SECTION 23 0800
COMMISSIONING OF HVAC
*************************************************************************************************************

LANL MASTER SPECIFICATION SECTION
USAGE NOTE:  This Section is written to be part of the Specification which is part of the Construction Documents that direct the work performed by the construction Subcontractor.  It is intended to inform the Subcontractor of expectations related to the HVAC commissioning (Cx) process.  By definition, Cx team personnel must be independent of the construction Subcontractor and must be contracted separately from same.  Cx team personnel are either LANL or entities representing LANL.  In order to keep this section short and meet the intent above, it is not intended to be a complete statement of work for all personnel involved in Cx (although it can be used when creating an SOW).

Word file online at http://engstandards.lanl.gov
This template must be edited for each project.  In doing so, specifier must add job-specific requirements.  Brackets are used in the text to indicate designer choices or locations where text must be supplied by the designer.  Once the choice is made or text supplied, remove the brackets.  The specifications must also be edited to delete specification items for processes, items, or designs that are not included in the project -- and specifier’s notes such as these.  This specification template is tailored to meet requirements contained in the LANL Engineering Standards Manual (ESM). To seek a variance from requirements of the ESM that are applicable, contact the ESM Mechanical POC. Please contact POC with suggestions for improvement as well.
When assembling a specification package, include applicable specifications from all Divisions, especially Division 01, General Requirements.
This Section was developed for ML-4 projects.  For ML-1, 2, and 3 applications, additional requirements and independent reviews should be added if increased confidence in procurement or execution is desired; see ESM Chapter 1 Section Z10 Specifications and Quality sections.
*************************************************************************************************************

PART 1 GENERAL

1.1 SECTION INCLUDES

A. Requirements for post-construction phases of the HVAC commissioning process (Cx process).
B. Subcontractor responsibilities within the above, along with key responsibilities of LANL and other non-Subcontractor commissioning team members.
1.2 related sections
A. 23 0593, Testing, Adjusting, and Balancing for HVAC
B. 25 5000, Integrated Automated Facility Controls
1.3 Definitions (Cx = commissioning)
A. BAS: Building Automation System
B. Certificate of readiness: A document stating that all equipment, systems, and controls have been correctly installed, operated as specified, tested, adjusted and balanced, and are verified as ready for functional testing and performance testing and other acceptance procedures.
C. Cx Agent (CA):  A qualified and experienced Cx process person, company, or agency assigned to a specific project, either LANL (when self-performing) or working under the direction of the LANL Cx Authority (CxA) and the LANL Project Manager.  The CA leads, plans, coordinates and implements the overall project-specific Cx process activities. Qualification is per the judgment of the LCA, but shall be at least a Level II per LANL Engineering Standards Manual, Chapter 15, Commissioning (Appendix A).  CA will be independent of all non-LANL construction Subcontractors.
D. Cx process: The quality-focused process for enhancing the project delivery process. The process focuses upon verifying and documenting the facility and all of its systems and assemblies are planned, designed, installed, tested, operated, and maintained to meet project requirements.
E. Cx plan: The plan which defines the Cx process, including schedules, responsibilities, document requirements and Cx test requirements which are developed in increasing detail as the project progresses through its various phases.
F. Cx Authority (CxA): The authority over the Agent and Cx Team.  Where the CA is subcontracted by LANL, the CA’s firm may have a CxA (person in charge).  Regardless, LANL will always retain final authority vested in the LANL CxA (LCxA), an independent person designated by the LANL Construction Management Division Leader to manage the Cx at LANL and, for facilities, to represent the LANL Building Official’s interests in matters related to Cx.  LCxA meets Level III qualifications of LANL Engineering Standards Manual, Chapter 15, Commissioning (Appendix A).
G. Cx Team (HVAC): The team that coordinates, monitors, and documents compliance with the owner’s project requirements and is responsible for working together in carrying out the Cx process.  By definition, Cx team personnel are be independent of the construction Subcontractor and are contracted separately from same (Cx team personnel are either LANL or entities representing LANL).
H. Functional Testing: Testing of a component or subsystem against prescribed acceptance criteria, based on the owner’s project requirements, vendor documentation, or industry standards to ensure that the SSC’s functions and follows a prescribed sequence of operations according to the predetermined design requirements.
I. I&C: Instrumentation & Controls 
J. Performance Testing: Performance tests are conducted to verify performance of entire systems and multiple systems against a defined set of requirements and parameters. Examples of systems which typically require performance tests are HVAC systems, process systems, critical capacity mechanical equipment and integrated operation of systems.
K. TAB: Testing, Adjusting, and Balancing
L. Verification: The full range of checks/inspections and tests carried out to determine if all components, subsystems, systems, and interfaces between systems operate in all modes in accordance with the Subcontract documents.
1.4 PROCESSES to be included in HVAC cX process

