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SECTI ON 8: HEATI NG, VENTI LATI ON AND Al R CONDI TI ONI NG ( HVAC)

8.1 Ceneral . This section provides HVAC design requirenents for
DoD nedi cal, dental, nedical training, and medical research facilities.
The primary requirenent of the HVAC system(s) in a nedical facility is the
support of nedical function and the assurance of occupant health, confort,
and safety. The HVAC system functions not only to maintain m ninmm

requi renents of confort and ventilation, but is an essential tool for the
control of infection, removal of noxious odors, dilution and expelling of
contam nants, and establishnment of special environmental conditions
conduci ve to medi cal procedures and patient healing. Subject to the above,
appropriate consideration shall be given to the HVAC design to ensure
system mai ntai nability, econom cs and energy efficiency, and adaptability
to future facility nodification or expansion

8.1.1 Applicability. This criteria applies to new and exi sting

nmedi cal facilities including hospitals, nmedical and dental clinics,
veterinary clinics, medical supply warehouses, nedical training facilities,
and nedical research |laboratories. Applicability to existing facilities is
restricted to upgrade or replacenment projects, and for those specific
systems or services included in the scope of the project authorization

For existing facilities, when conplete conpliance with the technica
criteria of this section is not economically practicable, consideration
shall be given to substitution of other recognized industry standards or
criteria upon application to the Healthcare Facilities Steering Committee
or TMA DMFO as provided under Section 02 of this document. Al facilities
shall conply with the applicable standards of the National Fire Protection
Associ ati on (NFPA).

8.1.2 Supporting Docunents. This guidance may be suppl emented by the
individual mlitary departnental publications, including Architect-Engineer
Instructions (AEls), Technical Mnuals (TMs), Engineering Technical Letters
(ETLs), project-specific design instructions, and other criteria. M ninmm
HVAC design criteria shall be in accordance with the [atest editions of the
American Society of Heating, Refrigerating, and Air Conditioning Engineers
(ASHRAE) publications (reference 8a), the American Council of Government
Hygi eni sts (ACA H) Publication "Manual of Recommended Practices for

I ndustrial Ventilation" (reference 8b), and the National Fire Protection
Associ ati on (NFPA) Standards (references 8c, 8d, 8e, 8f, 8g, and 8h), as
wel | as applicable governmental regulations. Oher industry and gover nment
standards shall be utilized for HVAC design as referenced herein.

8.2 Desi gn Condi ti ons.

8.2.1 Weat her Data. Weather data shall be obtained fromthe npst
recent edition of the Joint Services Manual TM 5-785, NAVFAC P-89, AFM 88-
29, "Engi neering Wat her Data" (reference 8i). |If given nmilitary

installations have access to nore recent or accurate information of weather
conditions in their region, designers shall coordinate use of this
information with the service design agent.

8.2.2 Interior Design Conditions. Interior design conditions shal
be in accordance with Appendix A
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8.2.3 Space Ventilation. Mnimumtotal and outside air change rates
shal |l be as indicated at Appendi x A; Computed on a per-occupant basis,

m ni mum out side air ventilation shall neet the worst-case requirenents of
ei t her appendi x A, or ASHRAE Standard 62-89. Higher air change rates nay be
required to neet air conditioning or makeup air requirenments as supported
by engi neering cal cul ations. See 8.16 of this Section for additiona

gui dance and requirenents.

8.2.4 Anmbi ent Design Dry and Wet Bulb. The HVAC cooling design for
nmedi cal facilities shall generally be based on the 2.5 percent dry bulb
(DB) tenperature and the corresponding 2.5 percent nean coi ncident wet bulb
(MCWB) tenperature, and heating design upon the 97.5% DB, as provided in

reference 8i. Exceptions include Critical Care and Sensitive spaces, where
speci al environmental requirements demand nore precise tenmperature or
hum dity control, or both, at all tines (see below). In addition, designs

for facilities in humid climtes should exam ne BIN weat her data for the
locale to determine if the 2.5% MCOWB tenperature is reasonable for that
project; Use of a higher design wet bulb tenperature may be warranted for
facilities utilizing large quantities of outside air, or cooling towers,
where the 2.5% MCWB tenperature is exceeded for a significant nunber of
occupi ed hours during the cooling season

8.2.5 Critical Care Spaces. Critical Care Spaces are identified in
Section 10, Electrical, of this Mlitary Handbook. HVAC cooling design for
critical hospital areas shall be based on the 1 percent dry bulb
tenperature with corresponding 1 percent MCWB tenperature. The heating
design shall be based upon the 99% wi nter dry bulb tenperature.

8.2.6 Sensitive Spaces. Sensitive areas include Autonated Data
Processing (Computer) roons, Radiology and MR conputer roomns, selected

| aboratories (see below), and Tel ephone Switch Room O her roomnms housing
sensitive electronic or other equi pnent or processes nay be designated as
Sensitive Areas on an individual project basis. Design anbient
tenperatures shall generally be the 1% DB/ 1% MCWB (sunmer), and 99% DB
(winter). Each application should consider using 2.5% DB/ 2. 5% MCWB
(sumrer), and 97.5% DB (wi nter) design conditions for less critica

equi pent / process air conditioning requirements.

8.2.6.1 Laboratories. Space design tenmperatures for |aboratories are

i ndi cated at Appendi x A, generally 26C. However, designers shall be
responsi ble to coordinate with the equi pment designer and user to establish
whet her tenperature-sensitive equipnment is expected to be utilized in a

| aboratory space. Wen such equi prent requires, for proper operability or
to neet warranty linitations, an anbient tenperature |ower than can be

mai nt ai ned by the HVAC/ Control System when set at 26C, the designer shal
coordinate with the Design Agent to establish a reasonable | ower design
tenperature for that space

8.2.7 Tenperature during Snmoke Control Operation. Wien a supply air
systemis required to operate on 100% outside air during snoke node
operation, the systemshall be designed with sufficient heating capacity to
mai ntain a mni num of 45 degrees at the air handling unit discharge under
the 99% wi nter design conditions.
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8.2.8 Mechani cal Equi pnent Roons. In general, mechanical equiprent
roonms shall be designed with ventilating systens which will maintain
tenperatures within 5.5C of sunmmer anbi ent design tenperature. However
when these equi pnent roons house tenperature-sensitive electronic
conponents, such as nicroprocessor based controls, electronic circuit
breakers, etc., designers shall confirmthe anbient requirements of such
equi prent and desi gn accordi ngly.

8.3 Refrigerants. Refrigeration equipnent shall utilize
refrigerant having an Ozone Depl etion Potential (ODP) of not greater than
0.05. Refrigeration roomdesign shall include the safety features, such as

sensi ng devices, purge ventilation system etc., as required for the
particul ar refrigerant in accordance with ASHRAE Standards 15 and 34
(references 8j and 8k).

8.4 Li fe-Cycl e-Cost/ Energy Analysis. HVAC equi pnent sel ection

shall include Iife-cycle cost analysis of the avail abl e equi pnent or system
alternatives neeting the nedical functional requirenents, in accordance
wi t h gui dance given in Section 7.

8.5 Eligibility for Air Conditioning

8.5.1 Total Air Conditioning. Air conditioning is required in al
normal | y-occupied facilities and spaces in which the interior conditions
listed in Appendi x A cannot be net through natural ventilation alone.
“Nornmal |y occupi ed spaces” will include such spaces incidental to nedical
facilities as corridors and circulation areas. Normally unoccupi ed, or
intermttently occupi ed, spaces such as restroons, |ocker roons, soiled
linen rooms, janitors closets, and similar spaces accessible to nedical
staff or the public and having exterior exposure shall be air conditioned
(in addition to being provided with the required ventilation) to maintain
reasonabl e conditi ons.

8.5.2 Food Service Area. Air conditioning of the kitchen areas shall
be designed to avoid the waste of energy. Designs shall consider utilizing
dining roomtransfer air or tenpered make-up air for vented equi pment
exhaust, spot cooling, exhaust system heat recovery, and ot her energy
saving strategies to mnimnze energy costs while providing a reasonably
confortabl e environnent for kitchen staff.

