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SECTION 019113A – GENERAL COMMISSIONING PLAN
GENERAL
SUMMARY
Commissioning
A quality-focused process for enhancing the delivery of the project.  The process focuses upon verifying and documenting that the facility and all of its systems and assemblies are planned, designed, installed, tested, operated and maintained to meet the Owner’s Project Requirements.
Commissioning will be included within each phase of the project:
Pre-Design : Cx Team , OPR, Cx Scope & Budget.
Design:  BOD, CxP activities for Occupancy, Cx requirements, Systems Manual Format, Training requirements.
Construction:  Cx Plan, Checklists, FPTs OPR/BOD updates, Issues log, Systems Manual Training.
Occupancy:  Lessons Learned, Seasonal testing, Warranty management.
Related Documents
Drawings and general provisions of the Subcontract apply to this Section.
LBNL Admin and Design Guidelines.
LBNL Master Specifications for Design and Construction
Owners Project Requirements
Basis of Design
Systems Manual
Quality Assurance (QA) and Quality Control (QC)
QA and QC shall be implemented and documented per each phase to ensure conformance with requirements, standards and contract specifications.  QA is process orientated to focus on defect prevention used to create the deliverable.  QC is product oriented to focus on defect identification by verification that deliverables are of acceptable quality.  The following requirements must be adhered to:
LBNL EH&S Requirements:  Air, Chemical, Radiation, Fire Safety etc.
Industry Standards:  ANSI, ASHRAE, NETA, NFPA, DOE, IEEE, UL.
Officials:  AHJ, SME, IOR, EOR, CxA, Fire Marshal.
LBNL Project Requirements:  Contract Documents.
Abbreviations:
AHJ:  Authority Having Jurisdiction
BOD:  Basis of Design
CxA:  Commissioning Authority
CxP:  Commissioning Plan
EH&S:  Environmental Health & Safety
EOR:  Engineer of Record
FPT:  Functional Performance Test
GC:  General Contractor
HVAC:  Heating Ventilation Air Conditioning
IOR:  Inspector of Record
LBNL:  Lawrence Berkeley National Laboratory
OEM:  Original Equipment Manufacturer
OPR:  Owner’s Performance Requirements
PM:  Project Manager
QA:  Quality Assurance
QC:  Quality Control
RDP:  Responsible Design Professional
SME:  Subject Matter Expert
SOO:  Sequence of Operation
TAB:  Test and Balance
UC:  University California
VFD:  Variable Frequency Drive
Submittals
QUALITY ASSURANCE
Assurance Documents:
Functional Performance Test Forms
Calibration Forms
Sequence of Operations
Inspection Forms
Equipment Detail Documentation
LBNL Project Subcontract Documents
The subcontract documents (drawings & specifications) contain commissioning requirements specific to the equipment and systems to be constructed and installed.  The Subcontractor shall submit the following first three items listed in advance to the LBNL Project Manager per Division 01 specifications:
Test Equipment:  Brand/Type, Equipment Certification-Calibration Record up to date (not expired).
Test Technician:  Certification, License.
Test Procedure:  Functional Performance Test scripts, Checklists.
Test Results:  Tests performed with results documented including equipment configuration and parameters asset for operation with signature and date noted.
PRODUCTS	NOT USED
EXECUTION
COMMISSIONING SCOPE
Roles & Responsibilities
General descriptions of the commissioning roles are as follows:
CxA:  Coordinates the Cx process, writes tests, oversees and documents performance tests, approves/rejects results on Owner’s behalf in accordance with Subcontract documents.
CM:  Facilitates the Cx process.  Reviews test plans for equipment performance and schedules.
GC:  Subcontracted by LBNL over lower-tier subcontractors to facilitate the Cx process.  Ensures that subcontractors perform their responsibilities and integrates Cx into the construction process and schedule.
Subcontractors:  Demonstrate proper system performance.
RDP:  Performs construction observation, approves O&M manuals, and assists in resolving problems.
PM:  Facilitates and supports the Cx process and gives final approval of the Cx work if CxA was not hired by CM.
OEM:  The equipment manufacturers and vendors provide documentation to facilitate the commissioning work and perform subcontracted startup.
Commissioned Systems
The following marked systems will be commissioned on this project.  All general references to equipment in this document refer only to equipment that is to be commissioned.
[bookmark: _GoBack]<SPECIFIER:  IDENTIFY SYSTEMS TO BE COMMISSIONED ON THIS PROJECT.>
	HVAC System (and all integral equipment controls)

