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[bookmark: _GoBack]SECTION 019113 – GENERAL COMMISSIONING REQUIREMENTS
SUPPLEMENT 3
CHECK AND TESTING RESPONSIBILITY TABLES

GENERAL
SUMMARY
In general, the HVAC and control system test procedures are written and their execution directed by the Commissioning Authority.  For some electrical equipment and for clean room and laboratory equipment, the test responsibility is, as listed in the table, distributed between the Trade Subcontractor, the CMGC, the manufacturer’s service representative, a certified electrical testing company and the design engineer (A/E).  All test procedures are approved prior to execution by the Commissioning Authority.
Construction Checklists are primarily visual checks / inspections of static conditions, but for some equipment may include initial checkout, calibration and operational checks.  Tests are executed after the checklists and include measurements and sequence of operation verifications.
Abbreviations:
A/E:  Designer
CA:  Commissioning Authority
TC:  Trade Subcontractor providing equipment
CC:  Controls Contractor
EC:  Electrical Contractor
CTC:  Certified Testing Company (provided by the Trade Subcontractor)
MC:  Mechanical Contractor
MSR:  Manufacturer Service Representative
U:  UNIVERSITY
RA:  Regulatory Authorities
SI:  Special Inspector (hired directly by the UNIVERSITY)
TAB:  Testing, Adjusting and Balancing contractor
Column Heading Key:
Submittal Review:  Review submittals of commissioned equipment for either information to assist in test writing and field verification (designated by an (I) in the table), or for a more thorough review to make comments parallel with the A/E reviews (R).
Field Observation:  General observation of installation to become familiar with equipment and secondarily to identify problems.
Prepare Construction Checklists and/or Startup Plan:  The first indicated party is responsible to develop written checks to ensure proper installation and setup.  A “$” indicates that a checkout and startup plan is also required to be developed by the adjacent indicated party and used by the Trade Subcontractor.  This is a written plan for conducting and documenting installation, startup, and checkout and shall include specific startup sequence instructions.  The startup plan will be used to energize both electrical and mechanical equipment.  The Construction Checklist is a part of this Plan.
Perform and Document Checklists:  The first indicated party is responsible to execute the checklists and document each line item.  The CA spot-witnesses checklisting and startup and reviews the completed versions (reports).  Any Construction Checklists or Startup Plans developed by the CA are reviewed by the Trade Subcontractors and vise-versa prior to execution.

* indicates that the Construction Checklist is included in the Specifications for this equipment, but needs to be transferred to a formal documentation check sheet form by the indicated party executing the checklist.

% indicates that the party adjacent to the symbol will be verifying critical elements and components against the construction documents, in addition to the indicated party fully documenting the checklist and startup form.
Prepare Test Procedures:  Develop the written step-by-step test procedures and documentation forms for mechanical systems.  For electrical component tests, these procedures may be more checklist in nature and not include all specific procedural details, though all measurements will be recorded.
Review Test Procedures:  Review and approve test procedures developed by others.
Coordinate, Oversee and Document Tests.
Ensure that tests are scheduled and coordinated with the interfaces to other systems and requirements of the authorities having jurisdiction.
Develop a logical test plan that flows from the component level on the various systems to the integrated testing of the systems as they interact with each other.
Direct the order that test procedures are conducted.  Coordinate and manage the parties participating in the testing.
Verify that all necessary documentation requirements are met for all parties including but not limited to authorities having jurisdiction, the UNIVERSITY, the Commissioning Authority and the insurance underwriter.
Facilitate effective communication and coordination across trades and disciplines as required for successful integrated testing of systems and assemblies.
Witness entire test and fully document on approved forms the methods, procedures, and results of each test procedure for all tests.
Perform Test:  Manipulate equipment or systems or set up and initiate actions on assemblies that demonstrate function and performance.
Witness:  (See also applicable footnotes.)
Spot ((S) in the table):  Spot witnessing of testing shall include a large enough sample to provide reasonable confidence that the tests were conducted properly.  Sampling may be random or focused as determined by the Commissioning Authority.  For selected systems such as duct and pipe pressure testing, spot witnessing may only require reviewing means and methods at the beginning of the test and a review of the test report.
All ((A) in the table):  Witness the duration of all test procedures performed. Note that for some systems where there is a sampling strategy, not all systems will be tested, but all that are tested will be witnessed.  Refer to the testing requirements in the referenced Sections for details.
Witnessing does not necessarily include documenting of individual test or observation results, but does include recording attendance and general results.
Review Test Report:  Review the testing documentation.  See also applicable footnotes.
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Check and Testing Responsibility Table  (Refer to Key above.)

