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FOREWORD

VA Program Offices, project teams, designers and constructors, are obligated to our Nation's
Veterans and taxpayers to make the most effective and efficient use of resources, by providing
a continuum of safe, secure, high quality, high performance, and high value environments of
care and service for Veterans. The VA Office of Construction and Facilities Management (CFM)
supports the Department's mission through development and application of standards as a
basis for disciplined planning, design, and construction of VA facilities.

VA Standards are the culmination of a partnership among the Department of Veterans Affairs
(VA), the VA Administrations, Program Officials, Clinicians, Industry, Academic and Research
Organizations, Expert Consultants, and the Office of Construction and Facilities Management.
VA Standards are developed through integration of VA-specific requirements, Federal law and
regulation, benchmarking of industry best practice, evidence-based research and design, and
value-based analysis of leading edge innovation. The result is the establishment of best value
standards for optimum functionality, safety, operability, performance, and quality throughout
the VA environment of care and service.

The VA Technical Information Library (TIL) (www.cfm.va.gov/TIL) provides standards for all VA
planning, design, and construction projects. VA TIL Standards communicate the basis of design
and are required to be utilized by project teams working on new construction and renovations
of existing facilities. VA Standards will maximize the effectiveness and efficiency of the
planning and design process and facilitate a high level of design, while controlling construction,
operating, and maintenance costs.

For all VA projects, it is required that project teams comply with the following in all phases of
project development:

1) All applicable VA Standards published in the VA Technical Information Library (TIL) shall
be applied as a basis, foundation, and framework in planning, design, and construction.
Any substantial variance from Standards shall be considered only as required to
accommodate specific site, functional, and operational conditions. Upon consideration
of variance CFM shall be consulted, and each Administration will function as Authority
Having Jurisdiction for decision. Each substantial variance shall have a basis rationale
and be documented in the project record;

2) Clinicians, providers, primary users, and other stakeholders shall be involved in all
phases of project development to best adapt Standards for specific functional,
operational, and site conditions, and to provide optimum service environments for
Veterans. This also includes installations and modifications of systems or technology
involving safety, security, functionality, or environmental quality. Stakeholder
involvement shall be documented in the project record.

VA TIL Standards are not project-specific. It is impossible to foresee all rapidly evolving
requirements of VA facilities and each site or project will have unique requirements or
conditions. Site-specific issues must be addressed within the context of these standards and
applied to each individual project. Use these Standards does not preclude the need for, nor
absolve planners, designers, and constructors of their responsibility to provide complete,
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functional, safe, and secure designs suited to the unique requirements of each project, within
budget, and on schedule.

Materials, equipment and systems are shown in an illustrative, performance-based format and
are not intended to depict, suggest, or otherwise constitute endorsement of any specific
product or manufacturer. Manufacturers should be consulted for actual dimensions,
configurations, and utility requirements.

For additional information regarding the VA Technical Information Library and development
and application of VA planning, design, and construction standards, please contact Donald L.
Myers, Director, Facilities Standards Service, US Department of Veterans Affairs, Office of
Construction and Facilities Management.

U.S. Department
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INTRODUCTION

This VA HVAC Design Manual for the Department of Veterans Affairs (VA) Healthcare Facilities is
the only detailed design requirements manual for VA. The original 2017 version has been edited
several times since first publication to keep the information updated and synchronized with the
latest industry trends. VA lessons learned, collected from VHA clinicians and operations
personnel, have been incorporated as well. The November 1, 2021 revision of this manual
includes high priority changes recommended by the VA CFM/VHA HVAC committee in response
to the COVID-19 pandemic. Compliance to the Design Manual, which promulgates minimum
performance design standards for VA owned and leased new buildings and renovated facilities,
ensures that VA facilities will be of the highest quality to support Veterans Health Care.

The Office of Construction and Facilities Management (CFM) is responsible for developing and
maintaining this Design Manual. Revisions are made as necessary. The Architect/Engineers
(A/E), Project Managers (PM), Resident Engineers (RE), Contractors, and Consultants should
refer to the VA Directives, VA Policies, VA Design Alerts and Memorandums before each use of
this design manual to note any updates that have been made since the last use. The VA Design
Manuals align the VA Facilities program with the VA mission.

VA has adopted the latest edition of the codes and standards as a minimum for all projects
performed in the modernization, alteration, addition, or improvement of its real property and
the construction of new structures. VA design Manuals and Master Specifications specify
additional codes and standards that VA follows on its projects.

Design, construction, renovation and installation of all VA Facilities must be in accordance with
this Design Manual and with the latest editions and/or revisions of all applicable codes, policies
and standards. Nothing in this Design Manual should be construed as authorization or
permission to disregard or violate local and legal requirements.

Variance from this Design Manual may be proposed to promote new concepts and design
enhancements. Variance shall not conflict with Federal Regulations, Public Laws, Executive
Orders, or the needs of the end users. All variances shall be reviewed by the VHA Office of
Healthcare Engineering (OHE) in consultation with CFM Consulting Support Service (CSS).

Any reviewed variances are subject to written approval by the VA Authority. The VA Authority
for all VHA projects is the Director of the Office of Healthcare Engineering. The VA Authority for
VBA and NCA projects is the Director of the Office of Construction and Facilities Management
(CFM). Request for variance shall be submitted in writing by the A/E through the COR in
sufficient detail to explain the issues.
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1.1 GENERAL

HVAC Design Manual for New, Replacement, Additions, and Renovations of Existing VA Facilities
(March 2011 with Amendments A and B) and HVAC Design Manual for Community Living
Centers and Domiciliary (March 2011) are revised to combine both documents into one manual
and to incorporate changes resulting from the following:

e International Building Code (IBC) Including IMC and IPC

e ASHRAE Standard 170 — 2013 (Ventilation of Health Care Facilities)

e HVAC Design Criteria Revisions — Surgery Suite, SPS Suite, Animal Research, etc.
e Coordination With Current VA Design Guides

e Miscellaneous Corrections and Users’ Input

e VA Sustainable Design Manual

e Addition of Requirements for Central Laundries, and Office Buildings

This manual is intended for the Architect/Engineer (henceforth referred to as the A/E) and
others engaged in the design and renovation of VA facilities. It is applicable to all Major
Projects, Non-Recurring Maintenance (NRM) and Minor Construction Projects to ensure quality
control and uniformity in design and construction practice and procedures.

Use of this manual shall result in meeting the primary objective of providing environmental
comfort to patients, staff, and visitors. The HVAC system shall be:

e Technically correct, complete, and coordinated.

e In compliance with all applicable safety standards.

e Easily accessible for repairs and maintenance.

e Energy efficient.

e In compliance with prescribed noise and vibration levels.

1.1.1 DEVIATIONS AND VA AUTHORITY

Deviations from this manual may be proposed to promote new concepts and design
enhancements and to contend with adverse existing conditions and limitations in renovation
projects. Deviations shall not conflict with Federal Regulations, Public Laws, Executive Orders,
or the needs of the end users. All deviations shall be reviewed and approved in writing by the
VA Authority. The VA Authority for all VHA projects is the Director of the Office of Healthcare
Engineering (OHE). The VA Authority for VACO, VBA and NCA projects is the Director of the
Office of Construction and Facilities Management (CFM). Request for deviations shall be
submitted in writing by the A/E through the COR in sufficient detail to explain the issues. The
amount of documentation will vary on a case by case basis but in general may contain some or
all of the following elements:

e Narrative explanation of the requested deviation (provided in all cases).
e Construction cost impact (provided in all cases).

e Construction schedule impact (provided in all cases).

e Equipment and material data sheets when applicable.

e Photographs of existing conditions when applicable.

U.S. Department _
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e (Calculations, including cost estimates.
e Drawings and sketches.
e Other background information such as codes, standards etc.

The complete request for deviation shall include all the required elements listed above in a
concise narrative package with supporting data which clearly communicate what the deviation
is, why the deviation is being requested, and the operational, maintenance, energy, cost, and
schedule impacts of accepting the deviation and of rejecting the deviation.

1.2 ENERGY CONSERVATION

Refer to the VA Sustainable Design Manual, May 6, 2014 or approved latest edition available at
the time design NTP is issued.

1.2.1 ENERGY REDUCTION REQUIREMENT - NEW CONSTRUCTION

All new buildings and/or additions to existing buildings entering design on or after April 7, 2023,
must be designed to meet the minimum requirements of ASHRAE 90.1-2019. In addition, if
lifecycle cost-effective, reduce site energy use by 30 percent compared to the baseline building
performance rating per ASHRAE 90.1-2019, Appendix G. If a lifecycle cost effective design
cannot be achieved that meets the 30 percent reduction requirements, select the most efficient
design that meets or exceeds the minimum requirements and is lifecycle cost-effective.

1.2.2 ENERGY REDUCTION REQUIREMENT - MAJOR RENOVATIONS

Comply with requirement to achieve LEED Silver certification contained in CFM Policy Memo
003C-2021-21 (Green Building Certification Requirement) and Standards Alert 018 (Green
Building Certification Standard Update).

Meet the minimum requirements of LEED v4.1 Energy and Atmosphere prerequisite “Minimum
Energy Performance.” In addition, achieve a minimum of five points (20% better than ASHRAE
90.1-2016) under LEED v4.1 Energy and Atmosphere Credit “Optimize Energy Performance,” if
lifecycle cost-effective. If five points cannot be achieved in a LCC-effective manner, design to
achieve the highest number of points that are LCC-effective.

1.2.3 LIFE-CYCLE COST ANALYSIS - METHODOLOGY

An engineering and economic analysis shall be performed in accordance with the procedure
outlined by the DOE in the National Institute of Standards and Technology (NIST) Handbook 135
dated February 1996 (or the approved latest edition) — Life-Cycle Costing Manual for the
Federal Energy Management Program. The available resources are:

NIST Handbook 135 — Life-Cycle Costing Manual for the Federal Energy Management Program
Located in: http://fire.nist.gov/bfrlpubs/build96/PDF/b96121.pdf

Energy Price Indices and Discount Factors for Life-Cycle Cost Analysis — 2016 (current year) —
Annual Supplement to NIST Handbook 135

Located in: http://nvipubs.nist.gov/nistpubs/ir/2016/NIST.IR.85-3273-31.pdf
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NIST Building Life Cycle Cost (BLCC) Programs (current version and year)

Located in: https://energy.gov/eere/femp/building-life-cycle-cost-programs

1.2.4 VAPOLICY

Reduction in the energy budget shall be expressed in Btu/sf (gross) [kWh/sm (gross)]. Follow
the requirements in the approved latest edition of the VA Sustainable Design Manual.

1.3 MEASUREMENT AND VERIFICATION

Per DOE Guidelines issued under Section 103 of EPACT, install building-level utility meters in
new major construction and renovation projects to track and continuously optimize
performance. Memorandum of Understanding (MOU) mandates that the actual performance
data from the first year of operation shall be compared with the energy design target. After one
year of occupancy, the A/E shall measure all new major installations using the ENERGY STAR®
Benchmarking Tool for building and space types covered by ENERGY STAR® or FEMP-designated
equipment. The A/E shall submit a report of findings to the VA Authority identified in paragraph
1.1.

1.4 ABBREVIATIONS AND REFERENCES
See Chapter 7: CLIMATIC DATA for weather design conditions to be used for calculations.

See Chapter 8: ABBREVIATIONS AND REFERENCES for abbreviations and references used in this
manual.

1.5 COMMISSIONING

In accordance with the Guiding Principles for Sustainable Federal Buildings (Feb 2016), employ
commissioning practices tailored to the size and complexity of the building and its system
components in order to verify performance of building components and systems and help
ensure that design requirements have been meet.

Comply with VA’s Whole Building Commissioning Process Manual May 2013, Revised November
2013.

1.6 VA STANDARDS

At the beginning of every design project the A/E shall download from the VA Technical
Information Library (TIL) all technical documents pertinent to the scope of the project being
completed and shall use those documents and the documents referenced therein as references
for the completion of the project. The documents in force at the time the design notice to
proceed (NTP) is issued shall govern unless they are contractually changed by the CO. The use
of VA provided information does not relieve the A/E from their legal and ethical obligations to
correctly apply the information and to research additional information when the VA provided
documents are insufficient for the project at hand. The Fundamental Cannons of the National
Society of Professional Engineers (NSPE) Code of Ethics for Engineers shall apply. Descriptions
of major standards follow:
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1.6.1 VA MASTER CONSTRUCTION SPECIFICATIONS (PG-18-1)

Located in Technical Information Library
https://www.cfm.va.gov/TIL/spec.asp

The VA Master Construction Specifications provide a standardized method for the A/E to ensure
that the contractor provides equipment and systems that meet the design intent in terms of
performance, quality and cost.

The VA Master Construction Specifications accomplish this by:

e Providing specific narrative descriptions of required equipment, salient elements, and
system construction

e Listing applicable standards and codes and references

e Requiring individual submittal of equipment and systems for review and approval prior
to contractor purchase

e Defining specific installation methods to be used

1.6.2 DESIGN AND CONSTRUCTION PROCEDURES (PG-18-3)

Located in Technical Information Library
https://www.cfm.va.gov/TIL/cPro.asp

The design and construction procedures establish minimum consistent design and construction
practices.

The Procedures section accomplishes this by:

e Referencing applicable codes and policies
e Describing standard drawing formats

e Listing security strategies

e Including miscellaneous design details

1.6.3 STANDARD DETAILS AND CAD STANDARDS (PG-18-4)

Located in Technical Information Library
https://www.cfm.va.gov/TIL/sDetail.asp

The standard details and CAD standards provide a standardization of CAD documents submitted
to the VA Authority.

The Standard Details section accomplishes this by:

e Providing downloadable equipment schedules

e Listing symbols and abbreviations

e Providing downloadable standard details in .dwg or .dwf format
e Providing requirements for preparing CAD drawings

Note: The A/E shall utilize the VA Standard Details to the fullest extent possible. A modification
to a Standard Detail requires the approval of VA Authority identified in paragraph 1.1.1
DEVIATIONS AND VA AUTHORITY. A comprehensive list of symbols and abbreviations is
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included with the VA Standard Details. Use of the VA abbreviation list is mandatory. Edit the
VA abbreviation list to be project specific.

All drawings shall be numbered and arranged in strict accordance with VA CAD Standards.

1.6.4 DESIGN MANUALS (BY DISCIPLINE) (PG-18-10)

Located in Technical Information Library
http://www.cfm.va.gov/TIL/dManual.asp

The design manuals provide specific VA design philosophy for medical and support facilities.
The Design Manuals accomplish this by:

e Explaining specific design methodologies

e Listing acceptable system types

e Codifying certain code interpretations

e Listing values for design parameters

e Referencing certain sections of the Master Specification and Standard Details
e Containing examples of certain design elements

The A/E shall review all applicable design manuals. Some that are specific importance are as
follows:
1.6.4.1 Fire Protection Design Manual

This manual provides the fire protection engineering design criteria for all categories of VA
construction and renovation projects.

The Manual accomplishes this by:

e Mandating code and standard compliance
e Defining water-supply requirements

Defining fire extinguishing and fire alarm system requirements

1.6.4.2 Physical Security and Resiliency Design Manual (PSRDM) For VA Facilities

This manual defines physical security standards required for facilities to continue operation
during a natural or man-made extreme event and for facilities that are required to protect the
life safety of patients and staff in an emergency.