8.5.3 Not Aut horized Air Conditioning. The follow ng areas shall not
be provided with air conditioning. Heating and/or ventilation shall be
provided as required to neet criteria.

a) Mdtor Vehicle Storage Areas
b) Energy (Boiler/Chiller) Plants

c¢) Mechani cal Equi prent Roons, unless containing sensitive
el ectroni c equi prent requiring tenperature control

d) Toilets/Showers and Locker Roonms not | ocated wth outside

exposure. Note that |ocker roons which do not include a shower room or
toilet may be recircul at ed.
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8.5.4 Medi cal Warehouses. HVAC design shall be based upon the
environnental requirenments of the stored materials. Mterials with
critical tenperature or humidity requirements should be stored in
separately partitioned areas frommaterials having less critica

requi renents, to avoid the needl ess expenditure of air conditioning eneragy,
if such design is cost effective. Spaces wthin nedical warehouses which

will be normally occupied, including Adm nistrative or Break roomnms, shal
be air conditioned as required to provide the design conditions listed in
Appendi x A. Air conditioning will also be required for any warehouse spaces

housi ng conputer or other environnentally sensitive equi pnent.

8.6 Mechani cal Equi pnent Space.

8.6.1 Mechani cal rooms for nmajor air handling equi prent, heat
exchangers, prine nmovers, medical gas supplies, vacuum air conpressors,

and ot her mmjor mechanical equipnment shall generally be located within the
facilities with access to the outside of the building. Exceptions to |ocate
equi prent i n penthouse equi pnent roons, may be considered by the Design
Agent if justified froma cost or functionality standpoint and if properly
coordi nated with the base/post engineers. Rooftop nounted air handlers
shoul d be avoided due to the difficulty of maintenance access, and

consi deration of safety and working conditions for O&M personnel

Mechani cal room | ocation and | ayout shall consider

a) Sufficiency of space to enable access for operation
mai nt enance, and repl acement of equi prment.

b) Mnimzation of distribution runs.

c) Relative location to electrical equipment roons: NEC
vertical clearance/dedicated space requirenents for electrical equipnent
will restrict or preclude the routing of piping and ductwork through these
| ocati ons.

d) Relative location to communication roons: adjacency of fan
and comuni cations roons will create congested above-ceiling conditions
where cabl e trays and ductwork converge.

e) Adjacency to corridors, as a path for the routing of
duct wor k.

f) Adjacency to spaces having stringent noise contro
requi renents, or spaces with high ceilings which may restrict duct
di stribution space.

g) Potential future expansion of nechani cal system capacity.

8.6.2 Chilled water and steam hot water generators may be located in
a separate energy plant. UWility lines connecting the energy plant to the
facility shall be installed in a tunnel or other accessible enclosure
provi di ng mai nt enance access and protection fromthe el ements.

8.7 HVAC System Design For Functional Areas. For HVAC design, a
nmedi cal facility can be considered to contain six general areas including
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Critical, Sensitive, Cinic, Admnistrative, Support areas, and Patient
Bedroom areas. The primary considerations of the HVAC design are to

provi de the environmental conditions required to neet the functiona

requi renents. Miltizone, dual -duct, terminal reheat, variable air vol ung,
and conbi nations of such air distribution systenms may be considered for

application in appropriate areas. If utilized, VAV systenms will be of the
mnimumair quantity type. All-water, unitary, and fan-powered VAV systens
will generally not be acceptable in nmedical facilities, due to their

limtations in neeting ventilation requirenents, increased contamnination
source potential, or increased maintenance requirenents.

8.7.1 Critical Care Spaces. These spaces will normally be served by
single duct term nal reheat or double duct systens. Simultaneous
tenmperature, humidity, and pressurization control requirements for these
spaces preclude the use of other types of systens.

8.7.1.1 Operating & Delivery Room (OR and DR) Air Systens. The room
air supply systemfor Operating Roons, Delivery Roons, Cardiac

Cat heterization (hospital) Roons, and Cystoscopy (hospital) Rooms shall be
a ceiling supply type, |located over the operating table or treatnent area,
using non-aspirating "low velocity" (0.2 - 0.41 ms)(40-90 fpm diffusers
that isolate the air over the operating or treatnent area. Room
exhaust/return provisions shall consist of a mnimmof two exhaust or
return registers, located at diagonally opposing corners of the room
mounted with bottons of registers between 150 nm (6 in) and 230 mm (9 in)
above finished floor. The HVAC system for anesthetizing |ocations,

i ncl udi ng operating and delivery roons, shall be designed in accordance
with NFPA 99 to (a) prevent recircul ation of snoke originating within the
surgical suite and (b) prevent the circul ati on of snmoke entering the system
i ntake, without in either case interfering with the exhaust function of the
system

8.7.1.2 Continuity of Service. The design for the HVAC systens serving
Critical Care spaces shall include the follow ng:

a) The Air Handling Unit(s (AHUs) serving Operating or
Del i very Room suites shall be separate, independent units serving only the
respective Surgical or Obstetrical Departnent or portions thereof, to
enhance the reliability of these systens and m ninize denand on the
energency power system The air handling unit(s) serving each suite may
al so provide service to other Patient Care or support areas outside the
respective Surgical or Obstetrical Departnent. A nmaxi mum of four ORs or
four DRs should be served by any single AHU. Were a facility has four or
fewer ORs, these should be served by at |east two separate air handling
systems, to enhance reliability; A simlar consideration should apply for
DRs.

b) HVAC equi prent, including controls, which serve Critica
Spaces (including ventilation and pressure controls for isolation bedroons)
shall be connected to the energency el ectrical power system This shal
i nclude a sufficient nunber of chillers and boilers, with necessary
supporting equi prent, to neet critical design |oads.
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c) Designs shall include features to m ninize HVAC service
interruptions to Critical Care spaces, w thout the provision of redundant
air handling units or distribution systems. Provisions shall be such that
service interruption to any Critical Care space, as a result of failure of
an air handling unit component or its supporting electrical or controls
systems, shall be mininized. Such features may include the provision of
multiple, isolatable, heating and cooling coils, spare stock of replacenent
motors, drive belts, and bearings in the inmrediate vicinity of the
equi prent room dual fan units, "nmanifol ded" ductwork connections between
AHUs, or other measures providing for continuity or expeditious restoration
of service.

d) Air Handling Units, with associated controls, which serve
critical care spaces and patient bedroons shall be connected to the
el ectrical energency power system

8.7.2 Sensitive Areas. These are spaces or areas in which equi prent
or processes may require special environmental control, including
continuous (24 hours per day, year-round) air conditioning and individua
roomtenperature and/or hunmidity control. Economic or operationa

consi derations normally dictate provision of independent air conditioning
systems for Sensitive Areas, to enable continuation of air conditioning
when main buil ding systens are shut down for repairs, or are operating in
ni ght setback or econom zer node. M ninumoutside air ventilation shall be
provided in nornmally occupied areas. For those sensitive spaces critica
to continued hospital function and which require continuous cooling to
remain in operation, appropriate backup or redundant features shall be
provided to assure continuity of air conditioning in the event of primry
air conditioning equipnent failure. This may include the requirenment for
connection of air conditioning equipnment to the enmergency power system

8.7.3 Admi ni strative Areas. Adnministrative areas may be served by
singl e duct reheat, multi-zone, VAV, or dual -duct systems, with perinmeter
radi ati on when required or advantageous.

8.7.4 Qutpatient Cinics. CQutpatient clinics my be served by single
duct reheat, dual-duct, VAV, or multi-zone systens. Milti-zone systems may
only be enployed if the follow ng conditions are considered: 1) ease of
nmechani cal room duct egress, 2) no large disparity in zone size or |oad
profile, 3) little likelihood of space repartitioning or rearrangenent, and
4) proximty of space served to the mechanical room

8.7.5 Support Service Areas. Support service areas nmay be served by
si ngl e duct reheat, dual-duct, VAV, or multi-zone systens.

8.7.6 Pati ent Bedroonms. Normal-care Patient bedroons may be served
by dual duct, multi-zone, VAV, or single duct reheat systenms. Al systens
utilized shall maintain mninumventilation quantities under all conditions
of operation. Perimeter radiation systems (radi ant panels) may be
considered in conjunction with these air systens. Fin-tube heating systens
shall not be used in patient bedroons.