	
	
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10

	System or Assembly
	Components
(assumed QT’s
in ())
	Submittal Review (Information or  Review) [3]
	Field Observation [3]
	Prepare Const. Checks and/or $Plan
	Perform & Document Checklists and Manufacturer Start Up Forms
	Prepare Test Procedures
	Review Test Procedures
	Coordinate, Oversee & Document Test
	Perform Test
	Witness Test [1]
(Spot or All)
	Review Test Report
[2]

	MECHANICAL SUPPORT SYSTEMS

	Chilled Water System	(A)
	Chillers (3), cooling towers, pumps; controls
	R-CA
	CA; U
	CA; $TC/MSR
	TC
	CA
	MC, CC
	CA
	MC; CC
	A-CA; U
	U

	Heating Water System	(A)
	Boilers (2); pumps and controls
	R-CA
	CA; U
	CA; $TC/MSR
	TC
	CA for functional and MSR for performance tests
	" "
	CA  for functional and MSR for performance tests
	MC; CC; MSR
	" ", except S-CA for performance tests
	U; CA

	Hydronic Piping
	All
	none
	CA; U
	CA; $TC/MSR
	TC
	none
	NA
	MC
	MC
	S-U; CA
	CA

	Air Handlers	(B)
	All (2)
	R-CA
	CA; U
	CA; $TC/MSR
	TC
	CA
	MC, CC
	CA
	MC, CC
	A-CA; U
	U

	Air Terminal Units	(C)
	All
	I-CA
	CA; U
	CA; $TC/MSR
	TC
	CA
	MC, CC
	CA
	MC, CC
	S-CA; U
	U

	Duct Leakage Tests
	
	none
	none
	none
	none
	none
	none
	MC
	MC
	S-U
	CA

	Exhaust and Make-up Fans
(non-cleanroom or lab)	(C)
	All (8)
	I-CA
	CA; U
	CA; $TC/MSR
	TC
	" "
	" "
	" "
	" "
	" "
	" "

	FMCS System/ BAS / BMS
(non-cleanroom or lab)	(B)
	All
	R-CA
	CA; U
	CA; $TC/MSR
	TC
	CA
	CC
	CA
	CC
	A-CA;U
	U

	TAB Spot Check	(B)
	Test and balance work
	See Plan, Col 3
	U
	CA; $TC (refer to Section 230593)
	TC
	CA
	TAB
	CA
	TAB
	S-CA;U
	" "

	Vibration Testing
	Fans, cooling tower, motors and other equipment with vibration criteria given
	NA
	NA
	NA
	NA
	NA
	NA
	TAB
	TAB
	S-CA; U
	CA, U; AE

	Envelope / HVAC	(B)
Interactions
	All
	none
	CA; U
	CA
	TC
	CA
	TAB
	CA
	TAB; CC
	A-CA
	" "

	Fire Protection Systems 
	Fire smoke dampers, dampers, and sequencing of shutdown
	R-CA
	CA; U
	CA
	TC
	CA
	MC, CC
	CA
	MC; CC
	A-CA; U
	U

	LAB and CLEANROOM MECHANICAL

	Makeup AHUs	(A)
(cleanrooms)
	(1) Fans, motors, drives, dampers, valves, coils, controls, etc.
	R-CA
	CA; U
	CA; $TC/MSR
	TC; %U
	CA
	TC
	CA; U
	TC
	A-CA; U
	U; AE

	Fan filter units	(B)
(cleanroom)
See also Part 2 below
	(210) Units, filters, racks and controls
	I-CA
	CA; U
	CA
	TC; %U
	CA
	TC
	CA; U
	TC
	S-CA; U
	U; AE