The Manuals accomplish this by:

e Setting objectives for physical security

e Providing strategies for use in design and construction to provide protection to VA
facilities

e Providing cost-effective design criteria
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1.6.4.3 Plumbing Design Manual

This manual provides the plumbing engineering design criteria for all categories of VA
construction and renovation projects.

The Manual accomplishes this by:

e Mandating code and standard compliance
e Setting objectives for Legionella Mitigation
e Listing values for design parameters

1.6.4.4  Steam, Heating Hot Water, and Outside Distribution Design Manual

Volume 1 - Steam Boilers
Volume 2 - Water Boilers
Volume 3 - Outside Steam and Heating Hot Water Distribution Systems

This manual provides the engineering design criteria for steam, hot water and outside
distribution systems for all categories of VA construction and renovation projects.

The Manual accomplishes this by:

e Mandating code and standard compliance

e Establishing VA requirements on the quantity, capacity, arrangement, and standby
capability of boilers and auxiliary equipment

e Establishing a baseline for LCCA and equipment life for system comparisons

1.6.4.5 Sustainable Design Manual

https://www.cfm.va.gov/til/sustain.asp

This manual provides sustainable design practices to improve the building environment and to
provide cost savings for long-term building operations and maintenance.

The Manual accomplishes this by:

e Prescribing the use of integrated design practices

e Providing strategies for optimization of energy performance

e Providing strategies for protection and conservation of water resources
e Providing strategies for enhancement of indoor environmental quality
e Providing strategies for reduction of environmental impact of materials

1.6.4.6 Telecommunications Systems Infrastructure Standards and Design

Primary telecommunications reference for data center specifications and design templates.

1.6.5 DESIGN GUIDES (GRAPHICAL, BY FUNCTION) (PG-18-12)

Located in Technical Information Library
https://www.cfm.va.gov/TIL/dGuide.asp
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The design guides provide the designer with specific layout templates and medical equipment
lists for all types of spaces, uses and specific design parameters for structural, electrical and
mechanical service.

The Design Guides accomplish this by:

e Publishing design information

¢ Including functional diagrams and layout plates

e Listing standards
1.6.5.1  Audiology and Speech Pathology Service
This design guide provides design requirements of audiology and speech pathology clinics
within hospital or outpatient clinic environment.
1.6.5.2 Cardiovascular Laboratory Service Design Guide
This design guide provides design requirements for cardio vascular laboratory service clinics
within hospital or outpatient clinic environments.
1.6.5.3 Dental Service Design Guide
This design guide provides design requirements for dental services clinics within hospital or
outpatient clinic environments.
1.6.5.4 Digestive Diseases Endoscopy Service Design Guide
This design guide provides design requirements for digestive diseases and endoscopy service
clinics within hospital or outpatient clinic environments.
1.6.5.5 Electroencephalography Laboratory (EEG) Design Guide
This design guide provides design requirements for electroencephalography laboratories within
hospital or outpatient clinic environments.
1.6.5.6 Emergency Department (ED) Design Guide
This design guide provides design requirements for Emergency Department within hospital
environments.
1.6.5.7 Eye Clinic: Ophthalmology and Optometry Services Design Guide
This design guide provides design requirements for eye clinics within hospital or outpatient
clinic environments.
1.6.5.8 Imaging Service Design Guide

This design guide provides design requirements of MRI, nuclear medicine, and radiology
services suites within hospital or outpatient clinic environments.
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1.6.5.9 Medical/Surgical Inpatient Units & Intensive Care Nursing Units Design Guide

This design guide provides design requirements for medical inpatient units, surgical inpatient
units and intensive care nursing units within a hospital environment.

1.6.5.10 Mental Health Facilities Design Guide

This design guide provides design requirements for several mental health (MH) facilities /
services including inpatient MH units, outpatient services, and residential rehabilitation and
treatment facilities. Depending on the service and circumstances these facilities may be part of
hospitals, outpatient clinics or even standalone MH facilities.

1.6.5.11 Infrastructure Standard for Telecommunications Spaces (ISTS)

This standard provides design requirements for telecommunications spaces (entrance rooms,
telecommunications rooms, and server rooms), cable plant equipment and systems, and
infrastructure systems providing support for telecommunications equipment and spaces. This
standard replaces the Office of Information & Technology Design Guide as described in
Standards Alert 017. The older Design Guide continues to provide a link to functional areas used
in Program for Design (PFD) space planning in PG 18-9 VA Space Planning Criteria and SEPS
(Chapter 232).

1.6.5.12 Lease Based Outpatient Clinic Design Guide

https://www.cfm.va.gov/til/leasing.asp

This design guide provides design requirements for leased based outpatient clinics. Depending
on the size and location these clinics will contain numerous services. The A/E shall refer to
other specialty design guides for additional information. A related document, Leased Based
Outpatient Clinic SFO Template, shall be used by the A/E tasked with developing the SFO
documents for the leased based clinic.

1.6.5.13 Patient Aligned Care Team (PACT) Module Design Guide
This general design guide provides design requirements to implement PACT concepts on
inpatient and outpatient clinics and other departments.

1.6.5.14 Pharmacy Service Design Guide

This design guide provides design requirements for inpatient and outpatient pharmacy service
units. Note that while outpatient clinics will only have outpatient pharmacies, hospitals will
have both inpatient and outpatient units.

1.6.5.15 Polytrauma Rehabilitation Center Design Guide

This design guide provides design requirements for polytrauma rehabilitation centers. These
centers may be standalone buildings within a medical center campus or may be a section of a
larger hospital.
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1.6.5.16 Pulmonary Medicine Service Design Guide

This design guide provides design requirements for pulmonary medicine services clinics within
hospital or outpatient clinic environments.

1.6.5.17 Radiation Therapy Service Design Guide

This design guide provides design requirements for radiation therapy clinics within hospital or
outpatient clinic environments.

1.6.5.18 Research and Development Design Guide

This design guide provides design requirements for research service units within hospital
environments.

1.6.5.19 Small House Model Design Guide

This design guide provides design requirements for community living centers which include
resident living spaces, dining areas and other community areas such as the community center.
These typically standalone facilities may be located within a larger medical center campus or as
a completely standalone facility away from a main campus.

1.6.5.20 Spinal Cord Injury Disorders Center

This design guide provides design requirements for spinal cord injury disorders centers. These
facilities may be a single ward, a wing of a larger hospital, or a standalone building within a
medical center.

1.6.5.21 Sterile Processing Service and Logistics Service Design Guide

This design guide provides design requirements for logistics services spaces and sterile
processing service spaces. Both these functions occur in hospitals and in outpatient clinics.
1.6.5.22 Surgical and Endovascular Services Design Guide

This design guide provides design requirements of operating rooms and their support spaces
within hospital or outpatient clinic environments.

1.6.6 OTHER DOCUMENTS AND STANDARDS

Located in Technical Information Library
https://www.cfm.va.gov/TIL/

In addition to Design Guides and Design Manuals the Technical Information Library contains
other types of documents listed below. The purposes of these documents vary from addressing
A/E submission requirements and peer reviews to specific technical guidance, to urgent
response to discovered recurring or non-recurring deficiencies.
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1.6.6.1 A/E Submissions Requirements (PG-18-15)

Located in Technical Information Library
https://www.cfm.va.gov/til/aeDesSubReq.asp

These requirements provides a staged list of tasks in various design categories to define the A/E
scope and ensure thorough and timely completion of the final design package and bid
documents.

The requirements accomplish this by:

e Progressively listing tasks at Schematic, Design Development, and Construction
Documents stages

e Requiring task completion and submission for each stage according to a Critical Path
Method (CPM) calendar

e Requiring implementation of a QA/QC process to ensure a quality design product

e Requiring life-cycle analysis of alternatives in order to optimize the design-to-cost
tradeoff

e Listing and detailing all the drawings, calculations, and specifications required for a
complete design package

e Indicating the final distribution of bid documents

e Indicating the interface between this Design Manual and Submission Requirements at
each submission phase

1.6.6.2  Design Review Checklist

Located in Technical Information Library
https://www.cfm.va.gov/til/aeDesSubReqg.asp

This checklist provides the VA Peer Reviewer with a minimum list of critical items which must
be included in each A/E submission. Also, it ensures the design A/E is aware of the required
data at each submission. These actions mitigate delays on the project and additional costs to
the A/E due to rework.

The Checklist accomplishes this by:
e Referring to all VA design tools which pertain to the specific project
e Detailing certain life safety and coordination requirements

1.6.6.3  Seismic Design Requirements (Structural) (H-18-8)

Located in Technical Information Library
https://www.cfm.va.gov/TIL/seismic.asp

The manual defines the requirements for seismic design in new facilities and for rehabilitation
of existing facilities.

The Manual accomplishes this by:

e Defining critical and essential facilities
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e Prescribing code compliance with modifications
e Prescribing occupancy categories
1.6.6.4 Design Alerts

Located in Technical Information Library
http://www.cfm.va.gov/TIL/alert.asp

Design Alerts are issued for the purpose of reducing construction change orders and for
addressing other construction related issues.

The Design Alerts accomplish this by:
e Publishing periodic alert memos
e Summarizing design solutions
1.6.6.5  Standards Alerts

Located in Technical Information Library
http://www.cfm.va.gov/TIL/alert.asp

This category of Alert serves to identify innovative and broad ranging Standards and Design
processes and procedures that have a major impact on the VA's goal of delivering world-class
facilities.

The Standards Alerts accomplish this by:

e Publishing immediate memos that modify standards before updates are able to be
coordinated and issued formally
e Providing guidance pertaining to updated national references

1.6.6.6 Cost Estimating Requirements

Located in Technical Information Library
https://www.cfm.va.gov/til/aeDesSubReqg.asp

The manual provides guidance on VA cost estimating requirements and philosophy for medical
facilities.

The Manual accomplishes this by:
e Explaining specific estimating methodologies
e Providing examples of certain design elements.
1.6.6.7 Building Information Modeling (BIM) - VA BIM and CAD Standards

Located in Technical Information Library
http://www.cfm.va.gov/til/projReq.asp

The use of BIM platform is required for all major construction and renovation projects per
details given in VA BIM Manual.
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1.6.6.8 Whole Building Commissioning Process Manual

Located in Technical Information Library
https://www.cfm.va.gov/til/spclRgmts.asp#Cx

This manual provides the VA requirements for the commissioning process during design phase,
construction phase and warranty phase.

1.7 HVAC DESIGN MANUAL (PG 18-10) AND A/E SUBMISSION REQUIREMENTS
(PG 18-15)

1.7.1 COORDINATION

The documentation requirements outlined in PG-18-15 are the minimum contractual
milestones and not the details and procedures described in this Manual. By supplementing
each other, these two documents provide comprehensive guidelines to develop supporting
documentation for successful and state-of-the-art design.

1.7.2 COMPLIANCE REQUIREMENTS

For each submittal, the A/E shall forward to the VA a detailed list of the submissions required
with a notation of full or partial compliance.

1.7.3 EQUIPMENT SCHEDULES

1.7.3.1 Order of Presentation

For each item in a schedule, show the Basis of Design, including the manufacturer and model
number selected. These columns shall be hidden on the final design documents but available
for VA use and for use later in the design, construction and maintenance process.

Equipment schedules shall be grouped on the design documents by system type, such as air
side, water side, and steam.

1.7.3.2 Equipment Capacity and Performance Data Requirements

Scheduled output (required) performance such as CFM, cooling and heating capacities, GPM,
Ibs. of steam per hour etc. shall be based on the actual design calculations and not on any
particular manufacturer’s capacity. Other equipment characteristics such as internal friction
losses, exterior dimensions, fan and pump efficiencies, motor horsepower and other electrical
requirements shall be scheduled using actual equipment data from the range of available
manufactured products.

1.7.33 Equipment Schedules — Glycol Data

Heat exchangers, coils, pumps and chillers in glycol-water system shall be identified on the
equipment schedule showing the percent glycol by volume of the circulating fluid for
equipment derating purposes.
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1.8 VA HOSPITAL BUILDING SYSTEM

Located in Technical Information Library
https://www.cfm.va.gov/TIL/spclRgmts.asp#VAHBS

The VA Hospital Building System (VAHBS) is a methodology based on a modular concept for
planning, designing, and constructing hospitals.

The methodology has been used nationwide successfully for capital and operating cost
containment, shortened delivery schedules, and improved space utilization flexibility. All new
and replacement VA hospital buildings shall use the VAHBS system. This system is also
recommended for major additions to existing hospitals where future adaptability is an
important factor.

See VHA Program Guide PG-18-3, Design and Construction Procedures, Topic 3, “VA Hospital
Building System,” for further guidance. The complete reference for the VAHBS is contained in
the 1976 Development Study (referred to as the Redbook) and the 2006 Supplement.
Additional details are included in Appendix 1-A.
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APPENDIX 1-A: VA HOSPITAL BUILDING SYSTEM
1-A.1 DESCRIPTION OF MODULES

GENERAL

The Redbook (see link in Paragraph 1-A.2 below) proposes a systematic or modular approach to
the design of new hospital buildings with interstitial spaces. The building system approach
requires integration of service modules starting with the initial stages of the design process.
Service modules are defined as one-story units of building volumes with a footprint of 10,000 sf
(930 m?) to 20,000 sf (1,860 m?). Each module consists of structural bays, a service zone, and a
functional zone (often subdivided into space modules). Each service module is completely
contained in a fire compartment, either alone or with one or more other modules. The A/E
shall ascertain that the duct layout and related equipment in the interstitial spaces and
elsewhere are accessible for maintenance, operation, and replacement.

STRUCTURAL BAYS

The structural bay is the basic unit of which all other modules are composed. The dimensions of
the structural bay are influenced by the functional layout, service zone clearances, and the type
of structural system selected.

THE SERVICE ZONE

A service zone includes a full height service bay (with independent mechanical, electrical, and
telecommunications rooms) and an independent service distribution network that includes an
interstitial space above the functional zone.

THE FUNCTIONAL ZONE

The functional zone is the occupied floor area within a service module. Space modules are
subdivisions of the functional zone.

FIRE COMPARTMENT

A fire compartment is a unit of area enclosed by a two-hour-rated fire resistive construction
with at least two different exits.

UTILITIES

Individual HVAC, plumbing, electrical power, telecommunications, and fire protection (sprinkler
systems) are all fully integrated into the service module.
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ZONING OF AIR-HANDLING UNITS

As far as possible, selection of the air-handling unit shall follow the modular concept and match
the boundary of the service zone. To achieve this, the space planners must ensure that only a
single functional department is fitted in the space below the service zone.

During the conceptual design development, the following issues should be raised and resolved
with the space planners:

(a)

(b)

A single air-handling unit is meant to serve one medical function such as surgery, the
patient wing, or a clinic. The same air-handling unit cannot service multiple functional
areas due to their substantially differing HVAC needs.

Should the boundary of the single air-handling unit extend beyond the service zone, the
air-handling unit shall cross the service zone to serve the spaces located beyond the
zone. Conversely, if two functional areas share the space below the same service zone,
multiple air-handling units may be required for the same service zone. Multiple air-
handling units may also be required if the capacity requirement of the functional space
exceeds the limiting parameter of 60,000 cfm [28,300 L/s]. The design may also
consider multiple air units to serve large functional areas — for example a large surgery
suite to preclude the possibility of losing all of surgery due to the failure of one unit.