	
	Chiller system (including controls, chillers, cooling towers, piping, pumps and variable speed drives)

	
	Boiler system (including controls, boilers, piping, pumps and variable speed drives)

	
	Pumps

	
	Variable speed drives

	
	Heat exchangers

	
	Piping, cleaning, and flushing

	
	Chemical treatment

	
	Ductwork

	
	Air handling units

	
	Rooftop packaged DX units (heat pumps or AC)

	
	Split systems

	
	Evaporative coolers

	
	Evaporative condensers

	
	Terminal units

	
	Testing, adjusting and balancing work

	
	Unit Heaters

	
	Building automation system (controlled devices, control loops and system integration)

	

	Electrical Systems

	
	Sweep and scheduled lighting controls

	
	Daylighting/dimming controls

	
	Electrical system power quality

	
	Communications system

	
	Security system

	
	Emergency power systems

	
	Uninterruptible power supply system

	

	Life Safety Systems

	
	Fire alarm system

	
	Egress pressurization systems

	
	Fire suppression/protection/notification systems

	
	Laser/Radiation secured systems

	

	Plumbing

	
	Domestic booster pump

	
	Domestic hot water heaters

	
	Eye/Face wash

	

	Laboratories

	
	Fume hoods

	
	Room isolation

	
	Process gas

	

	Other

	
	Elevator

	
	Heat Exhaust equipment

	
	Refrigeration Equipment and Systems

	
	
	Walk-in coolers

	
	
	Walk-in fume hoods

	
	
	Compressors and condensers

	
	
	Control system

	
	
	Reverse osmosis/de-ionized H2O systems


Commissioning Process
Commissioning Scope Meeting:
A commissioning scoping meeting is planned and conducted by the CxA within [xx][90] days of the beginning of construction.
Attendees are the respective representatives of the GC, CM, CA, PM, RDP, and the mechanical, electrical, controls, and TAB subcontractors.
At the meeting, commissioning parties are introduced; the commissioning process is reviewed; and management and reporting lines are determined.
Controls Integration Meetings:
The Commissioning Authority coordinates a series of meetings to go over the control drawings, sequences of operation, points list, and database and controls submittal requirements.
These meetings are held prior to a formal control drawing submittal and any programming.
The intent is to clarify control related issues for the controls subcontractor, mechanical, fire alarm and electrical subcontractors, University facility staff, and the Commissioning Authority prior to final point database development, programming, and the formal control drawing submittal.
Attendees:
The controls subcontractor shall attend all meetings.
The mechanical, electrical and general subcontractors shall attend when issues regarding equipment they are responsible for are discussed.
The mechanical and electrical designers attend as needed according to their subcontracts.
The control technicians attending the meetings must be the same technicians that are/will install and program the DDC system.
Preliminary control drawing submittals and sequences by system are provided by the Controls Subcontractor, reviewed beforehand and discussed at these meetings.
Final Cx Plan – Schedule:
The CxA finalizes the draft Cx Plan using the information gathered from the scoping meeting.
The initial commissioning schedule is developed along with a detailed timeline correlating with construction progress.  The timeline is fine-tuned as construction progresses.  In particular, [xx][60] days prior to startup of the primary equipment, the CxA meets with the GC and PM/CM and develops a detailed commissioning schedule.
The commissioning plan is approved by the PM/CM.
Site/Field Observations:
The CxA and RDP, if applicable, make periodic visits to the site, as necessary, to witness equipment and system installations.
Construction Progress meetings including Commissioning:
The CxA attends selected planning and job-site meetings in order to remain informed on construction progress and to update parties involved in commissioning.
The CM and GC provide the CxA with information regarding progress issues that may affect commissioning equipment, systems, or the commissioning schedule.
Cx Issues Log:
The CxA keeps a log of all commissioning-related issues that require current or future attention.
Quality Control
The following table provides a tentative list of the equipment and how much of the startup work will be witnessed by the Commissioning Authority.  Observation of prefunctional checklist execution will be at the discretion of the CA.  The Commissioning Authority shall observe installation, start-up, and checkout of selected systems.  Procedures on the plans and checklists will be spot-checked by the Commissioning Authority prior to testing.
	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 [xx] hours checkout and calibration