	Duct leakage tests
	Ducts
	none
	none
	none
	none
	none
	NA
	MC
	MC
	S-O
	CA

	Process exhaust systems
	(B)
	(2) Fans, ducts
	I-CA
	CA; U
	CA
	TC; %U
	CA
	C
	CA; U
	TC
	A-CA
	U; AE

	Fume hoods
	(54) Hoods, fans, valves, controls
	I-CA
	CA; U
	CA
	TC; %U
	MSR; CTC
	CA; U
	TAB
	CTC
	S-CA; U
	CA, U; AE

	Snorkel exhaust devices
	(2) Fans, dampers, controls
	I-CA
	CA; U
	CA
	TC; %U
	MSR; CTC
	CA; U
	TAB
	CTC
	S-CA; U
	CA, U; AE

	Bio-safety cabinets
	(1) Dampers, ducts, controls
	I-CA
	CA; U
	CA
	TC; %U
	TC, CTC
	NA
	CTC
	CTC
	S-CA; S-U
	CA, U; AE

	Misc. exhausted safety cabinets
	(40) Dampers, ducts, controls
	I-CA
	CA; U
	CA
	TC; %U
	none
	NA
	STD TAB Only
	
--
	S-CA; S-U
	CA, U; AE

	Split AC unit	(B)
(cold rooms) 
	(2) Evaporator, condenser, heat exchanger
	I-CA
	CA; U
	CA
	TC; %U
	CA
	TC
	TC
	TC
	A-CA
	U; AE

	TAB Spot Check	(C)
(labs and cleanrooms)
	Testing and balancing work
	See Plan, Col 3
	CA; U
	CA
	TC
	CA
	TC
	CA; U
	TAB
	A-CA; U
	U; AE

	Controls	(B)
(lab and cleanrooms)
See also Part 2 Below
	FMCS, MCS and equipment controls
	R-CA
	CA; U
	CA
	TC; %U
	CA
	TC
	CA; U
	TC
	A-CA; U
	U; AE

	Cleanroom certification 
See also Part 2 Below
	Cleanrooms
	See Plan Col 3
	CA; U
	CA; $CTC
	TC; CTC
	CTC with input from CA
	CA
	CTC
	CTC
	S-CA; U 
	CA; U; AE

	Vibration Testing 
	FFU
	NA
	NA
	NA
	NA
	NA
	NA
	Factory (test 15%)
	Factory
	none
	CA; AE; U

	LAB and CLEANROOM PROCESS 

	Treated Water	(B)
	Pumps, filters, heat exchanger
	I-CA
	CA; U
	CA
	TC
	CA
	TC
	CA
	TC
	A-CA; U
	AE

	RO/DI Water and Delivery
	Tanks, pumps, filters, reverse osmosis, deionizers, UV, piping and valves
	R-CA
	CA; U
	CA
	TC
	CTC
	CA
	CTC
	CTC
	S-CA; U
	CA

	Bulk Gases Storage and Delivery (Nitrogen, Process Nitrogen)
	Cylinders, dewars, bulk LN2 tank, piping and valves
	I-CA
	CA; U
	CA
	C; CTC
	CTC
	CA
	CTC for UHP piping; C
	CTC
	S-CA; U
	CA

	High Purity Specialty Gas Storage and Delivery
	Gas cabinets, valve manifold boxes, cylinders, piping and valves
	I-CA
	CA; U
	CA
	TC
	CTC
	CA
	CTC
	CTC
	S-CA; U
	CA

	Vacuum System	(B)
	Pumps, receiver
	I-CA
	CA; U
	CA
	TC
	CA
	TC
	CA
	TC
	S-CA; U
	CA

	Oil-Free Compressed Dry Air), and Process Air	(A)
	Compressor, receiver, dryer, filters
	I-CA
	CA; U
	CA
	TC
	CA
	TC
	CA
	TC
	S-CA; U
	CA

	Bio Waste Sterilization
	Autoclaves
	I-CA
	CA; U
	CA
	TC
	MSR
	CA
	MSR
	MSR
	S-CA; U
	CA

	Bio Media Preparation 
	Autoclaves
	I-CA
	CA; U
	CA
	TC
	MSR
	CA
	MSR
	MSR
	S-CA; U
	CA