1-A.2 REFERENCES

DEVELOPMENT STUDY-VAHBS (REDBOOK — REVISED 1976)

https://www.cfm.va.gov/til/studies.asp#VAHBS

SUPPLEMENT TO DEVELOPMENT STUDY (2006)
https://www.cfm.va.gov/til/studies.asp#VAHBS

1-A.3 BASIC DESIGN OF A SERVICE ZONE

Figure 1-A (following) shows a typical service zone.
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2.1 GENERAL

This chapter covers the Heating, Ventilation, and Air-Conditioning (HVAC) systems
requirements for design and special studies in all VA facility projects. Information given below
shall be used in conjunction with the Master Construction Specifications, and associated
documents, described in Chapter 1 and located on the TIL.

2.2  BASIS OF DESIGN

2.2.1 OUTDOOR DESIGN CONDITIONS

Weather conditions for VA facilities are provided in Chapter 7. These conditions are based on
the locations closest to the VA facilities published in the ASHRAE Handbook of Fundamentals -
latest edition. The A/E can recommend and use (subject to prior approval by VA Authority —
identified in Chapter 1, paragraph 1.1) more severe conditions, based on experience and
knowledge of local weather conditions.

e High Humidity Locations: Chapter 7, for VA Facilities in High Humidity Locations.
e Low Humidity Locations: Chapter 7, for VA Facilities in Low Humidity Locations.

2.2.1.1 Cooling and Heating Load Calculations

Use the following conditions in software calculating the space cooling and heating loads:

e Cooling (critical facilities such as inpatient wards, nursing home care, OR research labs,
etc.) — 0.4% Dry-bulb and mean coincident wet bulb temperatures).

e Heating (critical facilities such as inpatient wards, nursing home care, OR research labs,
etc.) — 99.6% Dry-bulb and mean coincident wet bulb temperatures).

e Cooling (non-critical facilities such as offices, warehouses, central laundry etc.) — 1.0%
Dry-bulb and mean coincident wet bulb temperatures).

e Heating (non-critical facilities such as offices, warehouses, central laundry etc.) — 99.0%
Dry-bulb and mean coincident wet bulb temperatures).

Note: Refer to VA Physical Security Design Manual — Mission Critical Facilities and Life Safety
Protection Facilities for the types of facilities identified as mission critical.

2.2.1.2 Air System Mixed Air Conditions Calculations

Use the following conditions for air handling unit mixed air calculations and for sizing heating
coils, cooling coils, and humidifiers:

e Cooling (100% outdoor air unit) — 0.4% wet bulb and 0.4% dry-bulb.

e Pre-Heating (100% outdoor air unit) — Mean of minimum annual extremes temperature.

e Cooling (Units with recirculation serving in-patient facilities) — 0.4% Dry-bulb and mean
coincident wet bulb temperatures.

e Heating (Units with recirculation serving in-patient facilities) — 99.6% Dry-bulb
temperature.

e Cooling (All other units with recirculation) — 1.0% Dry-bulb and wet-bulb temperatures.
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e Heating (All other units with recirculation) —99.0% dry-bulb temperature.
e All Humidifiers: 99.6% Humidification dew point and mean coincident dry-bulb
temperatures. See ASHRAE Handbook of Fundamentals - latest edition.

2.2.1.3 Cooling Tower Selection
Use the following conditions for selecting evaporative cooling tower:

e 2 F[1C]above 0.4 Percent Wet-Bulb Temperatures

2.2.2 INDOOR DESIGN CONDITIONS

See Chapter 6, paragraph 6.4 General Notes and Room Data Sheets. Referto ASHRAE Standard
170-2013 or approved latest edition for any clinical or medical spaces not listed in Chapter 6.

2.2.3 COOLING AND HEATING LOAD CALCULATIONS — PARAMETERS

2.2.3.1 Occupancy:

Consider as many of the following as are available to determine occupancy. Base design
occupancy on the most accurate information available

e Applicable VA Design Guides

e Project Program Data

e Furniture Layout — Architectural Drawings

e ASHRAE Standard 62.1-2016 or approved latest edition (Ventilation for Acceptable
Indoor Air Quality)

e Existing furniture layout in spaces being renovated.

2.2.3.2 Occupant Heat Loads:

Use appropriate occupant sensible and latent heat output based on activity level and male or
female occupancy ratio. See table in chapter entitled “Nonresidential Cooling and Heating Load
Calculations” in ASHRAE Handbook of Fundamentals - latest edition. For animal laboratory
and/or animal housing projects obtain animal metabolic rate information from tables in chapter
entitled “Laboratories” in ASHRAE Handbook of HVAC Applications - latest edition.

2.2.33 Light and Power Loads

Calculate the heat gain due to lighting (overhead and task lights) and power (connected and
plug-in equipment) loads, using the actual lighting and equipment layout and the
manufacturer’s published data. Use of assumed parameters (W/sf or Btuh/sf) is not acceptable
in the final design. As part of the HVAC load calculation, prepare and submit a list of all
equipment with associated heat dissipation for each space, including the applied diversity
factors.
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2.2.34 Building Thermal Envelope

For new construction and additions the building thermal envelope shall be in compliance with
the appropriate edition of ASHRAE Standard 90.1 as directed in paragraphs 1.2.1 and 1.2.2 of
this manual. Forrenovations the envelope shall be based on the actual field verified building
construction and not solely on information found in record drawings.

2.2.35 Exhaust and Outdoor Air For Ventilation (Calculation Requirements)

Use the following published data and parameters to estimate the highest required value for
exhaust CFM and for outdoor air ventilation CFM. Follow ASHRAE standards when Chapter 6 of
this manual does not address the space in question:

e Room data sheets in Chapter 6 of this manual.
e ASHRAE Standard 170-2013 or approved latest edition for medical spaces
e ASHRAE Standard 62.1-2016 or approved latest edition for non-medical spaces

The minimum required ventilation outdoor air flow at the air handling unit level shall be the
greater of the following two air flows:

(a) The minimum required outdoor air flow to meet VA and / or ASHRAE ventilation
requirements.

(b) Aflow equalto the sum of all the exhaust air flows in the spaces served by the air
handling unit in question plus additional excess flow to ensure the overall spaces are
positive with respect to the outside air environment.

To ensure these requirements are met the A/E shall complete Tables 2-1 and 2-2 for each air
handling unit (AHU) system in the project and shall submit them at the DD and CD submission
levels for VA review. To determine how much excess air is needed for item (b) above the A/E
shall take into consideration the building envelope and calculate how much excess airis needed
to maintain the space differential pressure between 0.02 inches WC and 0.03 inches WC [5.0to
7.5 Pascal].

Note that the baseline building pressure shall be the pressure maintained in the unrestricted
access general circulation spaces of the building between the building entrances / exits and the
clinical and / or functional areas. The pressure in these spaces, relative to the outside shall be
designed to be 0.01 to 0.02 inch WC [2.5 to 5.0 Pascal] higher than outside of the building. This
may require balancing multiple AHUs. See paragraph 6.4.2 Air Balance for further guidance.

2.2.3.5.1 VENTILATION CONTROLS FOR HIGH-OCCUPANCY AREAS

Demand control ventilation is required for spaces larger than 500 ft2 and with a design
occupancy for ventilation of 225 people per 1,000 ft2 of floor area and served by systems with
one or more of the following.

(a) Air economizer
(b) Automatic modulating control of outdoor air damper
(c) Design outdoor airflow greater than 3000 cfm

US. Department  pegiGN PARAMETERS & SELECTION CRITERIA 24
of Veterans Affairs




HVAC Design Manual November 1, 2023

Refer to ASHRAE 90.1-2019 or latest approved addition for exceptions.

2.2.4 COOLING AND HEATING LOAD CALCULATIONS

Using an ASHRAE-based, public domain (DOE) or commercially available software program
(Trane, Carrier, and/or other software meeting the modeling requirements needed for
compliance with the appropriate edition of ASHRAE Standard 90.1 as directed in paragraphs
1.2.1 and 1.2.2 of this manual), calculate the cooling and heating capacities using the
parameters described in the following paragraphs. Heating and cooling system design loads for
the purpose of sizing systems and equipment shall be determined in accordance with
ASHRAE/ACCA Standard 183. Coordinate with VA Authority for software approval.

2.2.4.1 Room Data Output

The calculated HVAC design parameters for each space shall be shown in an EXCEL type spread-
sheet. A sample copy of the spread sheet is shown in Table 2-2. Provide a spread sheet for
each air-handling unit for review and comment.

2.2.4.2 AHU Peak Cooling Load

AHU peak cooling load is the maximum load on the air-handling unit due to room sensible,
room latent, and total outdoor air for ventilation cooling loads. Note that the AHU peak-
cooling load is not the sum of the individual room peak cooling loads, which occurs at different
times, in different months, and due to differing orientations. If a chiller serves a single air-
handling unit, use the AHU peak load to select the chilled water system.

2.2.4.3 AHU Peak Supply Air Volume

AHU peak and minimum supply air volumes are calculated from the peak space sensible cooling
load and from the space peak sensible heating loads. Enterload calculation results and space
specific minimum air change per hour requirements into TABLE 2-2 spread sheet to calculate
maximum and minimum flows. Apply a 5% leakage allowance and 5% safety factor to the
maximum CFM and round off to the nearest 100 CFM. Use AHU peak supply air volume for
selecting the air-handling unit and main air distribution ductwork upstream of the air terminal
boxes. For individual branch ductwork to a VAV box and for ductwork downstream of the VAV
box, use the individual room peak supply air volumes. The return air duct shall be sized based
on peak AHU supply air volume minus local and general exhaust CFM. The return air branch
from the room shall be sized based on room peak supply air volume taking room air balance
and local exhaust CFM into consideration.

2.2.4.4 Psychrometric Analysis
Provide psychrometric analysis for each air-handling unit by using software programs.
The calculated and graphic display of the system performance shallinclude the following:

e Qutdoor and indoor design conditions
e Mixed air conditions
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e Coil leaving air conditions

e Heat gain due to supply and return air fans
e Heat gains and losses in duct systems.

e Supply air volume

e Cooling, heating, and humidification loads

2.2.45 Building Peak Cooling Load

Building peak cooling load is the maximum cooling load due the space sensible and latent loads
and the peak-cooling load due to the ventilation demand of the entire building, treated as one
room. Building peak cooling load is not the sum of the peak cooling loads of the individual
AHUs. Use building peak cooling load to select the cooling plant (chillers etc.). When multiple
buildings are involved treat all buildings combined as one room for the purposes of sizing the
cooling plant. Ensure process loads are included in chiller plant sizing.

2.2.4.6 Building Peak Heating Load

Building peak heating load is the maximum heating load due to space peak heating loads, peak-
heating load due to the ventilation demand of the entire building, and process loads. Use the
building peak heating load to select the heating plant (boilers etc.) When multiple buildings are
involved, use the sum of the maximum heating load of each of the buildings, including process
loads, for the purposes of sizing the heating plant.

2.2.5 ROOM TEMPERATURE CONTROLS

2.2.5.1 Definition

A space is defined as individually controlled only when a dedicated terminal unit (example: air
terminal unit, fan coil unit, heat pump, or any other heating and/or cooling device) is used, with
a dedicated room temperature sensor, to control the space temperature.

2.2.5.2 Individually Temperature Controlled Spaces or Rooms

Listed below are examples of individually controlled spaces with dedicated temperature
sensors. See Room Data Sheets, Chapter 6 for all individually controlled spaces.

e Animal Holding Areas
e Chapels

e Conference Room

e |CU Rooms

e |solation Rooms

e Kitchen

e Llaboratory

e MRI Scan Room

e QOperating Room

e Patient Bedroom
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e Perimeter Corner Space with two or more exposures.
e Pharmacy

e Pharmacy Compounding Rooms

e SPS Functional Areas.

e Waiting Rooms

2.2.5.3 Group Temperature Control
(a) Perimeter Spaces

A single air terminal unit can serve as many as four offices or patient examination rooms
located on the same exposure and with identical load characteristics. Do not combine spaces
located on different zones to form a common temperature controlled zone.

(b) Interior Spaces

A single terminal unit can serve as many as six interior office or patient examination rooms with
identical load characteristics.

2.2.54 Open Spaces

Open spaces with an exposed perimeter shall not be combined with interior spaces to form a
common temperature control zone. A perimeter zone is defined as an area enclosing an
exposed perimeter wall and 12 to 15 ft [4 to 5 m] width.

2.2.6 PERIMETER HEATING

2.2.6.1 Requirements

A building thermal envelope with enhanced energy efficiency can eliminate the need for
perimeter heating systems. Provide supplementary perimeter heating systems for:

(a) Patient Bedrooms: When the room heat loss exceeds 180 Btuh/lin ft [173 W/lin m] of
exposed wall.

(b)  All Other Occupied Spaces: When the room heat loss exceeds 210 Btuh/lin ft [202 W/lin
m] of exposed wall.

2.2.6.2 Heating System Description

(a) Hard to clean convective type heating units such as radiators and convectors shall not
be used in patient care spaces.

(b) All patient bedrooms and associated exposed bathrooms and all patient care spaces
that require supplementary heating shall use perimeter under floor radiant heaters; flat
and smooth radiant ceiling panels, or flat and smooth radiant wall panels with exposed
cleanable surfaces.

(c) During design development, provide coordinated details of the perimeter reflected
ceiling plan, showing coordination between linear diffusers and radiant ceiling panels.
Design shall optimize performance while maximizing aesthetics.
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(d) Forall other spaces such as non-patient bathrooms, exterior stairs, vestibules, and
unoccupied spaces, thermostatically-controlled heat can be delivered by unit heaters,
cabinet heaters, convectors or baseboard radiators.

1. Referto ASHRAE 90.1-2019 or latest approved addition for automatic control
requirements for vestibule heating systems.

(e) Perimeter heating system controls shall be integrated with the space cooling system
controls to achieve sequenced heating and cooling and eliminate the possibility of
simultaneous heating and cooling.

2.2.6.3 Heating Medium

For perimeters heating and reheat coils in VAV terminals or in other duct mounted applications,
the A/E shall consider the Total Life Cycle Cost (TLLC) for both heating water and steam as the
heating medium. The TLCC must carefully consider the energy and maintenance costs as well
as the first cost. Use two-way modulating control valves to control the hot water flow.
Minimum hot water flow for each heating circuit shall not be less than 0.5 gpm [0.03 L/s]. For
unoccupied miscellaneous spaces, steam or gas may be used. Use of electric resistance heaters
shall be approved by VA Authority identified in Chapter 1, paragraph 1.1 and may be permitted
where other heating mediums are not available. Submit request for variance as explained in
Chapter 1 of this manual.

2.3  SPECIAL STUDIES

The A/E shall perform the following special studies to ensure that the design intent is met. The
studies, complete with estimated construction costs and the designer's specific
recommendations, shall be submitted for review and approval.

2.3.1 ACOUSTIC ANALYSIS

23.1.1 Requirements

Perform an acoustic analysis to demonstrate that the specified room noise levels are achieved
in all octave bands for all air-handling units, heating and ventilating units, fans, chillers, boilers,
generators, and outdoor noise producing equipment, such as cooling towers and chillers. See
Room Data Sheets in Chapter 6 for the required Noise Criteria (NC) levels. If the necessary
room type is not listed in Chapter 6 consult the ASHRAE Handbook of Applications - latest
edition. The analysis shall consider both air duct borne noise and noise transmission through
walls, floors and roofs and shall be completed for all duct systems and all HYAC equipment.