A. Air handling and distribution systems including packaged unit, fan-coil units, air terminal devices, supply/return/exhaust fans, fume hoods, ductwork, and insulation.
B. Hydronic distribution piping systems including chilled water, glycol, hot water, and condenser water, steam and condensate, and pumps.
C. Chillers, boilers (water and steam), cooling towers, heat exchangers, evaporative condensers, and refrigeration compressors/condensing units.
D. Room temperature gradient, airflow pattern, and space pressure control systems.
E. Electrical heating systems and refrigerant piping systems.
F. Air compressors, instrument air, and pneumatic control components. 
G. Direct digital controls system, energy management controls system, and indoor air quality system.
H. Devices for HVAC (motors, actuators, motor controls, VFDs, UPS, and others required to operate and control HVAC equipment).
1.5 INFORMATIONAL SUBMITTALS

A. If not already submitted in conjunction with the Specification, submit the following for CA review per Project submittal procedures as soon as they are available and the CA is identified by LANL STR:
	Submit for CA review
	Specification Section Source

	1. Acceptance test procedures including a performance checklist and performance data sheets for each HVAC system
	Division 23 Section numbers will vary based on system design/components.

	2. Functional testing reports and performance testing reports
	Division 23 Section numbers will vary based on system design/components.

	3. I&C and BAS submittals
	Section 25 5000, Integrated Automated Facility Controls

	4. Instrument calibration reports
	Divisions 23 and/or 25 Section numbers will vary based on system design/components

	5. Vendor Data:  Operation and maintenance manuals in accordance with individual equipment specifications. Published O&M manuals/literature must be tailored specifically to the project and edited for easy identification. O&M manuals must include the following:

a. Detailed description of each system and components showing piping, valves, controls, wiring diagrams, control sequences for all modes of operations, and shop drawings

b. Approved product data including performance curves and rating data at 7,500 ft elevation

c. Certifications and warranties.

d. Operating instructions and maintenance instructions including one line system diagrams and recommended spare parts

	Section 01 7823, Operation and Maintenance Data

	6. Other Documentation:  Project record and as-built documentation including design documents revised or updated during the Cx process
	Section 01 7839, Project Record Documents


1.6 QUALITY ASSURANCE

A. TAB agency specializing in testing, adjusting, and balancing of systems specified in this section shall have a minimum of 3 years documented experience certified by AABC or NEBB, or as required by 23 0593, Testing, Adjusting, and Balancing for HVAC.

B. I&C and BAS system technicians shall be factory trained in the theory, operation, installation, and troubleshooting of the I&C and BAS used for the project, and have satisfactorily field-tested at least five (5) I&C and BAS systems of equivalent nature and scope or as indicated in Section 25 5000, Integrated Automated Facility Controls.
*************************************************************************************************************

In C below, the Responsible Engineer (e.g., LANL system engineer), should be consulted to determine the right technical personnel needed to support the Cx efforts.
In D below, the wording allows for LANL (should we self-perform), ICSI (currently), and any others that Automated Logic approves in the future.  
*************************************************************************************************************

C. Acceptable non-BAS I&C system installers:

1. [Installing Subcontractor or the design agency.] 

D. Acceptable BAS installers are as indicated in Section 25 5000, Integrated Automated Facility Controls.  If that section is not present in the Specification, then they are as follows:
1. Any BAS provider that has been factory approved for installation by Automated Logic, Inc.
2. LANL personnel involved in the design and installation of the system (e.g., Engineers, Technicians, and/or installation crews).

PART 2 PRODUCTS
2.7 INSTRUMENTS and tools
A. Subcontractors—including equipment vendors who perform tests and start-up service—shall furnish calibrated instruments and tools required for commissioning.   TAB and CA will do likewise.
B. Proprietary test equipment and software required by equipment manufacturer for programming and /or start-up shall be provided by the vendor of the equipment, and shall become the property of the LANL upon completion of the Cx process.