	Bio Glassware Cleaning
	Dishwasher, drying oven, autoclave
	I-CA
	CA; U
	CA
	TC
	MSR
	CA
	MSR
	MSR
	S-CA; U
	CA

	ELECTRICAL

	Scheduled Lighting	(B)
Controls
	All
	I-CA
	CA; U
	CA; CTC; $MSR
	TC
	CA
	TC
	CA
	TC; CTC; MSR
	A-CA; U
	AE; U

	Lighting Occupancy	(B)
Sensors
	All
	I-CA
	CA; U
	CA
	TC
	CA
	TC
	CA
	TC; CTC; MSR
	S-CA; U
	AE; U

	Emergency Generator, ATS, and Load Banks
	All
	R-CA
	CA; U
	CA; CTC; $TC/MSR
	TC
	CA
	TC
	TC; MSR
	CTC; MSR
	A-CA; S-U; S-AE
	AE; U

	Medium/Low Voltage Switchgears
	All
	R-CA
	CA; U
	CA; CTC; $TC/MSR
	TC
	CA
	CA
	TC; MSR
	CTC; MSR
	A-CA; S-U; S-AE
	AE; U

	Transformers
	All
	R-CA
	CA; U
	CA; CTC; $TC/MSR
	TC
	CA
	CA
	TC; MSR
	CTC; MSR
	S-CA; U; AE
	AE; U

	Substations
	All
	R-CA
	CA; U
	CA; CTC; $TC/MSR
	TC
	CA
	CA
	TC; MSR
	CTC; MSR
	S-CA; U; AE
	AE; U

	Uninterruptible Power Supply (UPS)
	All
	R-CA
	CA; U
	CA; CTC; $TC/MSR
	TC
	CA
	CA
	TC; MSR
	CTC; MSR
	A-CA; S-U; S-AE
	AE; U

	Panel Boards, Switchboards
	All
	R-CA
	CA; U
	CA; CTC; $TC/MSR
	TC
	CA
	CA
	TC; MSR
	CTC; MSR
	S-CA; U; AE
	AE; U

	Photovoltaic and Fuel Cells
	All
	R-CA
	CA; U
	CA; CTC; $TC/MSR
	TC
	CA
	CA
	TC; MSR
	CTC; MSR
	S-CA; U; AE
	AE; U

	Power and energy meters
	All
	R-CA
	CA; U
	CA; CTC; $TC/MSR
	TC
	TC
	CA
	MSR
	MSR
	S-CA; U; AE
	AE; U

	VFD
	All
	R-CA
	CA; U
	CA; CTC; $TC/MSR
	TC
	CA
	TC
	TC; MSR
	TC; MSR
	A-CA; S-U; S-AE
	AE; U

	
	
	
	
	
	
	
	
	
	
	
	

	FIRE AND LIFE SAFETY 

	Fire Alarm
	All
	R-CA
	CA; U; RA
	CA
	TC
	TC; MSR
	CA; RA
	TC
	TC; MSR
	A-CA; A-RA/U
	AE; U

	Fire Protection
	Stand pipe, valves; controls
	R-CA
	CA; U; RA
	CA
	TC
	TC; MSR
	CA; RA
	TC
	TC; MSR
	A-CA; A-RA/U
	AE; U

	Emergency Egress Lighting
	All
	R-CA
	CA; U; RA
	CA
	TC
	TC; MSR
	CA; RA
	TC
	TC; MSR
	A-CA; A-RA/U
	AE; U

	VESDA (if applicable)
	All
	R-CA
	CA; U; RA
	CA
	TC
	TC; MSR
	CA; RA
	TC
	TC; MSR
	A-CA; A-RA/U
	AE; U

	Public Announcement
	All
	R-CA
	CA; U; RA
	CA
	TC
	TC; MSR
	CA; RA
	TC
	TC; MSR
	A-CA; A-RA/U
	AE; U

	BUILDING AUTOMATION SYSTEMS AND CONTROLS

	Building Automation System
	All 
	R-CA
	CA; U
	CA; $TC
	TC
	CA
	CC
	CA
	CC
	A-CA; U
	U

	SECURITY

	Security Access & Controls
	All 
	R-CA
	CA; U
	CA; $TC
	TC 
	CA
	TC
	CA
	TC
	A-CA; U
	U

	METERING

	
	
