlocks and connections between systems. The CxA documents the results of the test. 

3.2.7.2
Deficiencies and Retesting

  Corrections of minor deficiencies identified are made during the tests at the discretion of the CxA.  The CxA records the results of the test on the procedure or test form.  Deficiencies or non-conformance issues are noted and reported to the PE.  Subs correct deficiencies, notify the CxA and certify correction.  The CxA schedules retesting through the PE.  Decisions regarding deficiencies and corrections are made at as low a level as possible, preferably between CxA or PE and the Sub.  For areas in dispute, final authority resides with the PM.  The CxA recommends acceptance of each test to the PE.  The PE gives final approval on each test. 
3.2.7.3
Facility Staff and DOR Participation

The Owner’s facilities operating staff and the DOR are encouraged to attend and participate in the testing process.   The CxA will notify the ___PE,   ___PM, who will then notify the facility staff/DOR when the commissioning events will occur.

3.2.7.4
Sampling

Multiple identical pieces of non-life-safety or otherwise non-critical equipment may be functionally tested using a sampling strategy.  The Specifications specify the sampling strategies that are used on this project.

3.2.8
O&M Manuals and Warranties

3.2.8.1
Standard O&M Manuals

(CxA review of O&M manuals and equipment warranties is recommended but is not a requirement for LEED 2.2 EAPR1 Fundamental Commissioning)
The CxA reviews the O&M manuals, documentation and red line as-builts for systems that were commissioned to verify compliance with the Specifications.  The CxA recommends approval and acceptance of these sections of the O&M manuals to the PE.  The CxA also reviews each equipment warranty and verifies that all requirements to keep the warranty valid are clearly stated.  

3.2.9
Training and Orientation of Owner Personnel

The following training will be provided in this project:

HVAC&R system (all equipment)

___video
___class
___hands-on
HVAC&R system (primary equipt only)
___video
___class
___hands-on
Passive HVAC&R system


___video
___class
___hands-on HVAC controls



___video
___class
___hands-on EMCS interface



___video
___class
___hands-on Indoor air quality (moderate)


___video
___class
___hands-on Indoor air quality (rigorous)


___video
___class
___hands-on Automatic Lighting controls


___video
___class
___hands-on Daylighting controls



___video
___class
___hands-on Electrical system



___video
___class
___hands-on Emergency power system


___video
___class
___hands-on Communications system


___video
___class
___hands-on Security system



___video
___class
___hands-on Fire/smoke alarm and control system

___video
___class
___hands-on Domestic hot water system


___video
___class
___hands-on Electronic plumbing sensors


___video
___class
___hands-on Plumbing systems



___video
___class
___hands-on Telecommunications and data systems
___video
___class
___hands-on Renewable energy system 


___video
___class
___hands-on Building envelope



___video
___class
___hands-on Irrigation system



___video
___class
___hands-on Gray water system



___video
___class
___hands-on Rainwater harvesting system


___video
___class
___hands-on Water treatment system


___video
___class
___hands-on _______________________________
___video
___class
___hands-on   _______________________________
___video
___class
___hands-on
3.2.10
Commissioning Record

The CxA will compile, organize and index the following commissioning data by equipment into labeled, indexed and tabbed, three-ring binders and deliver it to the GC, to be included with the O&M manuals. The correspondence, meeting minutes and progress reports, miscellaneous notes, etc. kept in the Commissioning Record Book during construction will not be retained into this record and the O&M manuals.  The format of the manual follows:

General


Tab I-1
Commissioning Plan


Tab I-2
Final Commissioning Report


Tab I-3
Issues Log (record of deficiencies)


Tab I-4
Progress Record 

Equipment Specific

Tab 01
System Type 1   (chiller system, packaged unit, boiler system, etc.)


Sub-Tab A

Design narrative and criteria, sequences, approvals for Equipment 1



Sub-Tab B

Start-up plan and report, approvals, corrections, blank pre-functional checklists



Colored Separator Sheets—for each equipment type (fans, pumps, chiller, etc.)


Sub-Tab C

Functional tests (completed), trending and analysis, approvals and corrections, training plan, record and approvals, blank functional test forms and a recommended recommissioning schedule.