8.7.6.1 Patient |Isolation Bedroons. |solation bedroons shall be served
by airflow systenms which maintain a constant differential between supply
and exhaust air flowrates to maintain the required relative pressurization
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of the space to the adjacent spaces and corridor. Refer to nore detail ed
desi gn gui dance and requirenents for isolation bedroons under section 8.17
of this docunent. Pressurization control equi pnent serving Protective

I solati on and Di sease |sol ati on Bedroons shall be connected to the
energency el ectrical power system

8.8 Ceneral Design Considerations.

8.8.1 Plant Sizing and Optim zation. Primary plant heating and

cool ing equi prent for facilities having inpatient functions shall be
designed to permt servicing of major equipnent without total interruption
of service. The plant shall be sized based on two principles; Boilers,
chillers, and support equipnent for the heating and cooling plants shall be
configured and sized such that:

- with one maj or heat exchanger or punp out of service, the
remai ni ng plant equi pnment is sufficient to serve all critical care and
pati ent bedroom | oads, plus one half of all remaining | oads within the
facility.

- with one maj or heat exchanger or pump out of service for an
ext ended period (one day or nore) of maintenance, during the “off” season
for such service, the renmaining plant equi pnrent shall be sufficient to neet
the facility' s maxi num | oad.

For such multiple boiler/chiller plants, designers shall utilize life cycle
cost analysis to help determ ne the opti num arrangenent, nunber, and
capacity of nachi nes.

8.8.2 Cont am nant Renoval. HVAC systenms shall be designed to renmove
or reduce to acceptable levels volatile chenical and airborne

m cr obi ol ogi cal contami nants within the facility. Systems shall be
designed to renove excessive noisture in facility spaces and to contro

nmoi sture and dust accurmulation in air handling units, distribution

el ements, and chases, to avoid conditions permitting the growth of

pat hogeni c, allergenic, or otherw se objectionable m croorgani sns.

8.8.3 Interdepartnental Air System Restriction. |In general

i ndividual facility departnents should be served by dedicated air handling
systems in order to increase systemflexibility, energy conservation
facilitate confort control, and reduce demands upon the emergency power
system

8.8.4 Air Filtration. |Individual space air filtration shall be
provided as indicated at Appendix A 25%or 30% efficiency "roughi ng"
filters shall be provided upstreamof all coils, velocity sensing devices,
or other devices requiring protection fromdust accumul ati on. “Rol
filters”, cleanable nmedia, or other filtration systems requiring nore

i ntensi ve mai nt enance shoul d be avoi ded. Designers shall carefully
consider the location of filters relative to hunidifiers to minimnmze the
possibility of wetting the filter nedia.

8.8.5 Bal anci ng Ports and Features. Necessary controls,
i nstrument ati on, and bal ancing ports and devices shall be provided to
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establish and maintain the required space tenperature, relative humdity,
and air changes rate, and to facilitate bal anci ng procedures for al
syst ens.

8.8.6 Additions and Alterations to Existing Facilities.

8.8.6.1 Site lInvestigation. Designers shall conduct thorough

i nvestigations of existing facilities to be upgraded or nodified, to becone
know edgeable with facility conditions, as established by the terns of
their design contracts. This includes the need to inspect conceal ed spaces
(above-ceiling pl enuns, equi prent roonms, chases, etc.) to pernit eval uation
and accurate depiction of as-built conditions which can affect new work
Desi gn agents shall assure that this requirenent is net; it is advantageous
that the expected scope of the site investigation be discussed in detai

wi th the designer during project prenegotiation and “kickoff” neetings.
CGeneral ly, designers should be required to directly inspect all equi pnent
rooms and all above-ceiling areas in such a nunber of |ocations as to
reasonably establish the existing conditions. |In facilities with “hard”
ceilings, this may require the creation of a suitable nunber of inspection
openi ngs: design agents shall define in Project Design Instructions the
responsibility for making and repairing such openings. Structural and
architectural building elements, as well as existing equiprment, that
restrict equiprment distribution space should be directly verified to the
extent reasonably practicable. The design team nust recognize the econonic
advant ages of a detailed designer site investigation: if the designers do
not verify conditions, the construction contractor rmust do so, normally at
a cost premiumreflected in higher bidding costs (unknown conditions) and
change orders (changed conditions).

8.8.6.2 Modi fications to Existing Systens. Too often in the past,
addition/alteration project design docunments have failed to provide the
det ai | ed engi neering gui dance required to sustain operation of systens
serving occupi ed areas, |leaving this engineering responsibility in the
hands of QA personnel or construction contractors. The results have

i ncluded loss of critical services, inadequate system perfornmance, project
conpl etion delays, and costly change orders. Therefore it is hereby
enphasi zed that it is the responsibility of the project designer to carry
out all aspects of the design which can reasonably be acconplished during
t he desi gn phase. Modifications to existing equi pnment and systens,

i ncludi ng tenporary connections, changes to system perfornance, or measures
necessary to sustain service, shall be shown and described in detail in
proj ect design docunments. Designers shall evaluate the inpact on existing
systens of extensions of service which increase system demand. The

| ocations of new connections shall clearly be shown and/or described. The
desi gner shall deternine, and docunment for the design agent’s information,
any project work which will necessitate a reduction or interruption of any
service to an existing, occupied area

8.8.6.3 Protection of Patients From Construction Contaninants. For
additions or alterations to existing hospitals, neasures shall be provided
to mnimnmze contam nation of existing hospital areas, during the
construction period, and the associ ated HVAC systens serving them

Measures to reduce the potential of contam nation and nosoconial infections
i nclude but are not limted to negative isolation of construction areas,
construction of effective dust barriers (including double barrier air Iocks
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at entrances and exits) separating construction from occupi ed areas,
protection of air distribution systens serving occupi ed areas, and

di sinfection of any reused ductwork. Designers should consult with the
facility’s infection control representative during the design process to
assure thorough coordi nation of design features that may affect patient
wel f are.

8.8.6.4 Construction Phasing Plan. Designers shall devel op a phasing
pl an, consisting of detailed witten instructions as well as any

graphi c/drawi ng ai ds necessary to clearly conmuni cate the content,

| ocation, and sequence of work activities. The plan shall identify the
scope, duration, and timng sequence of each individually identifiable work
item with all required |l ead-in, preparatory, and conmi ssioning activities.

8.8.6.5 Conmi ssi oni ng Consi derations. Mdre so than in new, stand-alone
facilities, off the shelf guide specifications fall short of providing for
all of the required conm ssioning procedures. |n particular, designers

shal |l show and specify the procedures required for interim as well as
final, conm ssioning for systens constructed (or altered) and placed in
operation segnentally.

8.8.7 Cooling and Heating Load Cal cul ati ons.

8.8.7.1 Heating Load Cal cul ation. Calculations used for determination
of primary and airside (including reheat) heating equi pment shoul d not
include credit for internal |oad sources, including Iighting, people, and
equi prent. These | oads are typically not present, or are much reduced, at
ni ght and on weekends. Heat cal cul ati ons should al so take into

consi derati on norni ng warnup | oads when ni ght setback tenperatures are
utilized in non-ward areas.

8.8.7.2 Equi pnent Heat GCeneration. In many spaces within facilities,
the primary conponent of cooling |oads will be equi pment heat generation
It is therefore necessary for accurate |oad determ nation that the HVAC
desi gner coordi nate on a project-by-project basis with the equi pnent
designer, and with the individual Using Agency, to identify all individua
equi prent itenms and the corresponding |oad contributions. To estinmate

equi prent usage duration and frequency, designers shall gather information
fromthe Using MIlitary Departnent, or if unavailable fromthat source the
manuf act urer, personal experience, or other sources. Determ ne average

heat output from manufacturer’s information. |In perforning |oad
cal cul ati ons, designers shall consider the as-designed equi pment provisions
of each uni que space. “Rules of thumb” |oadi ng assunptions are not

acceptable for final design calcul ations.