	
	
	
	
	
	
	
	
	
	

	Power and Electricity Meters, including end-use electricity sub-metering, and connection to ION Enterprise
	All
	R-CA
	CA; U
	CA; CTC; $TC/MSR
	TC
	CA
	TC
	CA
	TC; CTC; MSR
	S-CA; U; AE
	AE; U

	Water Meters, including flow and energy meters such as BTUh meters, and connection to BMS/BAS
	All
	R-CA
	CA; U
	CA; CTC; $TC/MSR
	TC
	CA
	TC
	CA
	TC; CTC; MSR
	S-CA; U; AE
	AE; U

	Gas Meters (if applicable) including connection to BMS/BAS
	All
	R-CA
	CA; U
	CA; CTC; $TC/MSR
	TC
	CA
	TC
	CA
	TC; CTC; MSR
	S-CA; U; AE
	AE; U



Notes:
(A), (B), and (C) Testing Type:  For each piece of equipment or system where the CA will direct the execution of the functional test, the test has been assigned an approximate level of complexity for reference.  Where there is no Code, the complexity of testing is not dictated by the CA.  Sample test procedure forms that are representative of these levels are found in Supplement 2.

“none” indicates this activity is not required.
[1] The Architect or design engineers may witness tests per their scope.
[2] The Architect or design engineers may review completed test procedures if in their scope.
[3] AE reviews all submittals and observes construction according to their contract.

The following systems are not part of Day 1 Construction and are excluded from this scope:  Hot DI Water, AWN, Solvent Waste, Metal Waste, Breathing Air, Scrubbed Exhaust, High Purity Liquid Chemicals, and VOC abatement.
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CLEAN ROOM TESTING

	
	Functional Test
	Spot Check
	

	
	% Tested
	Directed By [4]
	% Checked
	Directed By
	Note

	Fan Filter Units (FFU)

	Flow rate and adjustment to design
	100%
	TAB
	10%
	CA
	Refer to Section 230593.

	FFU vibration, noise, power, pressure drop; EMI
	15% for vibration, noise, pwr; dP; 20% for EMI
	By factory, at factory
	0
	NA
	

	Room pressurization setup and control setpoints
	100%
	TAB
	see MCS
	CA
	Refer to Section 230593.

	FFU Monitoring Control System (MCS)

	Verify all functions and features [1]
	All
	Directed by CA, executed by CC
	none
	--
	

	Clean Room Certification Preparation

	FMCS
	All areas affecting cleanroom
	Directed by CA, executed by CC
	None
	NA
	

	TAB of support areas adjacent to clean room 
	All
	TAB
	10%
	CA
	

	TAB of MAU air and water
	All
	TAB
	10% of air
	CA
	

	TAB of clean room – See FFU
	
	
	
	
	

	Sound measurements
	Per Drawing CRA0.4
	TAB
	None
	NA
	Required in Section 013513.13.

	Clean Room Certification (refer to Section 013513.13)

	FFU filter edge leakage
	All
	CTC
	SW [2]
	CA
	

	Filter challenge
	All
	CTC
	SW [2]
	CA
	

	Particle counts
	Entire room
	CTC
	SW [2]
	CA
	

	Airflow (velocity; laminarity)
	Entire room
	CTC
	SW [2]
	CA
	

	Temp
	Entire room
	CTC
	RT [3]
	CA
	

	RH
	Entire room
	CTC
	RT [3]
	CA
	

	ESD (electrostatic discharge and grounding)
	Entire room
	CTC
	RP [3]
	CA
	

	Floor conductivity test
	Entire room
	CTC
	SW [2]
	CA
	

	Electromagnetic interference (EMI)
	Entire room
	CTC
	SW [2]
	CA
	Refer to Section 013513.13.

	Noise
	Entire room
	CTC
	SW [2]
	CA
	Refer to Section 013513.13.

	Lighting
	Entire room
	CTC
	SW [2]
	CA
	Refer to Section 013513.13.



Notes:
[1] Note used.
[2] CA spot witnesses certification (SW)
[3] CA reviews trend (RT) / monitoring reports (RP) from CTC. 
[4] Directed and executed by.
END OF SUPPLEMENT 3 to SECTION 019113
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