2.3.1.2 Acoustic Mitigation Measures — HVAC Interior Systems
The acoustical analysis for interior HVAC systems shall include the following as a minimum:

(a) Analysis shall document the lowest equipment sound level necessary to achieve project
goals without additional system or building modifications.

(b) Analysis shall demonstrate that equipment is located far enough away from noise
sensitive areas to achieve project goals.
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(c)  Analysis shall determine the minimum attenuation performance of duct or equipment
mounted sound attenuators necessary to achieve project goals and meet required noise
levels or quieter. Dissipative or absorptive sound attenuators with or without films are
not allowed. Reactive or packless (no-media) sound attenuators may be used if
necessary. The system design shall be based on minimizing the need for installation of
sound attenuators. Air pressure drop through sound attenuators shall not exceed 0.35”
WG [87 Pa]

(d) For exhaust duct systems the analysis shall determine the maximum required lineal feet
of duct liner needed to achieve project goals and meet required noise levels or quieter.

(e) Forreturn duct systems the analysis shall consider both acoustic duct lining upstream of
the primary filters and also sound attenuators to determine the most cost effective
installation to meet project goals and meet required noise levels or quieter.

(f)  Analysis shall consider radiated or breakout noise in the low frequency range (humming
noise). Evaluate, quantify attenuation performance, and include such measures as the
use of thicker gage ducts and duct configurations shown in the ASHRAE Handbook of
Applications - latest edition, and in the SMACNA “HVAC System Sound and Vibration
Procedural Guide”, First Edition or approved latest edition.

(g) Analysis shall consider reduced duct velocities for the achievement of satisfactory
acoustical performance.

(h)  Transfer ducts provided with non-fibrous or film-lined fibrous materials are permitted
for speech privacy in information sensitive areas.

2.3.13 Acoustic Mitigation Measures — Cooling Towers and Other Exterior Equipment

Attenuation treatment of cooling towers and other exterior HVAC equipment depends upon
factors such as local ordinance and functions of the surrounding spaces. The acoustical analysis
shall evaluate the minimum measures below and the project shall include them as deemed
necessary.

(a) Analysis shall indicate the acceptable locations for cooling towers and other noise
producing HVAC equipment such as air cooled chillers and condensers to ensure project
goals are met.

(b) Analysis shall determine and document the highest acceptable allowed noise levels from
cooling towers, chillers and condensers for the selected locations to ensure project
goals are met or exceeded.

(c) Analysis shall determine and document the use and effectiveness of acoustic screening
(fencing or louvers) around cooling towers, chillers and condensers to contain the
radiated noise.

(d) Analysis shall determine if intake and/or discharge sound attenuators are needed on
cooling towers and outdoor air cooled condensers and chillers. Install sound
attenuators on the intake and/or discharge sides.

(e) Analysis shall determine maximum permissible sound power levels measured at 5 ft [2
m] and 55 ft [17 m] from the cooling tower or other air cooled equipment. Provide this
information in the equipment schedule.
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23.14 Unitary Equipment
Unitary Equipment — Space Mounted

When served by unitary equipment located within the conditioned space, the room noise levels
are higher than remotely located equipment. For such spaces, an increase of 5 NC (in the room
noise level) is permitted. The acoustical analysis shall as a minimum consider the following:

(a) Analysis shall determine and document the maximum allowed acoustical performance
that can still meet the project goals.

(b) Analysis shall determine and document the need for an acoustic enclosure over the
equipment to meet project goals.

(c) Analysis shall determine if return air acoustic lining if necessary to meet project goals.

2.3.2 DISPERSION ANALYSIS

23.2.1 Requirements

(a) Complete during the conceptual and schematic phase of the project and submit for
review by the VA Authority identified in Chapter 1, paragraph 1.1.

(b) Provide for all new buildings, for all buildings additions, and for any project of any type
that makes changes to building ventilation air intakes and/or building exhausts of any
type.

(c) Forall required projects the A/E shall perform an analysis using either Computational
Fluid Dynamics (CFD) modeling or via wind tunnel analysis. The CFD modeling must be
performed by qualified practitioner using an appropriate turbulence simulation
algorithm. The objective of both CFD modeling and wind tunnel is to ensure through
quantification that odors and hazardous exhaust do not enter into outdoor air intakes
and open windows of VA facilities and adjoining properties. See Chapter 24 Airflow
Around Buildings in ASHRAE Handbook of Fundamentals - latest edition. Any
contamination problems indicated by the simulation shall be corrected prior to
proceeding with any additional design development.

The analysis must assess all wind directions that might pose a risk, at different wind
speeds and at the range of anticipated exhaust velocities. Mitigation might require
changing the height of the release which would require additional iteration through
wind directions, speeds and release velocities.

(d) The dispersion analyses shall evaluate all exhaust air discharged from the surrounding
systems taking into consideration the ASHRAE Standard 62.1 “Ventilation for Acceptable
Indoor Air Quality” — 2016 or latest approved edition, exhaust air stream classes.
Examples of exhaust sources that shall be included in the simulation are for example:

e Emergency generator and other stationary combustion engines.
e Vehicular exhausts from designated parking or loitering areas

e Boiler flue stacks

e Incinerator stacks

e Exhaust from infectious waste sanitizers
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e Cooling tower exhausts
e General exhaust systems
e Special exhaust systems

(e) Airborne contamination is a serious safety and health issue. Itis critical to evaluate and
implement the recommendations of the analysis. All recommendations must be
implemented even if OSHA and ASHRAE requirements are exceeded.

24 BUILDING THERMAL ENVELOPE (EXISTING FACILITIES ONLY)

The A/E shall examine the existing building thermal envelope and evaluate the possibility of
making it energy-efficient. The recommended energy conservation measures shall be validated
by life-cycle cost analysis.

2.5 VIBRATION CONTROL

Selection of vibration isolators shall be done from the matrix given in VA Master Construction
Specification 23 05 41 (Noise and Vibration Control for HVAC Piping and Equipment) and the
equipment manufacturer’s recommendations. Include applicable standard details. Indicate all
vibration isolation types on the equipment schedules.

2.6  SEISMIC DESIGN REQUIREMENTS

2.6.1 REQUIREMENTS

Earthquake-resistive design for the HVAC equipment, ductwork, and piping shall comply with
VA Seismic Design Handbook H-18-8, Sheet Metal and Air Conditioning Contractors National
Association, Inc. Seismic Restraint Manual — Guidelines for Mechanical Systems (SMACNA SRM)
- 2008 or latest approved edition and VA Master Construction Specifications Section 13 05 41,
Seismic Restraint Requirements for Non-Structural Components.

For renovation projects, existing HVAC equipment, ductwork and piping that remain unaltered
by the scope of work for the project shall be evaluated for seismic compliance only if the
existing building is triggered for seismic evaluation per Section 2.3 of VA H18-8. If the seismic
evaluation deems that retrofit is needed to safely restrain existing and unaltered HVAC
equipment, ductwork, or piping, then new bracing and restraints shall be designed for these
non-structural components and equipment to meet the non-structural performance objectives
per H-18-8 Sections 2.5-2.6.

New or relocated, permanent non-structural components and their attachments as well as

structure-supported attachments of permanent equipment in structures shall be designed to
meet the requirements in H-18-8 Section 4.0.

2.6.2 EXCEPTIONS

There are conditions in H-18-8, its referenced standards and SMACNA SRM under which seismic
bracing and restraint may be omitted and the most restrictive exemption criteria shall be used
for instances of conflicting requirements.
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2.6.3 CONFORMANCE WITH SMACNA SEISMIC RESTRAINT MANUAL

The SMACNA SRM does not cover all conditions, such as providing bracing details for seismic
restraints of equipment, details of flexible joints when crossing seismic or expansion joints, or
bracing of in-line equipment, etc. Also, in locations of high seismicity, the SMACNA SRM details
should be used with care in conjunction with the requirements of H-18-8 and its referenced
standards.

2.6.4 CALCULATIONS

Provide detailed structural calculations for conceptual or special restraint designs including but
not limited to hangers, supports, anchor bolts, welds, and connections for the VA’s review.
Calculations of conceptual or special designs shall be prepared by a registered professional
structural engineer experienced in the area of non-structural seismic force restraints.
Conceptual or special restraint calculations shall indicate all applicable SMACNA SRM tables
when used and indicate sizes, material properties, spacing, and length of elements supporting
equipment, piping, and ductwork to structural members. Conceptual restraint designs shall
consider and be coordinated with the structural substrate in which the restraints are attached.

Special restraint designs are unique to the project for which final design will not be delegated to
others. Conceptual designs are designs for typical conditions for which final design can be
delegated to others in accordance with the VA Master Construction Specification 13 05 41
Seismic Restraint Requirements for Non-Structural Components.

2.6.5 DRAWINGS

2.6.5.1 Requirement

Where the SMACNA SRM details are incomplete or not applicable, provide necessary seismic
restraint details. Coordinate with mechanical, architectural, and structural work as well as with
existing conditions where applicable on renovation projects.

2.6.5.2 Ductwork and Piping Plans and Sections

Show locations of required restraints with reference to the SMACNA SRM or conceptual and
special restraint details provided in the drawings set, whichever are applicable.

2.6.5.3 Equipment Restraints

Show locations of required restraints with reference to the SMACNA SRM or conceptual and
special restraint details provided in the design drawing set, whichever are applicable. Provide
special attention to the seismic provision for the suspended equipment.

2.7  FIRE AND SMOKE PROTECTION

2.7.1 COMPLIANCE

HVAC design and equipment shall be in compliance with VA Fire Protection Design Manual -
2015 or approved latest edition, and approved current edition of NFPA 72, NFPA 88A, NFPA

US. Department  pegiGN PARAMETERS & SELECTION CRITERIA 212
of Veterans Affairs




HVAC Design Manual November 1, 2023

90A, NFPA 96, NFPA 99, NFPA 101, IMC, and other applicable codes with devices, such as, fire
dampers, smoke dampers, and duct-mounted smoke detectors shown on the drawings where
applicable. Figure 2-1 at the end of this chapter shows smoke damper and smoke detector
configurations which meet both the requirements of NFPA 90A and IMC.

2.7.2 EQUIPMENT AND CRITERIA

2.7.2.1 Smoke Dampers and Detectors

(a) Installation of smoke dampers and detectors shall be done in compliance with the
manufacturer’s published recommendations for access, duct clearance distances and
elbow locations.

(b) Provide electrical actuators.

(c) Smoke dampers and detectors shall be hard-wired.

(d)  When smoke dampers are required in the main supply and return ducts to isolate the air
handling unit, provide duct-over pressure protection either with smoke damper end
switches or with duct pressure shut off switches or both hardwired to all applicable fans
to protect ductwork when smoke dampers close.

(e) Provide local audible and visible alarms and a remote alarm at the Engineering Control
Center (ECC). The alarm shall operate both for smoke detector activation and for smoke
damper closure.

(f)  Show adequate access to the dampers and detectors on plans including duct access
panels and access to the same.

(g) Coordinate with fire alarm system engineer to ensure room smoke detectors are not
located next to supply diffusers.

2.7.2.2 Fire Dampers

(a) Show all fire dampers on floor plans.

(b) Show adequate access to the dampers on plans, including duct access panels and access
to the same.

(c) Evaluate available fan pressures and provide duct-over pressure and duct-under
pressure shut off switches hardwired to all applicable fans to protect ductwork when
pressures warrant the protection.

2.7.2.3 Stair Pressurization

Stair pressurization is not used in VA facilities.

2.7.24 Engineered Smoke Control System

Engineered smoke control systems are not used in VA facilities. See exception for atriums
below.

2.7.2.5 Atrium Smoke Control System

See Chapter 6 or the Atrium smoke control system.
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2.8 DESIGN CONSIDERATIONS FOR EXISTING BUILDINGS
2.8.1 SITE SURVEY

2.8.1.1 Site Visits

Coordinate site visits with VA Authority identified in Chapter 1, paragraph 1.1 to become
familiar with entry, exit, security requirements, parking, and storage requirements. Perform an
extensive site survey, record crucial measurements, and interview the maintenance and
operating personnel to document actual field conditions, access requirements, and
maintenance history of the existing equipment.

Do NOT rely solely on as-built drawings. Take photographs and actual measurements where
tight conditions prevail and provide cross-sections of such locations.

2.8.1.2 Field Survey Report

Include the detailed site survey report complete with pictures and findings of the existing
conditions in the project submission and describe chronic problems and shortcomings that may
impact the project scope of work. Where applicable, indicate in the report a description of any
requirements of this manual that cannot be met in the design due to preexisting conditions.
These conditions may be technical, or scope or budget related. The narrative shall not only
state the issue, but shall discuss possible solutions and ramifications if the issue cannot be
addressed and shall be a part of the formal process to request a written waiver as required in
Chapter 1, paragraph 1.1.

2.8.13 Pre Design TAB Report

In any renovation project with a scope requirement to reuse existing HVAC systems and/or
equipment components the HVAC engineer of record shall retain the services of and AABC,
TABB, or NEBB certified TAB company to performance test the systems and/or equipment to be
reused to establish a baseline and confirm design parameters. To be significant the testing shall
be accomplished under simulated full load conditions and shall include as applicable the
following:

(a) Full air flow CFM and system static pressure profile on ducts and fans (including air
handling units) to be reused. On variable air systems this test shall include indexing all
VAV terminals to full cooling.

(b) Estimate of duct leakage based on comparison of flow measured at air devices versus
flow measured by duct traverses at the fan or air handling unit.

(c) Total chilled water and heating water flow with all control valves indexed to full heating
and or full cooling as applicable. Provide flow measurementand system pressure profile
at the pumps, chillers, hot water boilers, etc. Measurement must be taken with
calibrated devices and instruments either provided by the vendor or through
confirmation of the accuracy of the VHA installed system instrumentation.

(d) Condenser water flow measurement and pressure profiles at pumps, chillers and cooling
towers. Measurement must be taken with calibrated devices and instruments either
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provided by the vendor or through confirmation of the accuracy of the VHA installed
system instrumentation.

(e) Afull report of findings and their impact on the scope shall be developed and submitted
to the Contracting Officer Representative (COR) for review and documentation of the
work. If the investigation work indicates that the work in the scope cannot be executed
the A/E shall provide options as to the solution of the issues for the COR review.

2.8.14 Additional Work

Should the site survey or pre-design TAB findings lead to changes in the scope of work, notify
the VA Authority identified in Chapter 1, paragraph 1.1, in writing, as soon as possible. Any
additional work resulting from the site survey must be authorized in advance before it is
included in the project scope.

2.8.2 MODIFICATIONS — EXISTING SYSTEMS

Work on the existing systems shall include the following measures:

2.8.2.1 Steam Radiators

Radiators and fin-tube convectors shall not be used in patient care areas. Existing steam
radiators in non-patient care areas shall be retrofitted with modulating controls using a single
space temperature sensor for heating and cooling to ensure that heating and cooling operate in
sequence and never simultaneously.