8.8.7.3 Li ghting Loads. Lighting |oads present a significant component
of medial facility cooling |oads and as such require consideration of the
as-designed lighting fixture nunbers and characteristics of each space.
“Rul es of thumb” lighting | oad assunptions are not acceptable as the basis
for final design |oad cal cul ations.

8.8.7.4 Envel ope Conponents. M ninuminsul ation values for building
envel ope conmponents are listed in Section 7 of this manual. U value
cal cul ations shall take into consideration the “fin effect” of netallic
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el ements of wall and roof construction, as for exanple the effect of stee
studs in walls which may as much as halve insulating effectiveness of batt
i nsul ati on.

8. 8. 8. Pi pi ng Systens.

8.5.8.1 Pi pe Routing. Piping distribution systenms should be routed
above corridors whenever practicable, to mnimze | eaks, mmintenance
i ntrusion, and noise in occupied areas of the nmedical facility.

8.8.8.2 Ther mal Expansi on. Designers are responsible for designing al
aspects of piping systens necessary for the control of thernal expansion
and for showi ng the necessary control features on design drawi ngs. This

i ncl udes showi ng and di nensi oni ng as applicable, the approxi mate | ocations
of gui des, anchors, expansion ells and offsets, and flexible couplings, as
wel | as any other piping features which may affect expansions forces in the
pi ping. The intent of this requirement is to assure that this critica
aspect of piping design is acconplished by the qualified nmechanica

engi neer selected for the project design, and not by a construction
contractor of unknown engineering ability or qualification. |In the case of
direct-burial (ie., pipe within a pipe) underground heat distribution
systems, engineering of the expansion conpensation features by the system
manuf acturer may be preferred or necessary. Designers shall design piping
systenms such that piping expansion forces are isolated from equi prent.
Desi gn Agents shall provide that contractor’s shopdraw ng | ayout draw ngs
of hot piping systens are reviewed by the designer or by an equally

conpet ent engi neer representative of the government.

8.8.8.3 Steam and Condensate Piping. Steamin excess of 20 psig shal
not be distributed in above-ceiling areas of a nedical facility, or in
utility corridors or chases adjacent to normally occupi ed spaces unl ess
substantial concrete, masonry, or metal protective barriers are provided.
Desi gners shall show the required direction and degree of |ine slope on
drawi ngs, and shall provide and show the | ocations and details of drip
traps and ot her drainage features.

8.9 HVAC System Control s

8.9.1 Energy Conservation. To the extent conpatible wi th nedical
functional requirenments and |ife-cycle cost effectiveness, energy-
conserving controls and features shall be utilized in the HVAC design.
Such strategies include but are not linited to econonizer cycle, alternate
ener gy sources, night setback or set-up (for non-24 hour operations),
exhaust air energy recovery, conpressor heat recovery, and ventilation
delay. Refer to Section 7, Energy and Water Conscious Design, of this
mlitary handbook for nore detailed treatnent of energy consci ous design
requirenents.

8.9.2 Tenperature Control. Individual roomtenperature controls
shall be provided for all Critical spaces, Sensitive spaces, Patient
Bedr oons, and Laboratories, to closely maintain the room conditions
provi ded at Appendix A Zoned tenperature control shall generally be
utilized for other spaces within the facility.
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8.9.3 Control Precision. Tenperature controllers shall maintain space
tenperature within +/- 1.1 °C (2 °F) of design setpoint, as provided for

t he individual spaces at Appendix A. The sumer and wi nter design
setpoints normally differ. For some spaces, a tenperature range is given
as the summer, or winter, interior design condition in lieu of a specific
tenperature setpoint. The HVAC system for such spaces shall be designed
with the capability, under design conditions, to maintain any sel ected
tenperature within that range.

8.9.4 Humidity Control .

8.9.4.1 Humi dity controls shall be provided as necessary to neet the
requi renents given for individual spaces at Appendix A. Humidity controls
for Critical and Sensitive areas shall be provided on a room basis.
Humidity controls for all other spaces may be provided on a zone or system
basis as determined to be sufficient to maintain the required conditions.
Note that for spaces for which precise relative hunidity requirenments are
not stated, humidity controls may be required to nmaintain an envel ope of
30%to 60% RH during normally occupi ed hours; for such spaces, designers
shall determine the likely interior RH based upon outside air conditions
and interior latent loads. Hunidifiers are problematic froma maintenance
st andpoi nt, and should not be utilized except when analysis indicates that
RH will drop below 30% for significant ambunts of tine.

8.9.4.2 Hum di fyi ng Equi prent. Air handling system humi dification shal
be achieved utilizing direct steaminjection, with a steam source in
accordance with 8.10.1. Designers are responsible to designate the

| ocation of steaminjectors relative to ductwork and air handling unit
conponents, and so design themas to mninze concerns with noisture
collection in/on the downstream el enents. Provide a minimumof 3 M (10 ft)
of straight ductwork, with no takeoffs, reducers, duct lining, or other
conponents, immediately downstream of the injection location; If this
separati on space is not avail able, the design engineer shall provide a
det ai | ed design, considering duct di nensions, airflow velocity and
psychronetric condition, and nunber and | ocation of injection orifices,

wi th necessary instructions to the construction contractor, to naxim ze the
probability of npisture reevaporation before inpact w th downstream

el enent s.

8.9.4.3 TrimHunmidification for Critical Spaces. For a ninimm
di stance of 2M downstream of trimhum difiers serving critical spaces,
ductwork shall be constructed of stainless steel or aluminum |In addition

the humidifier shall be separated a mininum4.5 M upstream from hi gh
efficiency final filtration; when this separation cannot practicably be
achi eved, a detailed design for the hunmidifier shall be provided as
addressed at 8.9.4.2.

8.9.5 Digital Electronic Controls. HVAC control systenms shall be of
the digital electronic type, utilizing either a direct digital contro

(DDC) or the Corps of Engineers Single Loop Control System (SLC), according
to the direction of the Using Agency for the particular project. Wen a
Usi ng Agency deternines that conmunication between a facility' s DDC system
and a renote Energy Management and Control System (EMCS) is required to
facilitate mai ntenance, the design shall assure that the DDC systemis
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seanm essly conpatible with the EMCS system DDC systens shall provide
distributed control, with individual equipnment digital controllers
(“applications specific controllers” or sinilar termnol ogy) capable of
st and- al one control of mmjor equipment, and conmunicating with a centra
nmoni toring/reporting/ station as appropriate.

8.9.5.1 Energy Monitoring and Controls Systems (EMCS) . No renote EMCS
system (ie., not located in the nedical facility or its associated energy
plant) shall be permitted to exercise control over any hospital HVAC system
equi prent providing service to Critical Care Spaces. Renpte EMCS systens
may be provided with nmonitoring, alarm and reporting capabilities as
necessary to facilitate maintenance activities.

8.10 St eam Syst ens.

8.10.1 Hum di fication Steam Source. Steam generated by heating system
boil ers, or any other steam containing harnful concentrations of amines or
other treatment chemcals, shall not be used for space humidification
Separate steam generators for hum dification shall be provided. The design
shall include provisions to minimze the effects of system corrosion
resulting fromthe heating of undeoxygenated wat er

8.10.2 Sterilizer Steam Source. Steam generated by boilers located in
an on-site (hospital-dedicated) boiler plant may be utilized for
sterilization steam subject to approval by the individual mlitary
department. As hospital authorities cannot normally exercise a reasonabl e
degree of supervision or control over treatnent chenmicals utilized in base-
wi de or district systems, steam fromthese sources may not be utilized for
direct sterilization. Unlike humdification steam which is injected

directly into the air supply, little sterilizer steamw || escape into a
facility’s general environment. Under a reasonably responsible boiler
treatment program any steam which does escape will not result in

dangerously high levels (OSHA RELs, etc.)of treatnment chemicals in the
envi ronnent .

8.10.3 Desi gner Qualifications. Projects involving the design of

ext ensi ve nmedi um or hi gh pressure steam systens require the services of
engi neers highly experienced in this specialty. Too often, experience has
shown that nechani cal designers unfanmiliar with steam system design err in
t he desi gn of expansi on conpensati on, condensate collection and handli ng,
and equi pnent sel ection. Design Agents must insist on proper
qualifications for designers of these systens.