Tab 02
System Type 2......repeat as per System One

3.2.11
Summary Report

A final summary report by the CxA will be provided to the PE. The report shall include an executive summary, list of participants and roles, brief building description, overview of commissioning and testing scope and a general description of testing and verification methods.  For each piece of commissioned equipment, the report should contain the disposition of the commissioning authority regarding the adequacy of the equipment, documentation and training meeting the contract documents in the following areas:  1) Equipment meeting the equipment specifications,  2) Equipment installation, 3) Functional performance and efficiency, 4) Equipment documentation and design intent, and 5) Operator training. All outstanding non-compliance items shall be specifically listed.  Recommendations for improvement to equipment or operations, future actions, commissioning process changes, etc. shall also be listed.  Each non-compliance issue shall be referenced to the specific functional test, inspection, trend log, etc. where the deficiency is documented. The functional performance and efficiency section for each piece of equipment shall include a brief description of the verification method used (manual testing, BAS trend logs, data loggers, EMCS graphicsetc.) and include observations and conclusions from the testing.

Appendices shall contain acquired sequence documentation, logs, meeting minutes, progress reports, deficiency lists, site visit reports, findings, unresolved issues, communications, etc.  Pre-functional checklists and functional tests (along with blanks for the operators) and monitoring data and analysis will be provided in a separate labeled binder.

The commissioning plan, the pre-functional checklists, functional tests and monitoring reports will not be part of the final report, but will be stored in the Commissioning Record in the O&M manuals.

A copy of the Commissioning Report will be included in the project’s LEED documentation file under EA PR1, Fundamental Commissioning of the Building Energy Systems.  
3.3
Warranty Period Activities
During the warranty period, seasonal testing and other deferred testing required is completed according to the Specifications.  The CxA coordinates this activity.  Tests are executed and deficiencies corrected by the appropriate Subs, witnessed by facilities staff and the CxA.  Any final adjustments to the O&M manuals and as-builts due to the testing are made.  
4.  Schedule

4.1 Design Phase Schedule

The commissioning activities are integrated into the typical design process without any real increase in the timetable of deliverables.  Table 4-1 illustrates the location of the commissioning activities during design.

Table 4-1.  Commissioning Schedule—Design Phase

	

Tasks
	

Programming
	
Conceptual Development
	
Design Development
	Construction Documents & Specifications

	1.  Coordination
	
	
	
	

	2.  Design Phase Cx Plan
	
	
	
	

	a.  Kick-off Meeting
	
	
	
	

	3.  Design Dev. Review
	
	
	
	

	4.  Design Intent Doc.
	
	
	
	

	5.  Construction Cx Plan
	
	
	
	

	6.  Cx Specifications
	
	
	
	

	7.  Drawing & Spec
     Reviews
	
	
	
	


4.2 Construction Phase Schedule

The following sequential priorities are followed:

1. Equipment is not “temporarily” started (for heating or cooling), until pre-start checklist items and all manufacturer’s pre-start procedures are completed and moisture, dust and other environmental and building integrity issues have been addressed.

2. Functional testing is not begun until pre-functional and start-up and TABxe "TAB" is completed, for a given system (this does not preclude a phased approach).

3. The controls system and equipment it controls are not functionally tested until all points have been calibrated and pre-functional testing completed.

4. All CxA-required controls pre-functional checklists, calibrations, start-up and selected functional tests of the system shall be completed and approved by the CxA prior to TABxe "TAB".  

5. TABxe "TAB" is not performed until the envelope is completely enclosed and ceiling complete, unless the return air is ducted.

The initial commissioning schedule is summarized in Table 4-2.  

Table 4-2.  Construction Commissioning Schedule Summary

	
Task / Activity
	Estimated Start Date 
	
Estimated End Date 

	Initial scoping meeting and final plan
	
	

	Submittals obtained and reviewed
	
	

	Begin construction site visits/inspections
	
	

	Pre-functional forms developed and distributed
	
	

	Startup and initial checkout plans
	
	

	Startup and initial checkout executed
	
	

	TAB




Water





Air
	
	

	Functional performance tests
	
	

	O&M documentation review and verification
	
	

	Training and training verification
	
	

	Final commissioning report
	
	

	Seasonal testing
	
	


APPENDIX 1
Fire and Emergency Power Response Matrix

(edit attached document)

--SAMPLE--
Fire and Emergency Power Response Matrix

	
	Response to Fire / Smoke Alarm
	Response to a Street Power Outage

	

Component
	Alarm Type-1:

Any Fire Alarm in Bldg1
(unless noted)
	Alarm Type-2:


	Controls to Use & Reset, (Manual, BAS, etc.)
	