2.8.2.2 Dual Duct Air Distribution Systems

New dual duct (cold deck or hot deck) air distribution systems are prohibited in new
construction, in building additions, and in HVAC replacement projects. When renovating spaces
served by dual duct air distribution systems either the entire system shall be replaced with a
new terminal reheat variable air volume (VAV) system or the system components in the area of
the work shall be replaced by installing new VAV terminals in the renovated areas. The VAV
terminals shall be served with either steam or heating water for reheat.

2.8.2.3 DDC Controls

All new control devices shall be equipped with electric actuators. For renovation of an existing
facility, where an updated control system is being installed, replace pneumatic with electric
actuators.

2.8.2.4 Existing Ductwork

Where connections are made between new and existing ductwork, the existing ductwork shall
be pressure tested and resealed as necessary, thoroughly cleaned, and sanitized by wiping
down the interior with rubbing alcohol to avoid the possibility of contamination.

2.9 PROJECT PLANNING

The HVAC system design and development shall consider the factors listed below:
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2.9.1 PHASING

Coordinate the phasing requirements with facility personnel. Phasing will have significant
impact on the need for swing space, schedule, and the system design. Testing, Adjusting, and
Balancing and Commissioning costs are dependent on phasing. Duplication of efforts shall be
minimized. A complete detailed phasing plan shall be developed and included in the contract
documents to ensure the work is executed per the plan agreed on by the VA. The plan shall
include all phases of construction and testing, adjusting, balancing and commissioning. The
design for required temporary cooling, heating, and ventilation shall be included with the
contract documents.

2.9.2 UTILITY CONNECTIONS AND OUTAGES

In renovation projects thoroughly investigate and coordinate utility routing, available capacity,
and intended outages with facility personnel. The A/E shall ensure the utility support of all
systems is investigated back to the logical source to ensure that the installed systems are not
impacted nor do they impact the existing systems and equipment during operation

2.10 DEMOLITION WORK

Demolition work shall be clearly documented with points of disconnections and connections
clearly shown. The demolition drawings shall show the locations of new shutoff valves, end
caps, and blind flanges. All demolished systems shall be fully removed and taken back to the
closest branch or main.

2.11 LOCATIONS OF OUTDOOR AIR INTAKES AND EXHAUST AIR OUTLETS

2.11.1 COMPLIANCE - PHYSICAL SECURITY

Air intakes and exhausts shall be designed in accordance with the appropriate Physical Security
Design Manual for VA Facilities — Life Safety Protected or Mission Critical.

2.11.2 COMPLIANCE — AIRBORNE CONTAMINATION CONTROL

(a) Outdoor air intake and exhaust air outlets shall be located in strict accordance with
ASHRAE Standard 170 -2013 or approved latest edition to avoid health hazards,
nuisance odors, reduction in capacity of HYAC equipment, and corrosion of equipment
caused by re-entry of exhaust air from laboratories, transportation systems, electrical
generators, vehicles at loading docks, cooling towers, and air-cooled condensers.

(b) Air intake for AHUs shall be located 25 feet (minimum) from the cooling towers and all
exhaust and vent discharges. Exception: Airside economizer relief air stream outlet may
be located 10 feet (minimum) from AHU air intakes so long as they are oriented in a way
that does not inhibit the economizer operation.

(c) Forground mounted AHUs, bottom of the air intake shall be minimum 6 feet above
grade.

(d) Forroof mounted AHUs, bottom of the air intake shall be minimum 3 feet above the
roof.
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(e) Inareas subject to snow fall orient and located air intakes to minimize the accumulation
of snow drifts against the air intake louver.

(f)  Select air intake louvers with due consideration to protection from wind borne water
intrusion and excessive air pressure drops.

(g) Provide all ventilation air intakes with bird screen (minimum 0.5 inch mesh).

(h) Follow the requirements of paragraph 2.3.2. on all applicable projects.

(i)  Verification: In all new buildings, building additions and in projects in which changes are
made to exhaust and intake systems the construction contract shall require post
construction air quality testing to ensure changes have not created any air
contamination problems.

2.11.3 COMMON OUTDOOR AIR INTAKE

Common outdoor air intake can be used in conjunction with multiple air handling units,
provided the outdoor air intake plenum is partitioned with a dedicated intake for each air
handling unit.

2.11.4 BID PACKAGE COORDINATION

Ensure that the bid documents are coordinated within the mechanical discipline and across
architectural and all other engineering (electrical, plumbing, fire protection and structural)
disciplines to avoid delays and costly change orders or claims.
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HVAC DESIGN MANUAL
CHAPTER 2
TABLE 2

System Air Balance Schedule
Spaces Served: Emergency Department
Unit Mumber Exhaust CFM Ventilation CFM
EF-1 o0 |
EF-2 e 000 |00 e
EF-3 200 | e
EF-4 g | s
eI — 1400
Totals 500 1400
Positive CFM | e 600
Theoretical
Pressure -(IN. | o 0.08"wc
W.C.)

AIR BALANCE SCHEDULE
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3.1 INTRODUCTION

This chapter provides guidance for the design of the airside of HVAC systems and associated
equipment. Information given below shall be used in conjunction with the VA Standard Details,
Master Specifications, and associated documents, described in Chapter 1 and located in the TIL.

The following HVAC systems are evaluated:

e Central air handling units (all-air systems)

e Rooftop Air Handling Units (see 3.2.1.4 for limitations)
e Terminal cooling and heating systems

e Dedicated Outdoor Air Systems (100% outdoor air)

e Heating and ventilation units

e Energy recovery systems

e Exhaust systems

e Miscellaneous systems and components

Criteria for duct sizing and design are provided in section 3.7 below.
3.2  ALL-AIR SYSTEMS
3.2.1 SPECIAL REQUIREMENTS

3.2.1.1 System Selection

All-air systems shall be used for all new facilities and major renovations of existing facilities
where above ceiling clearance is available to accommodate HVAC air distribution systems. All-
air systems designs shall provide for the admittance of minimum required outdoor air in all
operating conditions. The use of constant volume (CV) systems shall be carefully considered
and only utilized if proven more cost effective through a Life Cycle Cost Analysis (LCCA), or if
required due to the area served.

Air handling unit system selection shall be based on a LCCA comparing a minimum of three
different air side system configurations. Systems requiring lower dew point temperatures, such
as surgery, may involve more than three systems for comparison. Further consideration will be
given to whether the project is in an extreme weather climate (high humidity, cold weather,
etc.).

For a conventional VAV system with a pre-heat coil, steam humidifier, and chilled water coil
include an analysis of water side versus air side economizer. Analysis shall include impact of
additional humidification energy required when using air side economizer in low humidity
areas.

Analyze the effectiveness of a DOAS ducted to the outdoor air intake of multiple air handling
units.

Separate analysis will be required for the Surgery Suite, any 100% outside air systems, and any
system that requires a supply air dew point below 52 F [11 C].
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3.2.1.2 Maximum Capacity

The capacity of a single air-handling unit shall not exceed 50,000 cfm [23,600 L/s]. If a single air
handling unit that exceeds 50,000 CFM [23,600 L/s] is found to have the lowest life cycle cost,
obtain the approval of the VA Authority identified in Chapter 1, paragraph 1.1 before use.

3.2.13 AHU Configuration

(a) Air handling units shall be AHRI certified (either independently or in-house, dependent
on fan system selection), factory-fabricated, and the standard product of one
manufacturer. All air-handling units shall be constructed in modular, vertical or
horizontal, and draw-through configuration. Use of blow-through air-handling units is
not permitted, as fully saturated air leaving the cooling coil causes damage to the
downstream filters and sound attenuators. See Figure 3-1 for a typical air handling unit
configuration.

(b)  Each air-handling unit shall be installed as a standalone entity without any physical
interface with another air-handling unit. Selection of stacked (one on the top of
another) air handling units is not permitted. Use of a common return air fan for two or
more air-handling units is also not permitted.

3.2.14 Rooftop Air-Handling Units
Rooftop air-handling units are NOT permitted in the following applications:

e Serving clinical areas where patient care is taking place and any associated support
areas such as SPS, Pharmacy, Lab and other such areas.

e High humidity locations shown in Chapter 7.

e Hurricane-Prone Regions as defined in the Physical Security and Resiliency Design
Manual.

e locations where weather is extreme, including where the ASHRAE 99% heating design
temperature is less than 10 F [-12 C].

Where permitted, rooftop air-handling unit installation must include an internal walk-in
corridor to allow access for repairing system components, direct access from the main building

without the use of ladders, and must address and resolve coordination issues, including but not
limited to:

e Structural integrity of the roof to bear the load

e Access for repairs, removal, and replacement of equipment

e Screening needs to meet local ordinances

e Walking pads to reach equipment

e Minimize exposed piping on the roof and install underneath the unit wherever possible.
e Vibration and Noise generated from the equipment
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3.2.1.5 Air Distribution

All supply, return, exhaust, relief, and outdoor air duct systems shall be fully ducted between
the fan intake and discharge and air outlets and inlets. Use of the space between the
structural ceiling and suspended ceiling is NOT permitted as an air plenum for air distribution
and/or collection.

3.2.1.6 Glycol

Use of an ethylene glycol solution is NOT permitted as an anti-freeze agent due to its toxicity
level. Use propylene glycol for its lower toxicity compared to ethylene glycol. See Chapter 4
and Appendix 4-A for further technical details.

3.2.2 ALL-AIR SYSTEM COMPONENTS

3.2.2.1 Supply Air Fan(s)

(a) Plenum Fans versus Housed Centrifugal Fans: Use of a single or multiple plenum fans
(fan array) is permitted over housed, air-foil centrifugal fans if proven as a superior
choice based on the overallimpact of the following parameters:

e BHP Absorbed

e Sound Power Ratings

e Overall Space Requirements
e Cost

The designer shall provide multiple fan selections comparing the plenum fans, housed
centrifugal fans and fan array in a project specific configuration that addresses such issues as
the status of the after-filters and required discharge air configuration. Note that the use of the
plenum fans is approved within the fan casing only.

All plenum fans shall be direct drive. Belt driven plenum fans are prohibited.

(b)  Plenum Fans - Certification and Testing Requirements (AMCA and AHRI)

e AMCA: Each plenum fan shall be individually AMCA 210 certified for air performance
and AMCA 300 certified for sound power. It is recognized that multiple fansin an
array are not yet AMCA certified.

e AHRI: Air handling units equipped with a single plenum fan shall be AHRI 430
certified for airflow capacity and AHRI 260 certified for sound data. Air handling
units equipped with multiple fans in an array shall be rated and factory tested in
accordance with AHRI 430 for airflow capacity and AHRI 260 for sound data

(c) Fan Motor Selection: The fan motors shall be premium efficiency type per Federal

Energy Management Program (FEMP) and VA Master Specifications. The fan motors

shall be selected within the rated nameplate efficiency, without relying on the service

factor. When used with VSDs (Variable Speed Drives), the fan motors shall be

compatible with the motor controller duty. Where a VSD is utilized for balancing on a

constant volume fan provide a motor shaft ground ring.
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3.2.2.2 Return Air Fan(s)

Where room air can be returned back to the system, provide a dedicated return or relief air fan
for each air-handling unit to facilitate room-by-room air balance, economizer cycle, and
intended volumetric air balance. Provide a direct digital control (DDC) interlock between the

supply and return or relief air fans.

3.2.23 Exhaust Fan(s)

Provide general and special exhaust fan systems (as required) electronically interlocked with
the AHU supply air fan. A single AHU may require interlocks with multiple exhaustfan systems,
such as general exhaust, fume hood exhaust, and “wet exhaust”.

3.2.24 Motor Voltages
Motor Voltages shall conform to NEMA/ANSI standards as follows:

Table 3-1: MOTOR VOLTAGE SIZING CRITERIA

System Voltage DRI Utilization Voltage (Motors)
. (Transformers) With 4%
(Transformers) Nominal Drop Standard (For Schedule)
120 115.2 115
208 199.7 200
240 230.4 230
480 460.8 460
600 576.0 575
2400 -- 2300
4160 -- 4000

3.2.25 AHU Casing

The AHU casing shall be solid double-wall without perforations. Casing materials shall be
selected based on the project type, unit location, and area served. Provide foam injected
thermal insulation between the inner and outer casings. Use of exposed interior insulation is

not permitted.

The combination of the casing wall thickness and the insulation characteristics (insulation type,
thickness, and density) shall:

e Provide stiffness to resist dents.
e Limit panel deflection to no more than L/240 (where Lis the panel length) when tested
at the AHUs total static pressure.
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e Limit vibration within the prescribed values — Refer to specification Section 23 05 41
“Noise and Vibration Control” for HVAC Piping and Equipment for vibration limitations.

e Limit inlet, discharge, and casing-radiated noise, refer to Chapter 2 for acoustical
analysis requirements and Chapter 6 maximum room NC values.

e Prevent condensation on the exterior surface of the air handling unit or its viewing
windows when located in non-conditioned spaces, such as mechanical rooms,
basements, and attic spaces.

e Minimum unit insulation values shall be as defined in ASHRAE 90.1-2019 or approved
latest edition.

e For AHUs in high humidity locations the interior and exterior casings shall be treated
with a corrosion resistant coating. All interior components exposed to the air stream
such as fan scroll, filter racks, etc. shall also be protected. Refer to Specification 23 73
00 “Indoor Central-Station Air-Handling Units” and 23 74 13 “Packaged, Outdoor,
Central-Station Air-Handling Units” for additional requirements.

3.2.2.6 Access Sections and Mixing Box

Include access sections generally as shown in Figure 3-1. Show door swings on the floor plans.
Include a factory-fabricated mixing box to mix the return and outdoor airstreams.

3.2.2.7 Blender Section

Provide a blender section, where recommended by the equipment manufacturer, to mix return
and outside air and prevent stratification. If a blender section is recommended, the project
impacts (cost, space, etc.) shall be reviewed with the VA.

3.2.2.8 Drain Pan

Provide an insulated, stainless steel, double-wall, and double sloping drain pan for removing
cooling coil condensate from the pan as soon as it forms. Where two coils are stacked, include
an intermediate drain pan for draining condensate from the upper coil into the main drain pan.
Raise all floor-mounted air-handling units above the finished floor level to obtain adequate
static head for the installation of cooling coil condensate traps. Units can be raised with
housekeeping pads or support steel. Height requirements shall be coordinated during design
and shown on the drawings. Drain pans shall comply with the requirements of ANSI/ASHRAE
Standard 62.1-2016 or approved latest edition.

3.2.2.9 Cooling Coils

Chilled water cooling coil support frame shall be stainless steel. Select cooling coils to limit the
face velocity to 450 fpm [2.3 m/s] or below. Evaluate the possibility of lowering the cooling coil
face velocity if life-cycle cost-effective.

3.2.2.10 Preheat Coils

Provide preheat coils for all AHUs where the winter design temperature (ASHRAE Annual
Extreme Daily Mean Dry-Bulb Temperatures — Minimum Column) is 32 F [0 C] or below. Select
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steam, hot water, glycol hot water, or electric preheat coils, generally with the same face
velocity as the cooling coils to avoid installation of blank off plates.

(a) Steam Coils: Select steam coils with integral face and bypass dampers and two-position
on/off control valves. As an option, for non-100% outdoor air units, consider the use of
a distributing type steam coil with a modulating control valve. Ensure that steam
condensate is removed from the coil as soon as it is formed by selecting the correct
steam trap size and type, adequate static leg for the gravity drain, and the
recommended slope for the gravity return.