8.11 Air Handling and Distribution
8.11.1 Air Handling Unit Considerations. Air handling units are to be
double wall, internally-insulated, readily maintainable units suitable for

utilization in nedical facilities. Drawthrough units are nornally
preferred, to utilize fan heat to increase the dry bulb air tenperature
above the saturation point and mnimze the possibility of wetting
downstream filters, attenuators, or other components. Provide for access
doors inmedi ately upstream and downstream of all coils, to facilitate

cl eaning and proper installation of the unit freezestat.
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8.11.2 Syst em Shut down Capability. To the extent practical and cost

ef fective, non-critical, non-bedroom area HVAC systens shall be designed to
permt shutdown (night setback/setup, outside air shutdown) of individua
areas or departnents not in operation on a 24-hour basis. Ventilation of
toilets, battery vaults, and other normally-exhausted spaces shall be
continued w thout interruption as warranted.

8.11.3 Qutdoor Air Intakes. CQutdoor air intakes shall be |ocated as
far as practical, but not less than 9000 mm (30 ft), from exhaust outlets
of ventilation systens, cooling towers, conbustion equi pnent stacks,

medi cal / surgi cal vacuum systens exhaust, plunbing vent stacks, energency
gener at or exhaust, or from areas which may col |l ect vehicul ar exhaust and
ot her noxious funes. Locate the bottom of air intakes serving central
systens as high as practical but not |less than 2400 nmm (8 ft) above ground
level, or if installed above the roof, at |east 900 nm (3 ft) above roof

| evel . Qutdoor air shall not be drawn from equi pnent roons. Designers
nmust utilize judgenent in the |ocation of contam nant exhausts, and not
simply apply the “9M rul e” without further consideration of wind direction
and velocity, building geonetry, and characteristics of the contam nant
stream Appropriate consideration shall be given to prevailing w nd
direction, summer and/or wi nter as applicable; however designers are
cautioned not to rely on prevailing wind direction(s)as a primary factor in
t he avoi dance of intake contam nation. |In particular, use extrene caution
in locating outside air intakes in proximty to parking areas, anbul ance
garages, |oadi ng docks, exhaust air outlets, and equi pnent stacks. Were
appropriate, Design Agents will provide in individual project design
instructions for special conputational fluid dynanics (CFD) or w nd tunne
nodel i ng to provide greater assurance of the correct |ocation of outside
air intakes.

8.11.4 Bal anci ng Provi sions. Duct branches serving each individua
space shall be provided with a manual bal anci ng danper, accessible above
the ceiling, located as remote fromthe space supply or return fixture
(diffuser, register, etc.) as practicable. The bal anci ng danper provi ded
as part of air diffusers is not to be used for system bal anci ng.

8.11.4 Noi se Control. MNoise Criteria (NC for individual rooms and
spaces in the facility are provided at Appendix A of this docunent.

Addi tional and detailed information and requirenments of buil ding noise
control are addressed at Section 23, Acoustics, of this mlitary handbook

8.11.4.1 Room Br eakout. The HVAC designer shall coordinate with the
architectural designer to control equi pnent noise passing from mechanica
roons into adjacent spaces through the surrounding walls or partitions.

8.11.4.2 Crosstal k. The conprom sing of patient privacy by transm ssion
of audi bl e speech fromone roomto another via ductwork is of great concern
in nmedical facilities, and shall be addressed by HVAC desi gners.

Exani nation roonms, physician's offices, and toilets require the designer’s
particular attention. Ductwork connecting adjacent roons nust have the
necessary attenuating characteristics to elimnate audi bl e speech

transm ssion. Typically this is addressed by the provision of well-
separated “takeoffs” and/ or several duct elbows in the intervening ductwork
or, in nore extrene instances, attenuative lining; Due to the indoor air
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quality concerns associated with the latter, internal duct Iining should be
avoi ded when possible and may not be used in inpatient areas.

8.11.4.3. Air Fixtures. Air distribution supply, return, and exhaust
fixtures (diffusers, grills, etc.,) shall be sized to provide air
inlet/outlet velocities consistent with room NC | evel requirements as
provi ded at Appendix A Designers nmust be aware that diffuser

manuf acturer’s published noi se characteristics are based upon idealized
inlet conditions: crinkled flex duct, abrupt branch duct connections,

el bows located i mediately at the diffuser collar, and sinilar poor
connections may result in unacceptable noise levels. Spin-in or other 90
degree duct drop connections to diffusers shall be equi pped with equalizing
grids as necessary to assure uniformair distribution at the diffuser
inlets.

8.11.4.4 Air Velocity. Designers shall limt air velocities in ductwork
(see additional guidance below), air transfer grills, or door undercuts to
val ues consi stent with ASHRAE recomendati ons to control noise generation

8.11.4.5 VAV/ CAV Ternminal Units. Variable Air Volune Term nal units and
constant velocity controllers are a frequent source of noise generation in
air distribution systens. Designers shall specify or schedule units with

m ni muminlet sizes for incremental ranges of flow, and shall indicate
maxi mum sound power output for each unit, at the maximuminlet static
pressure which the designer anticipates that the unit will be exposed to.

If integral sound attenuating devices are required, these shall be
i ndicated for the respective termnal unit(s) is specs or draw ng
schedul es.

8.11.4.6 Exteri or Noi se Sources. Designers shall evaluate the sound
characteristics of exterior equi pnent provided as part of the project
design (such as cooling towers, energency generators, etc.) to assure that
such sources do not result in interior noise |levels exceeding linitations
provi ded in Appendix A

8.11.5 Duct Design. Duct systems shall be designed in accordance with
ref erences 8a, 8b, 8e, and 8. Maxi mumvelocity in ductwork mains shall not
exceed 760 M m (2500 fps), and velocities in branch ducts and takeoffs
shal |l not exceed recomended |levels in these standards. Ductwork plans
shall indicate the static pressure class required for sealing and

rei nforcement for all types of duct. Access panels shall be provided as
necessary for access to fire danpers, snoke danpers, and control equipnent,
and to facilitate periodic cleaning or disinfecting of ductwork. All
supply air, with the exception of air transferred between spaces for the
pur pose of pressurization, shall be provided in sheet netal ductwork.

8.11.5.1 Non Corrosive Ductwork Material. Ductwork installed downstream
of high efficiency final filters (90% or greater, see Appendix A) or trim
hum difiers, serving critical spaces, shall be of stainless steel, or

al umi num including all accessories such as danpers, fasteners, and turning
vanes. This provision does not apply for ductwork downstream of high
efficiency filters when these are located at the air handling units
(filters noted in the “internediate” colum in Appendix A). Exhaust ducts
for glass washers, dishwashers, and cart washers shall be non-corrosive and
shal | have sol dered or welded joints and shall be pitched to drain.
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Ductwork for |aboratory equipnent is covered el sewhere in this section

8.11.5.2 Return Air Plenuns. Corridors shall not be used as return air
pl enuns in any portions of facilities. Exceptions allowing transfer air
for toilets and janitor's closets, as provided in NFPA 90A and 101,
(references 8d and 8h) shall be permitted. Utilization of above-ceiling
areas as return air plenuns shall not be permitted in inpatient or
critical-care areas of facilities. Utilization of above-ceiling areas for
return or exhaust air in portions of facilities not classified as
heal t hcare occupancy is di scouraged but may be considered on an individua
proj ect basis when justified by overriding cost or vertical space
constraints.

8.11.5.3 Duct lining. The utilization of duct lining materials is
general ly discouraged in all medical facilities. These materials may

har bor dust and moisture, providing an ideal environnent for the
propagati on of pathogenic or noxi ous mcroorganisns. In addition

i nevitabl e duct nodifications or careless installation procedures lead to
breaks in the duct lining sealer. Factory fabricated sound attenuators,
packed type, which conply with ASTM C1071 and UL 181, shall be used in lieu
of duct lining to attenuate fan noi se, when practicable. Duct lining,
where pernmitted, shall also nmeet the requirenents of ASTM C1071 and UL 181
No duct lining materials which are porous to the airstreammay be utilized
in any air distribution system serving inpatient diagnostic, treatnment, or
bedroom areas (including all Critical spaces); factory fabricated sound
attenuators with liners which resist noisture penetration of the acoustica
packi ng material may be utilized for these applications.