	TAB Other misc. equipment
	Observe [xx] hours of TAB

	Other misc. equipment
	As necessary


The Commissioning Authority will review University-contracted, factory testing, required University-witnessed acceptance tests, and tests conducted by regulatory authorities which the Commissioning Authority is not responsible to oversee, including documentation format, and will determine what further testing or format changes may be required to comply with the Specifications and rigor desired by the University.  Redundancy of testing shall be minimized.  Documentation of these tests will be included in the Commissioning Record.
Pre-concealment Inspections:
Excavation:  Utilities
Rough-in:  Mechanical/Electrical/Piping
Enclosures:  Connections, terminations, capping, access
Hold Points for Inspection:  Document submittal with signature for verification
Deficiencies list /Issues list:  Re-inspections
Construction Checklists, Start-Up, and Initial Checkout
The following procedures apply to all equipment and assemblies to be commissioned:
Static Elements:  Systems or assemblies that are static in nature (not dynamic like mechanical or some electrical systems) may have very simplified construction checklists for installation and may have no start-up or testing requirements.
Construction Checklists:
On each Construction Checklist, the GC shall identify which trade or subcontractor is responsible for executing and documenting each of the line item tasks and shall note that trade on the checklist form.
The Commissioning Authority reviews new or adaptions of existing representative construction checklists and procedures for commissioned equipment and assemblies.
Calibrations:  The construction checklists will contain requirements for calibrations when applicable.  The Trade Subcontractors are responsible to calibrate all field-installed sensors and actuators using test and documentation methods approved by the Commissioning Authority.
Manufacturer Installation and Startup Procedures:
The Trade Subcontractors shall document their installation and startup utilizing manufacturer installation and startup procedures, checksheets, and reports, in addition to the commissioning construction checklists.
The completed manufacturer startup reports shall be submitted to the Commissioning Authority within 5 days of startup.
Execution of Construction Checklists and Start-up:
Each piece of equipment shall receive full construction checkout by the Trade Subcontractors following the approved plan and forms.  No sampling strategies are used.  Only individuals that have direct knowledge and witnessed that a line item task on the construction checklist was actually performed shall initial or check that item off.  It is not acceptable for non-witnessing supervisors to fill out the forms.
The Trade Subcontractors shall complete the pre-start procedures in the construction checklist prior to starting equipment, including but not limited to verification of completion of wiring, safeties, lubrication, drive rotation and proper electrical test readings.  Startup shall be conducted under supervision of responsible manufacturer representatives for major pieces of equipment.  The GC shall notify the Commissioning Authority at least 5 days in advance of any equipment start-up, providing the Commissioning Authority a copy of the pre-start sections of the installation and start-up plan at that time.
Component to System Verification
OEM installation and operation manual submitted.
Inspection document complete with validation.
Subcontractor completes equipment readiness requirements:
Pressure tests,
Sanitizing flushes,
Sensor calibrations,
Electrical Breaker settings,
VFD settings,
Energy, Power, Flow, Pressure, etc. type meter settings, CT & PT ratios, polarity
HVAC TAB
Fire Alarm devices for detection, suppression, notification
etc.
NOTE:  Quality base sampling witnessed by CxA excluding Life Safety.
Testing
Objectives and Scope:
The objective of testing is to demonstrate that each system is operating according to the documented University Objectives and Contract Documents.
For dynamic systems, testing facilitates bringing the systems from a state of initial operation to full dynamic operation.