(b) Hot Water Coils — With Glycol: Select hot water or glycol preheat coils where the
preheat coil surface comes in contact with 32 F [0 C], as defined above, or lower air
temperature. Use propylene glycol solution with corrosion inhibitors specifically
manufactured for HVAC applications. See Chapter 4 for glycol properties and design
criteria.

(c) Hot Water Coils — Without Glycol: Glycol can be omitted where the heating design
temperature is above 32 F [0 C]. The following freeze protection measures are
recommended:

Provide a dedicated circulating pump in the coil circuit with hydronic separation
between the coil circuit and the incoming hot water piping to maintain a constant water
velocity of 3.0 fps [0.9 m/s] through the coil tubes. See VA Standard Detail — Preheat
Coil (Hot Water) — Piping Connections

Select coils with wider fin spacing to reduce pressure drop.
Provide coil connections to ensure that the coldest air faces the hottest fluid.

(d) Electric Coils: Electric preheat coils may be used where steam and/or heating hot water
are not available. Select low-watt density electric coils complete with UL safety devices
and Silicon Controlled Rectifier (SCR) controls for modulating operation. Refer to
Chapter 4 Section 4.4 Heating Systems for additional information regarding the use of
electric heat.

3.2.2.11 Unit-Mounted Reheat Coils

Air-handling unit mounted reheat coils are used for single-zone application and elsewhere
where required. Hot water or steam coils with modulating control valves are the preferred
choice. Electric reheat coil may be used where hot water or steam is not available. Refer to
Chapter 4 Section 4.4 Heating Systems for additional information regarding the use of electric
heat.

3.2.2.12 Corrosion Protection - Coils

Surgical Suite Air-Handling Units: For ALL locations, air-handling unit-mounted coils shall be
equipped with copper fins. Copper fins possess anti-microbial properties and for high-humidity
locations offer corrosion protection. Select coil face velocities to compensate for the use of
copper fins in lieu of aluminum fins.

U.S. Department AIRSIDE HVAC SYSTEMS & EQUIPMENT 3-8
of Veterans Affairs



http://www.cfm.va.gov/til/sDetail/Div23HVACSteam/SD238216-02.pdf
http://www.cfm.va.gov/til/sDetail/Div23HVACSteam/SD238216-02.pdf

HVAC Design Manual March 1, 2024

High Humidity Locations - All Air-Handling Units (Except Surgical Suite): All unit-mounted coils
shall be equipped with multi-stage, electro-deposit coating (E-Coating) of 1-mil thick epoxy
lining. Select coil face velocities and fin spacing per manufacturer's recommendations for
coated coils. Copper coils do not require any additional corrosion protection coatings.

3.2.2.13 Filtration

Each air handling unit shall be provided with two pre-filter sections. Pre-filters shall be located
upstream of the coil sections. Filter face velocity shall not exceed 500 fpm [3 m/s]. After-filters
and final-filters (terminal filter) shall be provided as shown in Chapter 6 and Room Data Sheets.
Provide side-access filters for final filter applications.

(a) Filter Pressure Drops: Estimate the fan static pressure by using the manufacturer’s
published static pressure drop at the recommended replacement condition, and not at
the clean condition.

The filter schedule provided on the contract drawings shall show the static pressure
drop through the filters at both conditions - clean and recommend replacement.

(b) Filter Efficiency: Filter efficiencies shall comply with ASHRAE Standard 52.2 — Method of
Testing General Ventilation Air-Cleaning Devices for Removal Efficiency by Particle Size —
2012 or approved latest edition. All filter efficiencies are expressed as Minimum
Efficiency Reporting Value (MERV) numbers.

Table 3-2 FILTER SCHEDULE

Designation Location MERV Thickness
Pre-Filter (PF-1) Upstream of All Coils and Supply Air 7 2-inch Thick
Fan Throwaway
Pre-Filter (PF-2) Downstream of PF-1 11 6-inch Thick Rigid
Cartridge
Alternate Downstream of PF-1 13 6-inch Thick Rigid
Pre-Filter (PF-2) Cartridge
After-Filter (AF) Downstream of Cooling Coil and 14 12-inch Thick Rigid
Supply Air Fan Cartridge
After-Filter (AF) Downstream of Cooling Coil and 16A 12-inch Thick Rigid
Supply Air Fan Cartridge
Final-Filter Downstream of Air Terminal Unit 17 99.97% @ 0.3
Microns (HEPA)

Notes:
1) PF-1and PF-2shall be located back-to—back.
2) All AHU mounted filters shall be nominal 24 in x 24 in [650 mm x 650 mm] size.
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3)

4)

(c)

(d)

(e)

Designer shall coordinate filter sizes and types with the facility. If the site has no
preference use size and type listed above.

See Chapter 6 and Air Handling Unit Data Sheets for specific filtration requirements.

Manual Pressure Gauges: Provide a single differential pressure gauge with air sampling
tubing and three isolation ball valves to measure static pressure across PF-1 and PF-2
and the total static pressure drop across both pre-filter sections. Provide a single
differential pressure gauge at each after-filter and final-filter.

DDC Pressure Differential Switch: Provide a dedicated DDC pressure differential switch
for each filter section. The DDC switch shall interface with the building ECC system to
provide a remote maintenance alarm, when the measured pressure drop exceeds the
switch alarm setting or senses a missing filter.

Provide for testing of the HEPA filter after installation. Allowances shall be made for the
ability to provide aerosol photometry tests (commonly known as DOP/PAO testing) of
the HEPA filters in situ. This test utilizes an aerosol photometer as the measuring
device and an aerosol generator to produce an aerosol challenge to the filter. The
aerosol challenge must be homogeneously mixed before entering the filter. Provide
sufficient upstream straight run of duct or a dispersion plate at the HEPA housing. All
HEPA filters shall be tested in situ, testing of HEPA filters shall be included in project
specifications.

3.2.2.14 Humidifiers — Steam

Provide a steam humidifier to maintain the relative humidity at set point. The humidifier shall
be jacketed type designed to attain full dispersion of steam in the airstream.

(a)

(b)

(c)

(d)

Location: Inthe AHU the preferred location of the humidifier is between the pre-heat
and cooling coils. Duct-mounted steam humidifiers are permitted, where space
conditions are limited and after-filters are not required on the downstream side of the
cooling coil and supply air fan. Provide drainable stainless steel duct sections 36 in [91
cm] in length on the upstream sides of duct-mounted humidifiers and 36 in [91 cm] in
length downstream sides of duct-mounted humidifiers.

Humidifier Controls: Provide a modulating steam control valve to control and maintain
humidity. Locate the relative humidity sensor in the main return or exhaust air duct to
control set point. Provide a high-limit humidity sensor in the supply air duct to disable
humidification if the discharge humidity exceeds 80% (adjustable). Ensure full
integration of the humidifier controls with the ECC, including remote alarm capability.
See Chapter 5 for additional discussion of humidifier control requirements.

Boiler Plant Steam: Steam from the central boiler plant may be used only if it is
documented that the water treatment chemicals are FDA and OSHA approved. See 21
CFR 173.310 — Boiler Water Additives for a list of approved chemicals.

Dedicated Unfired Steam Generator: Where direct use of central plant steam is not
feasible, an unfired steam-to-steam generator shall be used to produce “clean steam” at
15 psig [103 kPa]. Incoming water shall be de-ionized or reverse-osmosis treated as
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recommended by the generator manufacturer. Determine water quality based on the
site sample and lower the incoming dissolved solids to 80 ppm (parts per million).

(e) Common Unfired Steam Generator: Where direct use of central plan steam is not
feasible, an unfired steam-to-steam generator shall be used to produce “clean steam”.
This “clean steam” shall be distributed to multiple humidifiers. The entire clean steam
supply and condensate distribution piping systems, including pipe fittings such as steam
traps and valves, shall be of stainless steel material. Makeup water shall be de-ionized
or reverse-osmosis treated as recommend by the generator manufacturer. Determine
water quality based on the site samples and lower the incoming dissolved solids to 80
ppm (parts per million).

3.2.3 ALL-AIR SYSTEM - TYPES

3.2.3.1 Variable Air Volume (VAV) Systems

VAV systems shall be used unless determined infeasible. The system shall be designed to vary
the supply air volume in response to the prevailing space load while still maintaining the
minimum outdoor air for ventilation at the air-handling unit level, under all operating
conditions. In addition to the requirements defined above each VAV system is generally
equipped with:

e Variable speed drives for supply and return or relief fans
e Airflow measuring devices

e Static pressure sensors

e Pressure-independent air terminal units

(a) Automatic Control Sequence: Supply air fan speed shall be controlled by polling all air
terminal units and by monitoring the duct static pressure. The duct static pressure
setpoint shall be reset based on the position of the air terminal units control dampers.
Refer to ASHRAE 90.1-2019 or approved latest edition for additional discussion of static
pressure reset control. Airflow measuring devices shall facilitate a tracking sequence in
which a constant differential between the supply and return or relief air volumes shall
be maintained. Limit the tracking and speed reduction sequences to avoid return or
relief air fan stalling.

(b) Airside Economizer Cycle: Incorporate economizer cycle as mandated by ASHRAE
Standard 90.1 — 2019 or approved latest edition, and where found cost-effective by life-
cycle cost analysis. The engineer shall discuss economizer control type with the VA
facility and determine the best control strategy. If the facility has no preference a dry
bulb type shall be utilized.

(c) Single Zone Variable-Air Volume: Air handling and fan coil units with chilled water
cooling coils or DX cooling (minimum capacity of 110 MBH at AHRI conditions for the DX
equipment) and supply fans with motors greater than or equal to 5 hp shall have their
supply fans controlled by two-speed motors or variable-speed drives. At cooling
demands less than or equal to 50%, the supply fan controls shall be able to reduce the
airflow to no greater than the larger of one half of the full fan speed (two-thirds for DX
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equipment), or the volume of outdoor air required to meet the ventilation requirements
of ASHRAE 62.1-2016 or approved latest edition.

3.2.3.2 Constant Volume (CV) Systems

Constant volume systems, similar to variable air volume, shall be provided where the supply air
volume is expected to remain constant or substantially constant.

Constant volume systems shall be subdivided into single zone low pressure constant volume
and medium pressure constant volume systems. Low pressure constant volume systems shall
consist of an air handling unit and low pressure ductwork.

Medium pressure constant volume system, similar to variable air volume, shall consist of an air
handling unit, medium pressure supply ductwork, variable speed drives for supply and return or
relief fan, airflow measuring devices, static pressure, and pressure independent constant
volume air terminal units.

If the unit serves two or more zones with differing load profiles the system shall be a medium
pressure constant volume system.

3.2.33 Air Terminal Units
All terminal units shall be pressure-independent type and equipped with DDC controls.

All air terminal units (constant volume or variable air volume) serving perimeter or interior
spaces shall be equipped with integral reheat coils.

(a) Capacity

e Capacity of a single air terminal unit shall not exceed 3,000 cfm (1,420 L/s), unless it
is a dedicated box serving a single area which requires a greater flow rate (example a
surgery suite).

e Minimum hot water flow shall not be lower than 0.5 gpm [0.03 L/s].

(b) Terminal Unit Settings: The maximum and minimum air volume settings shall be factory
set, but field adjustable. The minimum setting shall satisfy the following:
e Provide make-up air for exhaust.

e Meet minimum ventilation air needs.

e Limit the supply air temperature to 95 F [35 C] in heating mode.

(c) Fan-Powered Air Terminal Units: For non-patient areas, evaluate the use of fan-
powered boxes. Provide a 1in [25 mm] thick throwaway filter in the return air intake
opening. Use of series fan-powered boxes offers the following advantages:

e Facilitates space heating during unoccupied hours without activating the air-
handling unit.

(d) Acoustic Treatment: Provide terminal unit sound attenuators per acoustic analysis.

3.3 TERMINAL COOLING AND HEATING SYSTEMS

In this section, fan coil units are described with a DOAS for ventilation air.
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3.3.1 SPECIAL REQUIREMENTS

3.3.1.1 DX Terminal Units

Through-the-wall air-conditioners, window air-conditioners, packaged terminal air-conditioners
(PTAC), or terminal heat pumps are NOT permitted for all occupied spaces, unless approved by
the VA Authority identified in Chapter 1 paragraph 1.1.

Where specifically approved by VA Authority, split-systems or terminal DX units may be used
only for non-patient spaces, where chilled water is not available. Examples of such spaces are:

e Remotely Located Security Office
e Guard Cabin

3.3.1.2 Fan Coil Units

Fan coil units are not permitted in new construction. Fan coil units are also not permitted in
renovation projects.

Exception:

Non-clinical unoccupied spaces. Example spaces are:

e Mechanical Rooms
e Electrical Rooms
e Elevator Machine Rooms

Use of 2-pipe seasonal changeover systems is not permitted.

3.3.1.3 Ventilation Air

A dedicated, 100% outdoor air handling unit shall be provided when fan coil units are used. The
dedicated outdoor air handling unit shall supply conditioned air to occupied spaces by fully
ducted air distribution system. Admission and distribution of ventilation air (conditioned or
raw) is not permitted through fan coil units or any other terminal units.

3.3.14 Dedicated Outdoor Air System (100% Outdoor Air)

The central ventilation system shall be similar to the all-air system described above with MERV
7 and MERV 11 pre-filters installed back-to-back on the suction side of the supply air fan and
equipped with an energy recovery device, pre-heat coil, and cooling coil. Remotely located
central ventilation units shall distribute conditioned air directly into the conditioned space by
supply air outlet and not into the fan coil unit intake.

III

(a) Ventilation Air Control: Do not deliver minimum ventilation air at “neutral” condition,
by reheating the air up to the room air temperature after dehumidification. Provide
dynamic control of the ventilation air temperature to take full advantage of its available
cooling capacity in cooling mode and heating capacity in heating mode. Ensure that the
variations in the ventilation air temperature do not compromise dehumidification.
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(b) Ventilation Air Outlets: Minimum ventilation air outlets shall be designed to provide the
required air throw to occupied areas. With smaller ventilation air volumes, 20 cfm [9
L/s], selection of suitable outlets is necessary.

3.3.2 FAN COIL UNITS — SYSTEM DESCRIPTION

Where fan coil units are permitted (see 3.3.1.3 for limitations on fan coil usage), the system
design shall be based on 4-pipe configuration, capable of providing on-demand heating or
cooling. Fan coil units can be used in vertical, floor-mounted or in horizontal, ceiling-suspended
(recessed or concealed) configuration with supply and return air ductwork as required. Vertical
units are generally located under windows to control cold drafts and solar radiation.

3.3.2.1 System Applications

Generally, the use of 4-pipe fan coil systems shall be limited to serve perimeter spaces only.
Use of fan coil units for interior spaces shall be carefully evaluated on a case-by-case basis.

3.3.2.2 Cooling Coil Condensate Piping

Design the cooling coil condensate piping to remove condensate without clogging the drain pan
and drain lines. Provide insulated drain pans and condensate drain piping. Minimize the extent
of horizontal runs and provide cleanouts at each turn in the direction of flow. Pitch the drain
line in the direction of flow to facilitate flow by gravity.

3.3.2.3 Filtration

Unit filtration shall meet the minimum filtration requirements listed in the room data sheets for
spaces being served. See Chapter 6.