8.12 Mai nt enance Provi si ons.

8.12.1 CGeneral Personnel Access. Safe and practical neans of

personnel access must be provided to, and within, all areas of the facility
where equi pnent is |ocated, to adequately provide for operation

mai nt enance, and replacement (O&M of the equi pnent. Access to equi prment
rooms fromoutside the facility should be provided where feasible. Wthin
equi prent roomnms, a mnimmof 0.75M (2.5 ft) (of clearance is generally
required at all service points to nechani cal equi pnent to all ow adequate
personnel access and worki ng space. The design of O&M personnel accessways
shoul d not provide less than 1.7M (5.5 ft) of overhead cl earance (except on
intermttent basis), or require personnel to clinmb over equiprment or craw
on hands and knees. Wen rooftop air handling units are provided,
coordinate with the architectural designer to provide pavers or other
personnel access pathways which will not damage the roof.

8.12.2 Equi pnent C earances. M ni mum cl earances between el ectrica

and nechani cal equi pnent shall be as required by NFPA 70, (reference 8m
Assure that practical means are provided for the renoval /repl acement of the
| argest and/or heavi est equiprment item(s) located in the facility. Provide
adequate pull space for all coils, heat exchangers, chillers, boiler tubes,
and filters. Sufficient space shall be provided in above-ceiling areas to
facilitate equi pnent installation and &M  For buil ding designs utilizing
interstitial floor distribution zones, further guidance is provided at
Section 19.
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8.12.3 Suspended/ Mount ed Mechani cal Equi prent. \Were suspended and
nmount ed equi pnent is installed, provide a mnimmof 1700 mm (67 in) of

cl earance for headroomas required. |In refrigeration equipnent roons,
provi de overhead cl earances required by ASHRAE 15, (reference 8j). For any
work station or location requiring maintenance access, which is not readily
accessible froma 1800 mm (6 ft) high portable |adder, provide a fixed

| adder and/or catwal k.

8.12. 4 Air Distribution System Conponents. Qutdoor air intake
pl enuns, air handling unit casings, and distribution ductwork shall be
designed to pernmit access for periodic cleaning or disinfection

8.12.5 HVAC System Bal anci ng Provi sions. Adequate access shall be
provided to facilitate operation, adjustment, and testing at all HVAC

bal anci ng and measuring points and equi prent, including automatic and
manual danper operators, air terminal units, pilot tube ports, valves, and
sensi ng devi ces.

8.13 Vi bration Control. All prime noving equi pment shall be isol ated
to prevent transm ssion of vibrations to the structure. Additiona

i nformati on and requirenents addressing vibration control are contained at
Section 23, Acoustics, of this military handbook

8.14 I nterdisciplinary Coordi nation

8.14.1 Fire Protecti on Features.

8.14.1.1 Snoke and Fire Danpers. HVAC service zones should be designed
to coincide with snmoke zones whenever practicable. Ductwork penetrations
of fire/snoke rated walls should be nminimzed, to mininize the required
nunber of snoke/fire danpers and conplexity of controls. Coordinate with
the architectural design to assure that necessary access for inspection or
service of these danpers is provided.

8.14.1.2 Ductwork. Air supply and exhaust systems shall be of the
mechani cal ventilation type and shall nmeet the requirenents of NFPA 90A and
96, (references 8d and 8e). |If used, duct lining materials shall neet the
snoke generation and flane spread linmitations as required by M L-HDBK-1008,
(reference 8p). G ease-laden vapor exhaust ductwork shall be in accordance
wi th NFPA 96.

8.14.1.3 Snoke Mbde Operation . Air handling and distribution systens
shall react to the detection of snoke in accordance with NFPA 101 and 90A
Where required by NFPA 101, NFPA 99, or ANSI Al7.1, snoke evacuation or
venting features shall be provided.

8.14.1. 4 Conmi ssi oni ng of Fire/ H/AC Systens. (Cuide specifications
typically do not contain provisions for the simultaneous testing of HVAC
and fire protection systens, which can have conpl ex, interwoven operationa
requirenents in sone facilities. For each project where applicable,
designers shall develop or nodify specifications as needed to provide for
testing of HVAC systems under fire alarmconditions, to pernit verification
not only of correct function, but of acceptable speed of response. In
nore conpl ex systens invol ving snoke evacuation or
conpartnental i zati on/ pressuri zation, detailed testing protocols and/or
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system di agrams nust be devel oped to clearly convey the required scope of
t he conmi ssioning effort.

8.14.2 Energency El ectrical Service.

8.14.2.1 Capacity. The HVAC system equi pment serving Critical areas
shal |l be connected to the essential electrical power system to assure
service continuation in the event of normal power disruption, in accordance
with the requirenents of NFPA 99 (reference 8c). Cooling, as well as
heating, shall be maintained to Critical areas in the event of normal power
out age.

8.14.2.2 Conmi ssi oning. Service guide specifications do not adequately
address testing requirements for HVAC Enmergency Power System ( EPS)

i nteroperability. HVAC systens connected to the EPS nust be shown to
function as intended under conditions of normal power interruption

Testing of the EPS nust be conducted in conjunction with any components of
the HVAC systemrequired for support; For exanple, thernostatically
operated | ouvers nay be required in emergency generator roons for makeup
air, generator radiator cooling may be a function of such HVAC conmponents
as punmps or cooling tower, etc. Testing nmust verify the actual connection
of HVAC equi pment to the EPS in accordance with the design foll owi ng nornal
power outage, in the priority sequence established by the design

Desi gners shall supplement or nodify guide specifications to assure that
such verification testing is adequately detail ed and descri bed.

8.14.3 Sei smic Design Requirenents. Refer to Section 6 for seisnic
provi sions for the HVAC system equi pnent and conponents. Designers shal

be responsible to assure that seisnmic bracing of HVAC piping is coordi nated
by design with thermal expansion conpensation features, to allow for the
necessary pipe novenent wth tenperature changes.

8.14.4 Desi gn Coordi nati on. Designers are responsible to coordinate
the HYAC with the electrical, communications, architectural, and structura
aspects of the design to assure that equi pment can reasonably be installed
by a contractor providing equi pnent, and follow ng installation procedures,
within the terms of his contract. For this reason, designers are
instructed to base equi prent room and distribution space designs upon
spati al envel opes (including maintenance cl earances) which will accomvbdate
any of at |east three manufacturers of mmjor equiprment. Routes of ductwork
and pi ping must be carefully coordinated with other elenments, considering
requi red slope, insulation, bracing, reinforcenent, slope, and mmi ntenance
access. This practice in no way infringes on or substitutes for the
construction contractor’s responsibility, to be defined in project
specifications, to coordinate the installation work of all trades and to
provi de detail ed shopdraw ngs showi ng the proposed construction; Rather, it
assures that the contractor will be able to achieve his goal without the
necessity of additional design work

8.14.4.1 Equi pnrent Roons. To assure adequate coordination, designers
nmust consider not only the HVAC equi pment, but the work requirenents of
other trades. Assure adequate clearance around air handling units to
permt bolting the units together and securing themto their housekeeping
pads, neanwhile providing space for the general contractor to install wal
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partitions. Consider the l|ocations of plunbing and nedi cal gas equi prent.
Assure it will be possible for maintenance workers to access all controls,
el ectrical panels, valves, and instrumentation. Be aware of NEC cl earance
and vertical dedicated space requirenments for electrical equipnent.

Coordi nate ductwork, outside air plenuns, etc. with the |ocations of
[ighting.

8.14.4.2 Above-ceiling Plenuns, and Chases. Designers nmust anticipate
the worst case insulation, duct reenforcenment, equipment support, sl ope,
and fitting characteristics associated with ductwork and piping

di stribution systens, and be careful to coordinate the |ocation of these
systems with other equipnent, including in particular cable trays and
lighting fixtures with their vertical access/cl earance space requirenents.
Assure that access space is considered for danper operators, |ow point
steam drip assenblies, VAV terninal units, reheat coil controls and

i nstrumentation, service valves, and access doors for ductwork for cleaning
or danper inspection.