C. Instruments used for measurements shall meet AABC or NEBB-specified accuracy and calibration histories, and shall be available for spot-checking by LANL during testing.
PART 3 EXECUTION

3.8 general requirements
A. Cx team will participate in the LANL training sessions set up by the CxA and CA.

B. I&C and BAS Subcontractors shall:

1. Comply with all requirements for support and coordination per 25 5000.
2. Provide technicians to assist in LANL’s verification of TAB report and acceptance testing.  TAB Subcontractor will likewise assist
C. With Subcontractor assistance, CA will develop and submit functional testing procedures for each HVAC system including safety devices and features (safety shutoffs, interlocks, and failure modes, etc.).

D. Initial commissioning shall be performed as soon as Subcontract work is completed, regardless of season.  (Subsequent seasonal commissioning may be undertaken at any time thereafter to ascertain adequate performance during peak cooling and heating seasons.)
E. Simulated conditions may be imposed using an artificial load when it is not practical to test under design conditions.  CA will direct simulated conditions including set point changes, and Subcontractors shall apply the simulated conditions—and return all settings to normal operating conditions after testing.
3.9 verification  
A. CA will verify that HVAC systems, including I&C and BAS  systems, have been installed, calibrated, and are started and operating according to the vendor/manufacturer documents, and all pretest set points have been recorded. 

B. CA will verify that field quality control requirements of individual HVAC-related specifications, including cleaning, are met. 

C. CA will verify that TAB has been completed and TAB reports have been submitted, and deficiencies are corrected.
D. Subcontractor shall verify (with CA oversight) that HVAC systems are operating in all modes (e.g., normal, manual, auto, unoccupied, emergency, alarm mode, and failure mode, etc.).

E. Subcontractor shall verify (with CA oversight) the position of each device and interlock on checklists, and that each automatic control device is provided with fail-safe feature and a means for manual operation.

3.10 LANL RESPONSIBILITIES
A. Designate the CxA to coordinate all Cx activities with design agency, construction manager, Subcontractors, manufacturers, and equipment suppliers.
B. CA will demonstrate system performance to the CxA for all modes of system operations (normal, abnormal, emergency), and participate in verification of the TAB report where required by the CxA.

C. CA will notify the CxA within 10 working days of receipt of written notification from Subcontractor that system(s) will be ready for commissioning.

D. Prior to operation, CA will verify deficiencies are corrected.
E. CA will witness and may direct all verifications and acceptance tests.
F. CA will develop and submit the Cx plan including the organization, scheduling, team members and qualifications, and documentation required for the HVAC Cx process.
G. TAB Subcontractor will perform testing, adjusting, and balancing per Section 23 0593, Testing, Adjusting, and Balancing for HVAC.  CA will evaluate the TAB report(s) by witnessing the TAB process or by random sample tests. A random sample of the report data will be selected for verification.
H. CA will prepare a Commissioning report including results of functional testing and performance testing.

I. CA will prepare Certificate of readiness with following supporting documents including completed pre-start/start-up checklists and Final verification report documenting that all inspections and tests in the TAB report are completed, and deficiencies are resolved in verification of the TAB report.

3.11 ACCEPTANCE Testing
A. CA, with assistance from the I&C and BAS Subcontractors, will prepare the acceptance test procedure with a pre-test checklist to demonstrate the following:
1. Capacity and capability of all cooling/heating, ventilation, and heat transfer equipment (AHUs/fans, heat exchangers, chillers, boilers, cooling towers, energy recovery equipment, and condensers) based on fluid (air, water, refrigerant, etc.) flows, pressure, and temperature measurements.
2. Ability of the cooling/heating, ventilation, and heat transfer equipment to deliver the cooling/heating and ventilation to their distribution systems (duct and piping systems) based on airflow and water flow, and pressure and temperature measurements.
3. Individual room cooling and heating, temperature gradient and airflow pattern (as applicable), and pressure control capability by room temperature, pressure, and velocity (as applicable) measurements.  
4. Operation of all safety devices and features (safety shutoffs, interlocks, freeze protection, and failure modes, etc.) in the HVAC system.
5. Vibration and sound control equipment perform as designed. 
6. Functional testing of control systems (integral and standalone) is verified as identified in sequence of operation.
7. Proper performance of electrical equipment required for the HVAC system on various operating conditions in the sequence of operation.
END OF SECTION
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