3.3.24 Acoustic Measures

Select fan coil units to deliver the required capacity at mid-speed. Provide sound attenuation
as required to achieve desired space noise level. Special attention should be paid to ceiling-
suspended fan coils. Refer to Chapter 2 acoustical analysis for additional information.

3.3.2.5 Controls

4-pipe fan coil units shall be equipped with separate cooling and heating coils. Provide a
modulating control valve for each coil to operate the cooling and heating modes in sequence.
The use of two or three way control valves shall be coordinated with the facility to match their
existing system. DDC controls shall be used. For new construction and major renovation, 2-
way control valves with a modulating pump speed shall be utilized.

3.4 HEATING AND VENTILATION UNITS (HVU)

Provide central or split-function heating and ventilation systems, where mechanical cooling is
not required. The system shall be able to operate from 100% outdoor air to minimum outdoor
air to comply with ASHRAE Standard 62.1 — 2016 (or approved latest edition) or exhaust air
requirements, whichever is greater. Example spaces are:
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e large Warehouses

e (Garages

e Storage Rooms

e Mechanical or Electrical Equipment Rooms

3.4.1 DESIGN PARAMETERS

3.4.1.1 Total Air Changes per Hour

Calculate the supply air volume based on the required air changes per hour by the applicable
codes, criteria, and the project-specific parameters, such as, ceiling height and air distribution
mode, and the required space heating load.

3.4.1.2 Heating Mode

Refer to Chapter 6 room data sheets for room temperature and ventilation requirements.

3.4.2 CENTRAL VENTILATION AND/OR HEATING SYSTEM

Generally, a central system is comprised of a fan, filter (MERV 7), and heating sections with a
uniform air distribution system. The system shall be capable of delivering from 100% to
minimum outdoor air on demand. Provide a central or multiple exhaust fans to modulate the
exhaust air volume in unison with the outdoor air admitted into the space.

3.4.3 SPLIT-FUNCTION OR SEPARATE HEATING AND VENTILATION SYSTEM

Heating and ventilation functions are separated by dedicated equipment for heating and
ventilation. Such systems can be designed in numerous configurations. Ensure minimum
ventilation per ASHRAE Standard 62.1 — 2016 or approved latest edition is maintained.

Heating is provided by thermostatically controlled, ceiling-suspended unit heaters or cabinet
heaters for uniform heat distribution. Provide outdoor air tempering as needed due to the
project location. Referto Chapter 4 Section 4.4 Heating Systems for additional information on
heating sources.

3.5 SUPPLY AIR OUTLETS

(a) Linear Diffusers: (Use where it is justified)

e Forall occupied spaces with exposed perimeter windows, the design shall be based
on linear supply air diffusers. Minimum length of the supply air diffusers shall match
the window width. The design shall include a factory-furnished, externally insulated
supply-air plenum over the diffuser. Provide a single feed or multiple feeds to the
plenum, as recommended by the manufacturer, to ensure uniform velocity
distribution.

e Forspaces such as lobbies and reception areas with high glass, include wall-to-wall
linear diffusers in the design. Provide supply air plenums continuously or
intermittently, as required, to ensure required throw and air diffusion. Include
blank-off plates for the diffuser segments, where plenums are not required.
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e Provide a manual volume control damper for each takeoff feeding linear diffusers.

e Air Diffusion Performance Index (ADPI) shall conform to selection criteria given in
ADPI table of the “Room Air Distribution” chapter of the ASHRAE Handbook — HVAC
Applications - latest edition.

(b) Square and Rectangular Diffusers:

e Forinterior spaces and elsewhere, where required, include square 24 in x 24 in [600
mm x 600 mm] or 12 in x 12 in [300 mm x 300 mm] supply air diffusers with neck
sizes as required to meet the duty conditions. Provide multiple supply air diffusersto
achieve uniform air distribution without dead spots.

e Use rectangular supply air diffusers for uneven air distribution.

e Forcorridors, provide two-way blow diffusers to suit the space geometry.

e Limit the capacity of a single diffuser to 600 cfm [283 L/s].

e Air Diffusion Performance Index (ADPI) shall conform to selection criteria given in
ADPI table of the “Room Air Distribution” chapter of the ASHRAE Handbook — HVAC
Applications - latest edition.

(c) Round Diffusers: Use round diffusers for exposed occupied spaces.
(d) See HVAC and Steam Equipment schedules (PG-18-4) supply, return and exhaust outlets
for additional information.

3.6 ENERGY RECOVERY SYSTEMS

The system design shall incorporate energy recovery systems to be in compliance with ASHRAE
Standard 90.1-2019 or approved latest edition, and where found cost-effective based on a
LCCA. The applicability and suitability of energy recovery systems shall be evaluated by the VA
Facility Energy Engineer and the VISN Energy Engineer and concurrence with the VA COR
acquired, before energy recovery systems are included in the design.

3.6.1 SENSIBLE HEAT TRANSFER

The analysis shall include each of the following systems where sensible heat transfer only is
applicable.

3.6.1.1 Run-around System

This system utilizes a piping loop and circulation pump. The loop connects a finned-tube coil in
the exhaust plenum with a finned tube coil in the makeup air plenum or AHU. This system
typically operates to preheat outdoor makeup air but also to pre-cool the make-up air when the
exhaust air stream is cooler than the outdoor make-up air. Evaluate the reduced performance
impact of using propylene glycol. Pre-filters shall be used upstream of exhaust coil serving
animal holding facilities. The need for coil corrosion protection shall be evaluated based on the
exhaust source.

The salient features are:

e No cross contamination issues
e Exhaust and intake do not have to be located next to each other
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3.6.1.2 Fixed-Plate System (Air-to-Air)

Plates augmented with fins separate air streams. No transfer media other than the plate-
forming wall is used. Bypass dampers are required for times when energy recovery is not
effective.

The salient features are:

e No moving parts
e Limited cross-leakage

3.6.1.3 Heat Pipes
The salient features are:

e Heat source boils a heat transfer fluid and a heat sink condenses the fluid back to its
liquid state, liberating the energy transferred from the fluid’s phase change.

e Transfer fluid is contained within a pipe

e Supply and exhaust streams must be in close proximity. Use sealed-tube thermosyphon.

e Piping material shall be corrosion resistance for the air stream in which they are
installed.

3.6.2 SENSIBLE AND LATENT HEAT TRANSFER

The LCCA required by paragraph 3.6 shall include each of the following systems where both
sensible and latent energy transfer are applicable.

3.6.2.1 Total Energy Recovery Wheels

The use of energy recovery wheels is prohibited.

3.6.2.2 Fixed Membrane Heat Exchanger
The salient features are:

e Membrane material in multiple layers. No moving parts.

e Bypass dampers are required for times when energy recovery is not effective.

e Water vapor permeable. Sensible and latent heat recovery.

e Limited cross-leakage.

e To reduce the risk of cross contamination ensure outside air section of the heat
exchanger is at a higher pressure than the exhaust section. This will cause an airflow
from “clean” (outdoor air) to “dirty” (exhaust air).

3.6.3 LOAD CREDIT

Do notinclude any credit due to the savings in cooling and heating energies while sizing and
selecting the cooling, heating, and airside equipment. Such savings can be projected into the
energy analysis or life-cycle analysis without reducing the primary equipment capacity. Include
two sets of operating conditions in the equipment schedule, one with and one without energy
recovery devices in operation.
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3.6.4 EXCEPTIONS — ENERGY RECOVERY EQUIPMENT

In addition to the exceptions identified in ASHRAE Standard 90.1 — 2019 or approved latest
edition, listed below are the applications for which energy recovery systems are prohibited due
to hazardous, corrosive, grease-laden or wet exhaust air:

e Exhaust from all fume hoods and biological safety cabinets
e Kitchen exhaust (range hood and wet exhaust)

e Autopsy exhaust

e |solation room exhaust

e Wet exhaust from cage and cart washers

e ETO — Ethylene Oxide Sterilizers exhaust

e Sterile Processing Services (SPS)

3.7 DESIGN CRITERIA — AIR DISTRIBUTION SYSTEMS
3.7.1 DUCT DESIGN — GENERAL

3.7.1.1 Compliance

Air distribution system shall be designed in accordance with applicable ASHRAE and SMACNA
Standards. Parameters listed below shall govern in the event of discrepancies from the ASHRAE
or SMACNA Standards. Use applicable sections of the SMACNA Standard to select the air
distribution ductwork pressure classification. All duct pressure class ratings shall be designated
in the design documents.

Shafts that contain air ducts or that encloses air ducts used for the movement of environmental
air shall not enclose the following:

e Exhaust ducts used for the removal of smoke and grease laden vapors from cooking
equipment.

e Ducts used for the removal of flammable vapors

e Ducts used for the removal of nonflammable corrosive fumes and vapors.

e Refuse and linen chutes

e Piping, except for noncombustible piping conveying water or other nonhazardous or
nontoxic materials.

Refer to NFPA 90A for additional information.

On systems where an over or under pressure event would cause system damage, provide
pressure relief panels in the system near the air handling unit.

The design engineer shall submit calculations showing the need for relief panels. The engineer
shall assume all safeties have failed in their calculations.
3.7.1.2 Duct Materials

Ductwork shall be fabricated from galvanized steel, except where required in this manual and
depending upon specific application to be, aluminum, or stainless steel.
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All ductwork and ductwork appurtenances and equipment in contact with supply air
downstream of the HEPA filters for surgery and pharmacy applications shall be welded stainless
steel. This includes, but is not limited to, dampers, ductwork, diffusers, etc.

3.7.1.3 Duct Selection Criteria

(a) Sizing Parameters: Duct size selection must satisfy two limiting parameters: maximum
air velocity and maximum static pressure drop. The design engineer shall coordinate
with the VA to determine if any oversizing will be required.

(b) Sizing Criteria: Use equal friction method for sizing low-pressure ductwork. Use static-
regain method for sizing medium pressure ductwork.

(c) Exposed Ductwork: All exposed supply (visible in space) ductwork in the occupied
conditioned spaces shall be designed and fabricated from double-wall, flat, oval, or
round ductwork. Duct painting and finish requirements shall be coordinated with the
VA.

(d) The engineer shall perform a dew point calculation to determine if insulation is needed
on the return and exhaust ductwork that is located in areas with high humidity or little
to no air movement, such as duct chases and ceiling space adjacent to roofs.

3.7.14 Mandatory Requirement

All ductwork, without exception, shall be shown in double lines on all floor plans and cross-
sections.

3.7.1.5 Duct Pressure Classification

Show duct pressure requirements for all ductwork on the floor plans. Examples of required duct
classification are %in, 1in, 2 in, 3in, and 4 in [125 Pa, 250 Pa, 500 Pa, 750 Pa, 1000 Pa]. Refer
to SMACNA for a complete list of pressure classifications.

3.7.1.6 Flexible Ducts

(a) Use of flexible ducts shall be restricted to connections between the VAV and/or CV air
terminals and the medium or high pressure supply air duct and connections between
the supply air diffusers and the low-pressure supply ductwork. Refer to VA Detail
number SD233600-04 Duct Connections — Air Terminal Units.

(b)  Maximum length of flexible ductwork shall not exceed 5ft [2 m].

(c) Maximum length of flexible ductwork to connect a VAV and/or CV air terminal to the
medium or high pressure supply ductwork shall not exceed 3 ft [0.9 m].

(d) Maximum change in direction allowable in flexible ductwork is 45 degrees.

(e) Do not use flexible duct on exposed ductwork.

(f) Do not penetrate firewalls and interstitial decks with flexible ducts.

(g) Use of flexible duct is prohibited in all patient care areas and critical spaces with air
pressurization and directional airflow requirements, including but not limited to
research animal holding and laboratory facilities.
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3.7.1.7 Underground Ducts

Use of underground and concrete ducts is not permitted.

3.7.1.8 Shielded Ducts

Coordinate locations of shielded rooms with the architectural drawings. Generally, lead lining in
walls terminates at or below the ceiling level. However, in special instances where lead linings
extend higher and ducts penetrate the lining, ducts shall be wrapped with lead sheet of the
same thickness as the wall lining. Consult medical equipment vendor for specific
recommendations.

For ductwork penetrating into a Radio Frequency shielded rooms (MRI for example)
considerations must be taken to ensure the Radio Frequency shielding is not compromised. All
ductwork, fasteners, hangers, diffusers and appurtenances within the Radio Frequency shield
shall be non-ferrous. Ductwork penetrations must utilize Radio Frequency wave guides at the
shielding feed-through points.

Exceptions:

e InSuper Voltage therapy rooms with thick concrete walls, lead shielding may not be
required for ducts penetrating the room wall. A registered health physicist shall check
adjacency uses and determine lead shielding requirements.

e Dark rooms require full height lead lining. For walls of dark rooms located adjacent to
rooms with walls having 7 ft [2 m] high lead lining, lead shielding of the ductwork
penetrating above the suspended ceiling is not required.

3.7.1.9 Minimum Duct Size

e Rectangular Ducts: 8 in x 6 in [200 mm x 150 mm)]
e Round Ducts: 6 in [150 mm]. Minimum duct size does not apply to equipment
connections or to local exhaust capture systems (snorkel arms).

3.7.1.10 Duct Leakage Tests

Refer to ASHRAE 90.1-2019 paragraph 6.4.4.2.2 or the equivalent paragraph in the approved
latest edition for duct leakage test requirements.

3.7.1.11 Limiting Duct Sizing Parameters

Table 3-3: DUCT SIZING CRITERIA

Duct Description Maximum Air Velocity Maximum Static
Pressure Drop
Low Pressure Duct Supply Return 1,500 fpm [8 m/s] 0.08 in of water/100 ft
Relief Exhaust [0.66 Pa/m]
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Maximum Static

Duct Description Maximum Air Velocity Pressure Drop

Medium/High Pressure Duct Supply 2,500 fpm [13 m/s] 0.20 in of water/100 ft
[1.64 Pam]

Transfer Air Duct 750 fpm [4 m/s] 0.04 in of water/100 ft
[0.33 Pa/m]

The above sizing criteria can be altered to suit the project location. For example in a boiler
plant where noise is not of concern, air velocities may be increased. The design engineer shall
review any deviations from the recommended sizing criteria with the VA.

Both maximum air velocity and maximum static pressure drop shall be maintained when sizing
ductwork.

3.8 EXHAUST SYSTEMS

See Chapter 6 and room data sheets for additional information. Two types of exhaust systems
are used in VA Facilities:

e General exhaust
e Special exhaust (including “Wet Exhaust”)

All exhaust systems generally consist of:

e Exhaust fan and motor

e Exhaust ductwork and inlets

e Controls and interlocks

e Discharge connections (louvers, stacks, or integral outlets)

Location and type of exhaust fans shall be project-specific. Install fans at the end of the exhaust
ductwork and nearer to the outdoor discharge location to keep the exhaust ductwork under
negative air pressure. With the exception for roof mounted ventilators exhaust fans shall be
housed in adequately sized enclosed spaces. Ensure there are sufficient working clearances
around roof ventilators.

Fume hood exhaust and general exhaust shall not be combined.
Smoke and fire dampers shall not be installed in exhaust ducts serving fume hoods, biosafety
cabinets, and other contaminate-type equipment. See NFPA 90A for additional information.