8.15 Fuel Storage Requirements. Refer to Section 6 of this
docunent, Seism c Design, for fuel storage requirements for facilities in
seismc threat regions. Additional fuel storage guidance for boiler plants
shall be obtained fromthe individual service criteria

8. 16 Ventilation Design

8.16.1 Ventilation Air Changes. M ninum air change rates for each
space, for both outside air and total air, are provided at Appendi x A
Ventilation rates contained i n ASHRAE St andard 62-89 (reference 8qg) shal

be applied for spaces or applications not addressed by Appendi x A. Based
on the nunber of occupants identified for each space, calculate the outside
air requirements of ASHRAE 62-89 and conpare to the rates given in Appendix
A, utilizing the nore stringent figure in the design. The nini mum out si de
air change rates in Critical Care Spaces shall be maintained at all tines,
except as addressed el sewhere in this Section for Cperating and Delivery
Roons during periods of non-use. Reduced outside air ventilation in
noncritical areas may be considered during non occupied tinmes. In
addition, a Corrected CQutside Air Ratio, calculated in accordance with
ASHRAE 62-89 section 6.1.3.1, may be applied for non-critical spaces. The
outside air ratio for non-critical high-occupancy spaces, including

cl assrooms, waiting rooms, auditoriumnms, and conference roonms, may be
adjusted in accordance with the provisions of ASHRAE 62-89 Section 6.1.3.4.
when the maxi mum occupancy peaks for a duration of |ess than three hours.

8.16.2 Ceneral Exhaust Provisions. Exhaust systens shall be provided
for Central Sterile Decontam nation(Ethyl ene Oxide), aninmal hol ding areas,
aut opsy/ nor gue spaces, |aboratory funme hoods, radioisotope hoods,

bact eri ol ogi cal cabinet, kitchens, laundry, toilets, isolation roons,

equi prent roonms, and other areas as noted in Appendix A or as designated on
an individual project basis. No duct system conveying potentially

hazar dous exhaust (ETO |ab hoods, etc.) shall be connected with a general
or toilet exhaust system Al exhaust discharge outlets shall be | ocated
above the building roof line and | ocated to prevent short-circuiting to air
i ntakes or other building openings. Exhaust fans shall be |ocated at the
end of the exhaust duct run (exhaust ducts to be under negative pressure).
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8.16.3 Space Pressurization. The required pressurization of

i ndi vi dual spaces, relative to adjacent spaces or corridors, is indicated
at Appendix A. Wiere a negative or positive pressurization are required
for a given space, that pressurization shall be nmaintai ned by the HVAC
system under all conditions of operation, including periods of reduced
ventilation or night setback

8.16.4 Laboratory Ventilation. Exit corridors shall not be utilized
to directly supply or exhaust air fromthe | aboratory, although "transfer"
of air to/fromcorridors may be utilized to establish required room
pressurization. Negative pressurization of |aboratories in relation to
surroundi ng occupanci es shall be maintained under all conditions of HVAC
system and fume hood operation

8.16.4.1 Exhaust Systens. Laboratory equi pnent utilized for personne
protection from hazardous chemi cal, nicrobiological, or radioactive

ai rborne particles or gases shall be provided with independent exhaust
systems in accordance with NFPA 99, (reference 8c). Exhausts from genera
chemical |aboratory fune hoods | ocated within a |aboratory unit nay be
conbined into central exhaust systens in accordance w th guidance in
references 8c and 8g. Exhausts from hoods handling perchloric acid or

ot her strong oxidizing agents, materials or agents requiring HEPA
filtration, or exhausts which, when conbined, chenmically interact or change
the explosion/ignition limts, may not be conbi ned. Additional guidance
for hood and exhaust design is contained at references 8a, 8b, 8c, 8g, 8§j,
and 8qg. Exhaust duct discharge height shall be above the building

recircul ation cavity boundary. |In all cases exhaust discharge shall have
sufficient stack height, velocity, and distance from buil di ng openi ngs,
outside air intakes, or recirculating air currents, to preclude reentry
into the building. Air velocity in exhaust ductwork shall be sufficient to
transport the contam nant vapors, fumes, dusts, or other particulate natter
for which the funme hood(s) is designed.

8.16.4.2 Laborat ory Fune Hoods, Ceneral. Fume hoods shall be located in
areas of mnimal air turbul ence, away from doors, w ndows, and traffic, to
m nimze disruption of required sash airflow HVAC systenifume hood
controls shall be designed such that operation or shutdown of any fume hood
in a given space will not disrupt the required roomair bal ance or the
requi red sash airflow at other hoods operating in the space. GCenera

pur pose | aboratory funme hoods that control personnel exposure to chenicals
and physical contam nants shall have a mini num sash face velocity of

0.508 ms (100 fpn). Fume hoods shall be provided with audible and vi sua
alarns to indicate i nadequate sash airfl ow conditions.

8.16.4.3 Radi oactive Material /Radi oi sotope Hoods. Duct systens serving
hoods for radioactive material shall be constructed of acid resistant type
stainless steel for their entire |l ength. Ductwork shall be flanged with
neoprene gasketed joints to facilitate dismantlement for decontamni nation
Fume hood exhaust shall remain in constant operation, and shall be
filtered with carbon and/or HEPA filters as required to neet Nucl ear
Regul at ory Conmi ssion (NRC) requirenments. The location of filters in the
system shall be chosen to best facilitate their safe renoval, disposal, and
repl acenent by mai ntenance personnel. All filters shall be automatically
nmonitored to provide indication that changeout is required. All hoods
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shall conmply with requirenments of the Nucl ear Regul atory Conmi ssion

8.16.4. 4 Canopy Hoods for Prosthetic Dental Laboratories. Canopy hoods
for Prosthetic Dental Laboratories, and exhaust ductwork extending for a
di stance 3000 nm (10 ft) downstream fromthe hood connection, shall be
fabricated of material which is corrosion resistant to the caustic funes
emanating from boil -out tanks and casting activities conducted in the

| aboratory.

8.16.4.5 Bi ol ogi cal Safety Cabinets (BSCs). Cass, Type, and | ocation
of BSCs shall be as directed by the using agency. Class Il BSCs are
provided with HEPA filtration of recirculated air and/or building exhaust,
and are provided in such areas as M crobiol ogy and Mycol ogy. The required
open door/sash face velocity for Class | and Class Il Type A BSCs shall be
0.381 ms (75 fpm, and for Class Il Types Bl, B2, and B3, shall be 0.508
ms (100 fpm. For further information of biological safety hood d ass,
Type, application, and exhaust requirements, refer to references 8a, 8r

8s, and 8t.

8.16.4.6 Perchl oric Acid Hoods. Hoods for handling of perchloric acid
and ot her strong oxidizing agents, and the associ ated exhaust ductwork,
shall be constructed of stainless steel. Internal water spray systems
shal |l be provided for hood and all ductwork to facilitate the periodic
washdown. Joints shall be wel ded and ground snooth, and all ductwork
pitched back toward the hood to facilitate drainage. Mre detailed

gui dance is provided by the ACA H publication.

8.16.4.7 Cont ai nnent Laboratories BL-3 and BL-4). These |aboratories
deal primarily with indigenous or exotic agents which nay cause serious or
potentially |lethal disease as a result of exposure by inhalation. The HVAC
design for these | aboratories shall assure the continuous negative
pressurizati on and exhaust of the space. The exhaust air fromthese spaces
shall not be recirculated to any other area of the building, but shall be
transported through dedi cated exhaust ductwork to be directly discharged to
the outside of the building. Design of BL-3 and BL-4 | aboratory exhausts
shall conply with latest editions of OSHA and ot her Federal regul ations.

8.16.5 Exhaust Canopi es. Exhaust canopi es shall be provided for

equi prent or appliances generating high heat or noisture (stean) | oads,
such as gl assware washers, boilout tanks, drying ovens, sterilizers, and
stills, as required. 1In sone cases, specially designed canopy hoods nay be
necessary to control personnel exposure to hazardous chem cal vapors.
Canopy hood design shall conply with the AC@H data for "Canopy Hood"
(reference 8b).