For static elements, testing verifies the performance of the assembly in its installed state under conditions specified in the testing requirements.
Additionally, during the testing process, areas of deficient performance are identified and corrected.
In general, testing shall include testing each sequence in the sequence of operations, and other significant modes, sequences, and control strategies not mentioned in the written sequences; including, but not limited to startup, shutdown, unoccupied and manual modes, modulation up and down the unit’s range of capacity, power failure, alarms, component staging and backup upon failure, interlocks with other equipment, and sensor and actuator calibrations.  All interlocks and interactions between systems shall be tested.
Prior to execution, any test procedures developed by the Commissioning Authority are provided to the Trade Subcontractors who shall review the tests for feasibility, safety, equipment, and warranty protection.
Prior to execution, test forms developed by the Trade Subcontractors are reviewed and approved by the Commissioning Authority.
Test procedures shall be written and submitted to reviewers at least 14 days prior to executing the tests.
The Trade Subcontractors shall be responsible to fully test all systems and assemblies according to the Specifications.  Tests for a given system or assembly shall not be conducted until they are fully operational under normal and reliable control with control calibrations, programming, and control system graphics complete and checked out, and the Trade Subcontractors have submitted a completed construction checklist and where applicable a startup report are satisfactory to the Commissioning Authority.
Test and Verification Methods:
Testing and verification for most dynamic equipment shall be achieved by an appropriate combination of active testing (persons manipulate the equipment and observe its function) or by monitoring the performance and analyzing the results using the control system’s trend log capabilities or by stand-alone dataloggers.
Sampling:  Multiple identical pieces of non-life-safety or otherwise non-critical equipment may be functionally tested using a sampling strategy.  Significant application differences and significant sequence of operation differences in otherwise identical equipment invalidates their common identity.  No sampling by the Trade Subcontractors is allowed in construction checklist execution.
Testing Order:  In general, testing is conducted after construction checklisting and start-up has been satisfactorily completed.  The air balancing and water balancing is completed and debugged before testing of air-related or water-related equipment or systems.  Testing generally proceeds from components to sub-systems to systems.
Problem Solving:
The burden of problem solving is on the CM/GC and Trade Subcontractors and the RDP, though the Commissioning Authority may recommend solutions to problems found.
Equipment and Systems Operation/Startup:
Demonstration:  Equipment and systems will be demonstrated to perform in accordance with the subcontract documents and Cx Plan with CxA/UC/EOR/AHJ/IOR witness to satisfactory operation:
I/O pt-pt (field to HMI) checked
Set points and alarms checked
System operation mode checkouts per SOOs:
Local/Hand
Remote/Auto
Bypass/Maintenance-emergency
Signage and Labels installed
Functional Performance Test
Trending – data collection
Optimization set points:  energy/performance
Cx Issues log resolution
Training and Orientation of Owner Personnel
Owner training and orientation on equipment and systems provided by the Subcontractor is accomplished in three general steps using three forms:
Overall Plan.
Specific Training Agendas for each piece of equipment or system.
Training Record for each piece of equipment, prior to training.
Equipment/System Training and Demonstration
System operation per modes:  manual/auto
Class Room:  curriculum, documents
Video/CD
Controls:  Graphic interface, Alarms, Trend controls
Maintenance Service
CLOSEOUT
Document Control:
Cx Issues log:  resolution
Cx Systems Manual
Lessons Learned
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