3.8.1 GENERAL EXHAUST SYSTEM

3.8.1.1 Applications — Individual Spaces

See Chapter 6 and room data sheets for additional information. Examples of the spaces served
by general exhaust systems are:

e Attics
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e Atriums

e Canopy Hoods

e Housekeeping Aid Closet (HAC)
e Locker Rooms

e Lobbies

e Pipe Sub-Basement

e Soiled Storage Rooms

e Soiled Utility Rooms

o Toilets

e Toilets and Showers

3.8.1.2 Applications — Air-Handling Unit Systems

General exhaust systems are also required for spaces served by 100% outdoor air systems.
Examples of these systems are:

e Sterile Processing Service (SPS)

e Laboratories

e Animal Holding and Research

e Autopsy Suite

e Kitchen (Food Preparation) without Grease Hoods and Wet Exhaust
3.8.1.3 SPECIAL EXHAUST SYSTEM - APPLICATIONS

See Chapter 6 and room data sheets for additional information.

3.8.14 Dry Exhaust Systems

Special dry exhaust systems are generally dedicated systems serving specialized equipment or
applications, such as:

Biological Safety Cabinets (BSC)

ETO (Ethylene Oxide Sterilizer) exhaust
Fume hoods

Kitchen range hood

MRI Exam Room Emergency Exhaust
TB Isolation suite

These exhaust systems shall not be combined and labeling of the system shall be provided.

3.8.1.5 Wet Exhaust Systems

Dedicated exhaust system used for ventilating rooms with heavy water or steam usage are
designated as wet exhaust systems. Examples are:

e Automatic Cart Wash Equipment Room
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e Manual Cart Wash Room

e Therapeutic Pool Room

e Kitchen Dishwashers

e Research Cage Wash Room

For all wet exhaust systems, provide welded stainless steel ductwork and corrosion resistant
fan. Mount fan bearings out of the air stream.

3.9 LABORATORIES AND VETERINARY MEDICAL UNITS

3.9.1 GENERAL

HVAC systems for Laboratories and Veterinary Medical Units (VMU) shall be designed to
maintain space temperature and humidity at required set points (Refer to Chapter 6 room data
sheets for required set points). Space conditions (pressure, temperatures, humidity) shall be
monitored and adjusted on a continuous basis. The HVAC system shall provide for adequate
ventilation to remove fumes, odors, airborne contaminants, and shall provide for the
continuous operation of any fume hoods. The system shall be designed to maintain relative
pressure differentials between spaces to prevent cross contamination.

3.9.2 REFERENCES

The design of laboratory and veterinary medical unit HVAC systems is complex. This design
manual is intended to provide general guidance. Work closely with VA personnel at the project
location to identify all project specific requirements. The following references provide
additional guidance:

e PG 18-12 — VA Research and Development Design Guide

e AAALAC- Guide for the Care and Use of Laboratory Animals

e ASHRAE Laboratory Design Guide

e ASHRAE Standard 110, Method of Testing Performance of Laboratory Fume Hoods

e ANSI/AIHA 79.5-2012 Laboratory Ventilation or approved latest edition.

e NSF/ANSI Standard No. 49, Biosafety Cabinetry: Design, Construction, Performance, and
Field Certification

e CDC/NIH - Biosafety in Microbiological and Biomedical Laboratories 6th Edition

o NIH Design Requirements Manual

e NFPA 30, Flammable and Combustible Liquids Code

e NFPA 45, Fire Protection for Laboratories Using Chemicals

e Scientific Equipment and Furniture Association (SEFA) document, SEFA 1, Recommended
Practices for Laboratory Fume Hoods

3.9.3 COMPLIANCE

Laboratory spaces shall meet the requirements in the VA Research and Development Design
Guide.
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3.9.4 CONTAINMENT LEVELS

The U.S. Department of Health and Human Services (DHHS), Centers for Disease Control and
Prevention (CDC), and National Institutes of Health (NIH) have identified four primary biosafety
levels (BSL) for laboratories (BSL-1 through BSL-4) and animal facilities (ABSL-1 through ABSL-4).
The biosafety levels and associated recommended practices are described in the CDC/NIH
publication, Biosafety in Microbiological and Biomedical Laboratories.

3.9.5 LABORATORY VENTILATION

The total airflow rate for a laboratory shall be based on the highest airflow resulting from the
following requirements:

e Total amount of exhaust from containment and exhaust devices.

e Cooling required to offset internal heat gains.

e Minimum ventilation rate requirements. Referto Chapter 6 room data sheets.
o Airflow required to maintain pressure relationships.

Ventilation systems shall be designed to comply with NFPA 30 (when flammable or combustible
liquids are handled), NFPA 45 (when chemicals are present), ANSI 79.5, American National
Standard for Laboratory Ventilation, and ASHRAE Laboratory Design Guide.

3.9.6 LABORATORY AIRFLOW MANAGEMENT

The airflow shall be from areas of low hazard to higher hazard, unless the laboratory is used as
a barrier facility or other special type laboratories, such as a clean room process. When flow
from one area to another is critical to emission exposure control, airflow monitoring devices
shall be installed to signal or alarm that there is a malfunction.

The supply air volume shall respond to applicable dynamic events including:

e Changes in desired ventilation rate

e Flow changesin VAV exhaust devices including fume hoods and all other exhausts.
e Room pressurization

e Space temperature control demands

3.9.7 LABORATORY SUPPLY AIR DISTRIBUTION

Supply air distribution shall be designed to minimize air turbulence in laboratories to avoid any
impact on the performance of the fume hoods and biosafety cabinets. Keep air jet less than
one third of the capture velocity or the face velocity of the laboratory hoods at their face
opening.

3.9.8 LABORATORY EXHAUST DISTRIBUTION

Exhaust system materials shall be in accordance with the current version of American
Conference of Governmental Industrial Hygienists (ACGIH’s) Industrial Ventilation: A Manual of
Recommended Practice, the ASHRAE Handbook — Fundamentals - latest edition, and NFPA 45
(when chemicals are present). Exhaust system materials shall be resistant to corrosion by the
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agents to which they are exposed. Exhaust materials shall be non-combustible if oxidizing
agents that pose a fire or explosive hazard are used.

3.10 FUME HOOD EXHAUST SYSTEMS

3.10.1 GENERAL
Fume hoods are discussed in the VA Research and Development Design Guide.

Provide exhaust systems for the fume hoods required by the space program. Coordinate
guantities, sizes, and types of fume hoods with the architectural drawings and project-specific
program needs. In this section, the following three different types of hoods are covered:

e Radioisotope Hoods
e General Purpose and Chemical Hoods
e Perchloric Acid Hoods

3.10.2 SPECIAL REQUIREMENT

Use of auxiliary make-up air hoods is not permitted.
3.10.3 BASIS OF DESIGN (HOODS)

3.10.3.1 General

The basic premise of the fume hood exhaust system is to maintain a constant face velocity of
100 fpm [0.5 m/s] over the hood sash area under varying sash positions. The sash is defined as
the movable glass panel which covers the face area of the hood. The sash position can vary
from almost fully closed to fully open to a pre-determined intermediate stop with a fixed sash
stop, typically at 18” height. Coordinate with existing fume hoods in renovated spaces and with
laboratory planners for new construction. Lower than 100 fpm [0.5 m/s] face velocity at a fume
hood may be allowed if high performance fume hoods are used and after approval by VA
Authority.

A variable volume hood and control sequence is the preferred and recommended system type.
If constant volume equipment is proposed, review the energy impact with the COR and obtain
approval by the VA Authority before implementing.

3.10.3.2 Specific Requirements

(a) Provide emergency power for the exhaust system and associated controls for all hood
exhaust systems.

(b) Do not connect any exhaust from sources other than identical hoods to the fume hood
exhaust or biosafety cabinet system. Only manifold hoods or biosafety cabinets that are
in the same laboratory group. Fume hoods and biosafety cabinets shall not be
manifolded together.

(c) Radioisotope hoods can be grouped together to form a combined exhaust system.
General Purpose or Chemical fume hoods can be grouped together to form a combined
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(d)
(e)

(f)
(g)
(h)

(i)

()
(k)

(1)
(m)

(n)
(o)

exhaust system. Perchloric Acid hoods cannot be grouped together. Each Perchloric
Acid hood must have its own dedicated exhaust system.

Provide spark-proof construction fans and explosion-proof motors.

Provide an airflow control valve with readout capability ora DDC CV or VAV terminal
unit in each branch exhaust duct.

Provide local and remote alarm capability at the ECC for each fume hood in the event of
a system failure or the face velocity readout outside the high or low set-points.

Provide round, 316-L stainless-steel welded ductwork (minimum 18 gauge) for
laboratory fume hood exhaust and for biosafety cabinet exhaust.

Keep the entire exhaust ductwork under negative air balance. Penthouse fans are
allowable, however any positive pressure ductwork shall be minimized. Limit to less
than 15 ft [4.6 m] horizontal run of positive pressure ductwork.

Discharge exhaust air from the highest level of the building. Provide a discharge stack at
least 10 ft [3 m] tall. Increase the stack height as required to prevent exhaust air from
being entrained in outdoor air intakes. The discharge velocity at the nozzle shall be
3,500 fpm [18 m/s].

Include the discharge air velocity pressure and the static pressure drop through the
hood in the fan static pressure calculations, along with all other ductwork accessories.
Include recommended acoustic analysis measures to contain the fan noise traveling
back from the exhaust fan in the system design. Measures shall also examine such items
as:

e Fan Selection

e Duct Velocity

e Sound Attenuators

Energy recovery from exhaust ducts of fume hoods is prohibited.

Do not install fume hood exhaust ducts in the same shafts that environmental ducts are
housed. See NFPA 90A for additional information.

Do not install fire dampers in fume hood exhaust ducts. Refer to NFPA 90A for
additional information.

The designer shall verify the project-specific filtration requirements for the Radioisotope
hood exhaust air system in consultation with the end-users and the Radiation Safety
Officer. The filtration requirements depend on the intended use, quantity and type of
isotopes used and may require MERV 17 (HEPA) filter, or a combination of a HEPA filter
and a charcoal filter, or no filters at all.

3.10.4 PERCHLORIC ACID HOODS

In addition to the specific requirements listed above, the following additional requirements

apply:
(a)

(b)

Provide round, 316-L stainless steel welded ductwork (minimum 18 gauge) for exhaust
ductwork serving Perchloric acid hoods.

Water Spray System: Design a water spray system to wash down the entire exhaust
system at the end of each use, including the exhaust fan, ductwork, hood, and the
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baffles. Ensure coordination with the plumbing and electrical disciplines for make-up
water connections and heat tracing (with emergency power) of the cold water line,
where required. The wash down cycle shall be either automatic or manual per local VA
personnel preference. Provide a hose bibb within 30 ft [9 m] of the discharge stack to
facilitate manual wash.

3.10.5 EXHAUST AIR VOLUME

Use the manufacturer’s data to determine the exhaust air requirements for hoods.
3.10.6 EXHAUST SYSTEM DESIGN

3.10.6.1 Constant Volume (CV) Design

For a small project involving a limited number of fume hoods which are remotely located, the
fume hood exhaust system design may be constant volume type if proven to have the lowest
life cycle cost.

As noted in Chapter 6 of the ASHRAE Laboratory Design Guide, perchloric acid fume hoods and
radioisotope fume hoods require constant volume exhaust systems.

A variable volume hood and control sequence is the preferred and recommended system type.
Review LCCA with VA Authority before designing a constant volume system. Two different
configurations are described:

(a) Integral Bypass Hoods: Bypass hoods maintain constant exhaust air volume. Lowering of
the hood sash exposes a bypass inlet located above the sash. The bypass inlet reduces
the increase in the sash face velocity, which in turn reduces turbulence and loss of
containment.

(b) External Bypass Hoods: With the external bypass hood exhaust air volume is either
directed through the room connection or through the hood by on/off motorized
dampers connected in parallel. With the use of modulating dampers, response to
keeping the constant face velocity is enhanced.

3.10.6.2 Variable Air Volume (VAV) Fume Hoods (General Purpose and Chemical Hoods
Only)

(a) Fornew construction and major renovations to be in compliance with mandated energy
conservation directives, provide a variable air volume design for Laboratory fume hoods.
This system is accurate and sophisticated in maintaining constant face velocity with
varying sash positions by varying the exhaust air volume. The system has substantial
potential to reduce energy consumption since it primarily operates at part load
conditions.
(b) System Configuration and Controls: The design shall consist of three separate systems:
e Supply Air System: The capacity of the variable air volume supply air system shall be
selected to maintain inside design conditions and/or to meet the exhaust needs of
the hoods. The complete system design shall include a variable speed drive for the
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supply air fan, an airflow measuring device, DDC-controlled VAV air terminal units,
and a static pressure sensor.

Hood Exhaust Air System: Design a dedicated VAV system to serve all identical
hoods. The capacity of the exhaust system shall be selected to satisfy all hoods
operating at their nominal capacities. Each duct connection from the hood shall be
equipped with an airflow control valve, compatible with the associated exhaust duct
system that modulates to vary the exhaust air volume to maintain the constant face
velocity. Each hood shall be equipped with controls which continually measure and
monitor sash position, calculate required exhaust air volume, and measure the
actual exhaust air volume. In addition to the items above, the complete system
design shall include a variable speed drive for the exhaust air fan, an airflow
measuring device, and a static pressure sensor.

General Exhaust System: Design a dedicated VAV system which operates in parallel
with the hood exhaust system. The capacity of the general exhaust system shall be
sized to remove the room supply air and maintain room pressure balance when all
hoods have assumed fully closed position. Note that even with the sash assuming a
“fully-closed” position; the hood admits enough make-up air from the room to
maintain negative air balance in the hood. The complete system design shall include
a variable speed drive for the exhaust fan, an airflow measuring device, a DDC-
controlled airflow control valve, and a static pressure sensor.

Controls: For each laboratory, in response to the room temperature sensor and the
sash positions of the fume hoods, the DDC controls shall orchestrate a synchronized
operation of the VAV supply air terminal, VAV fume hood exhaust, and VAV general
exhaust system to maintain a constant offset per each door, that is, the make-up air
from the corridors shall be used to maintain negative air balance. Assume an offset
of 100 cfm [47 L/s] per each single door and 150 cfm [71 L/s] for each double door.
Each fan shall adjust its speed in response to a signal from its static pressure sensor
to conform to the prevailing volumetric situation.

3.11 BIOLOGICAL SAFETY CABINETS (BSC)

Refer to the VA Research and Development Design Guide for an overview of Biological Safety
Cabinets (BSC).

3.11.1 DESIGN CONSIDERATIONS

(a)

(b)

Airflow Control and Alarm: Provide a pressure-independent airflow control valve in the
exhaust air stream to ensure constant airflow through the system. Provide an air
monitoring device and provision for sound and visible alarm at the hood and at the
central ECC in the event that the flow varies more than plus or minus 10% of the normal
value. Provide an interface with the ECC control to initiate a remote alarm.

Emergency Power: Provide emergency power for the exhaust fans, controls and the
associated motorized dampers. Coordinate with the electrical engineer to ensure
emergency power is provided.
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3.12 BIOLOGICAL SAFETY LEVEL 3 (BSL3)

VA facilities typically do not require BSL-e containment. If BSL-3 containment is required, refer
to the CDC/NIH publication, Biosafety in Microbiological and Biomedical Laboratories for more
information.
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