8.16.6 Lam nar Fl ow Cl ean Benches. These horizontal flow hoods shal
be used in pharmacy for preparing intravenous fluids and simlar |aboratory
processes. Cean benches recirculate roomair and do not require exterior
air supply or exhaust systens.

8.16.7 Bench- Back Sl ot Hoods. Slot hoods are typically built into the
wal I behind | aboratory benches to exhaust vapors, gases, and odors that are
released with little energy or velocity. Typical applications are

| aboratories, brace shops, and other spaces in which volatile chenicals are
routinely used. Design of these hoods shall be in accordance with ACA H
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guidelines, wth a slot velocity of 10.2 ms (2,000 ft/mn).

8.16.8 Port abl e Bench- Top Hoods. Portable hoods with glass view ng
panels and interior lighting may be used to control chemni cal contan nants
of minor toxicity and odors. They shall be attached to built-in exhaust
outlets with flexible ducts. Each built-in exhaust system outl et shal
provide a mninmumof 0.0755 n¥/s (160 cfm or a face velocity of 0.38 nis
(75 ft/mn) at the hood, whichever provides the maxi rum mass flow of air.
The exhaust duct opening shall be provided with a blast gate and sealing
plug to stop air flow when the unit is not in service.

8.16.9 Wast e Anesthesia Gas Exhaust (WAGE). In each space utilized
routinely for the adm nistration of inhalation anesthesia or anal gesic
agents, a Waste Anesthesia Gas Exhaust (WAGE) di sposal system for renoval

of waste anesthetizing gases shall be provided, designed in accordance with
NFPA 99. Coordi nate required system vacuum pressure and termnal fittings
with using Mlitary Departnent Anesthesiology and Oral Surgery Departnents
on an individual project basis.

8.16. 10 Medi cal Equi pnent. See Section 16 of this military handbook
for special ventilation requirenments of nedical equipnent.

8.16.11 Et hyl ene Oxide. Sterilizers, aerators, manifold roons, and

di sposal systens shall be directly exhausted to the outside by a dedicated
exhaust system ETO storage and supply systems and ventil ati on design
shall be in accordance with 29 CFR 1910. 1047, Section 16 of this nanual,
and the latest industry guidance. Ventilation provisions currently include
such features as exhaust inlets above and bel ow sterilizer door, waste

wat er di scharge, and floor drain. Ventilation of bottle storage roons is
al so required. An audible and visual alarmshall be provided to warn of

|l oss of airflow in the exhaust system |Increasingly, local and state

regul ations prohibit or linit the discharge of ETO to the environnent.
These shall be considered applicable to DOD nmedical facilities, and in such
cases the design shall utilize ETO "scrubbers" or other approved
technol ogi es to prevent or reduce ETO enissions as required.

8.16.12 Kitchen Hoods. Exhaust hoods in the kitchen area are to be the
type utilizing 80 percent unconditioned air and havi ng an exhaust rate of
not less than 0.0022 n¥/s per square neter (50 cfm per square foot) of face
area. Face area is defined for this purpose as the open area fromthe
exposed perineter of the hood to the average perineter of the cooking

surf ace. If economically justified, hood makeup air should consist of up
to 80% outside air tenpered, through heat recovery equi pnent, by the
exhaust. Equip all hoods over the cooking service equipnent with fire

ext i ngui shment systens, automatic washdown and grease extractors, and
heat - actuated fan controls. C eanout openings, and required fire
protective encl osures and separations, shall be provided in horizontal
exhaust duct systenms serving these hoods grease hood exhaust ducts in
accordance w th NFPA 96.

8.17 Patient Isolation Room Design. Isolation roons consist of

Di sease Isolation and Protective Isolation roonms. The former is intended
for the patient suffering froma known or suspected infectious disease, and
is provided with engineering controls which assist in preventing the spread
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of the disease fromthe room Protective Isolation roons are provided for
the patient having an i mune system deficiency, and require engi neering
controls to assist in the protecting the patient from contam nation from
outsi de the bedroom Roons shall be one or the other, and not “sw tchable”
from di sease isolation to protective isolation function, or vice versa.

| sol ati on Bedroons shall be provided with pressure-nonitoring alarnms and
gauges nounted on the outside corridor wall; when a central DDC contro
operators station is provided, the alarmshould in addition be connected to
that system

8.17.1. Di sease Isolation Bedroons. Disease |Isolation bedroons shall be
designed to incorporate requirenments and gui dance contained in the

Cui delines for Preventing the Transm ssion of Mycobacterium Tuberculosis in
Health-Care Facilities (the TB CGuidelines), published in the Federa

Regi ster Vol. 59, No. 208, 28 Oct 94 (or latest edition thereof). These
rooms shall be negatively pressurized and exhausted to the outside, and
provided with the minimumtotal and outside air change rates (12/2,
respectively) referenced at Appendi x A. Exhaust ductwork from the bedroons,
the associated toilet, and the anteroom (if provided) shall be “dedicated”
in the sense that the system may serve only the bedroom suite or other

di sease isol ation bedrooms. This exhaust system shall be connected to the
bui | di ng energency power system Bedroom suites shall be supplied by air
systems provided with constant-volune control and neasuring term nal units
whi ch automatically maintain the supply air flowate setpoint to each
space. Exhaust systens shall be constant vol une systens maintaining a
fixed exhaust flow rate for each space. When bedr oom exhaust is |ocated
such as to prevent reentrai nment into outside air intakes or other building
openi ngs, HEPA filtration of the exhaust is not required.

8.17.1.1 Exi sting Facilities. 1In existing facilities, only those

bedr oons designated by the facility specifically for use as Tubercul osis

| sol ati on Bedroons are required to be designed in accordance with the TB
Cui del i nes referenced above. TB Isolation Bedroons shall be negatively
pressurized and exhausted, and shall be provided with 12 air changes per
hour if econonically or physically practicable. Wen not practicable to
achieve this air change rate, TB Isol ati on Bedroons shall have a mi ni num of
6 air changes per hour, to be supplenmented by HEPA filter or Utra Violet
Germicidal Irradiation (U/GA) systens specifically designed for TB Room
applications and providing the equivalent of an additional 6 air changes
per hour. Fixed-in-place HEPA filtration units are preferable to portable
units, and upper-level WA systens are preferred over duct-nounted units,
to enhance reliability. Room exhaust shall be conducted to the outside of
t he buil di ng; when designed to avoid reentrai nment into outside air intakes
or other building openings, HEPA filtration of the exhaust is not required.

8.17.1.2 Isolation Suite Relative Pressurization. Wen an anteroomis
provided for the isolation bedroom interposing between the bedroom and
corridor to provide a “buffer” airspace for additional protection, there
are several recognized desi gn approaches for corridor-anteroom bedroom
relative pressurization. A recommended design is to provide for the
anteroomto be under negative pressure relative to the corridor, and
positively pressurized relative to the bedroom

8.17.2 Protective Isolation Bedroons. The air supply to the
protective isolation bedroomsuite shall be constant flow and shall be
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provided with HEPA filtration. 15/2 total and outside air changes,
respectively, are required for these bedrooms. As with disease isolation
bedroons, there are several recognized approaches to the relative corridor-
ant er oom bedr oom pressurization; A recomended approach is to establish
the anteroom positively pressurized relative to the corridor, and
negatively pressurized relative to the bedroom

8.17.2.1 Exi sting Facilities. Wen upgrading existing protective

i sol ation bedroonms to this criteria, 15/2 air changes per hour shall be
provided if economcally and physically practicable. Wen inpractical,

t hese bedroonms shall be provided with a mininmumof 6 total air changes per
hour and suppl enented by HEPA filtration or WA systens to provide the
equi val ent of 15 air changes.

8.17.3 Di sease Isolation Examor Waiting Roons. Disease isolation
exam or waiting rooms shall be provided with a mninumof 12 total air

changes, as provided in Appendix A, wth the roomair exhausted to the

out si de.
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