Response
	Controls to Use (Manual, BAS, etc.)
	
Manual Reset Reg’d?

	Rooftop units-1,2,3;4:

	
Start / Stop

	Shutdown
	
	Off--no control. Reset varies:2
	Shutdown
	none
	No, but smoke dprs must be open

	
Dampers

	Go to normal:
OA is closed
RA is open
EA is closed
	
	na
	Go to Normal
	none
	No

	Terminal Units
	Dampers: 100% open
Valves: no change
	
	na
	Dampers: stop where they are
Valves: open
	none
	No

	Split FCU-2; 
ACU-1
	none
	
	Normal (manual)
	None (go on emergency power)
	Normal (manual)
	na

	BAS

	Receive and log an alarm
	
	Normal
	None (goes on own battery backup)
	Off
	na

	Exh. Fans
EF-1a,b, 2, 3
	Off with RTU’s
	
	Override in BAS
	Off
	none
	No

	Exh. Fans
EF-1c; 4
	none
	
	Normal
	Off
	none
	Manual Timers

	Boiler
	none
	
	Normal
	Off
	none
	No

	Boiler pumps
	none
	
	Normal
	Off
	none
	No

	CUH’s
	none
	
	Normal
	Off
	none
	No

	Elevators

	Any general alarm:  go to 1st floor.   SD in elev. shaft or equip. room: go to 2nd flor.  SD in front of elev. on 1st floor:  go to 2nd floor.   Heat det. in shaft or equip. rm.:  shunt trip elev. off.
	
	Manual
	Lights ON; car stops where it is
	none
	
No

	Med-Gas
Vac. compr
	none
	
	Normal
	Off
	none
	No

	Med-Gas
Gas compr
	none
	
	Normal
	Off, but medgas alarm on emerg. gen
	none
	No

	Normal Lighting Sys.
	none
	
	Normal
	Off
	none
	No

	Emerg. Lighting Sys.
	none
	
	Normal
	None:  goes on emerg. power
	BAS
	nao

	Data Management
	none
	
	Normal
	None: goes on emerg. power+UPS
	Normal
	na

	Paging
System
	none
	
	Normal
	Off
	none
	No

	Security
System
	Operates per normal, sending alarms
	
	Normal
	None: goes on emerg. power + on battery backup
	Normal
	na

	Fire/Smoke Dampers
	All close
	
	auto-reset if fusible link didn’t release
	None:  slowly leak down and close
	Normal
	na

	Fire Doors

	All close, except OH doors at pharmacy, unless 1 of  3 adjacent clg. SD alarms
	
	manually reset
	None:  goes on emerg. power + on battery backup
	na
	na

	Emerg. Gen. & UPS
	none
	
	na
	Goes on-line & alarms to Security
	Normal
	na

	Emerg. Pwr. Circuits
	none
	
	na
	None: go on emerg. power
	Normal
	na

	Fire Alarm System Functions
	normal operation
	
	na
	None:  goes on emerg. power + on battery backup
	Normal
	na

	Communica-tions to BAS
	alarm sent to BAS from FAP
	
	na
	
         None
	na
	na

	Communication to Outside

	Owner’s Site
	Gets fire and trouble message via Sec. Co.
	
	
	Gets message via Sec. Co.
	
	

	Security Co.

	gets fire and trouble message via in-bldg dialer
	
	na
	gets message via 
in-bldg dialer, due to UPS starting`
	na
	na

	
Fire Dept.
	fire alarm via Sec. Co
	
	na
	none
	na
	na


1Any Fire Alarm: (pull station, space or duct smoke detector, heat detector or sprinkler flow).  This does not include trouble alarms or release of fusible links in fire dampers, or heat detection and smoke detector in elevator shaft or equipment rooms.  A smoke detector trip in the elevator shaft or equipment room causes elevator to go to 2nd floor.

2 A duct detector trip will cause a general alarm and will shut down all RTU’s.  Only RTU associated with tripped detector requires manual reset at the RTU panel.  On a normal general alarm, all RTU’s are automatically reset upon resetting the fire alarm panel.
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