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FOREWORD

\\
The Unified Facilities Criteria (UFC) system is prescribed by MIL-STD 3007 and provides
planning, design, construction, sustainment, restoration, and modernization criteria, and applies
to the Military Departments, the Defense Agencies, and the DoD Field Activities in accordance
with USD(AT&L) Memorandum dated 29 May 2002. UFC will be used for all DoD projects and
work for other customers where appropriate. All construction outside of the United States is
also governed by Status of forces Agreements (SOFA), Host Nation Funded Construction
Agreements (HNFA), and in some instances, Bilateral Infrastructure Agreements (BIA.)
Therefore, the acquisition team must ensure compliance with the more stringent of the UFC, the
SOFA, the HNFA, and the BIA, as applicable.

UFC are living documents and will be periodically reviewed, updated, and made available to
users as part of the Services’ responsibility for providing technical criteria for military
construction. Headquarters, U.S. Army Corps of Engineers (HQUSACE), Naval Facilities
Engineering Command (NAVFAC), and Air Force Civil Engineer Support Agency (AFCESA) are
responsible for administration of the UFC system. Defense agencies should contact the
preparing service for document interpretation and improvements. Technical content of UFC is
the responsibility of the cognizant DoD working group. Recommended changes with supporting
rationale should be sent to the respective service proponent office by the following electronic
form: Criteria Change Request (CCR). The form is also accessible from the Internet sites listed
below.

UFC are effective upon issuance and are distributed only in electronic media from the following
source:

e  Whole Building Design Guide web site http://dod.wbdg.org/.

Hard copies of UFC printed from electronic media should be checked against the current
electronic version prior to use to ensure that they are current. /1/

AUTHORIZED BY:

_Lﬁ__g On MQ_C—\W
DONALD L ASHAM P.E.

: LJAMES W WRIGHTL P.E.

Chief, Engineering and Construction f Engineer
U.S. Army Corps of Engineers Naval Facilities Engineering Command
: .E. . Y, P.E.
he Deputy Civil Engineer ctor tallations Requirements and
DCS/Installations & Logistics Management
Department of the Air Force Office of the Deputy Under Secretary of Defense

(Installations and Environment)
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CHAPTER 1
INTRODUCTION
1-1 PURPOSE AND SCOPE. This UFC is comprised of two sections.

Chapter 1 introduces this UFC and provides a listing of references to other Tri-Service
documents closely related to the subject. Appendix A contains the full text copy of the
previously released Military Handbook (MIL-HDBK) on this subject. This UFC serves as
criteria until such time as the full text UFC is developed from the MIL-HDBK and other
sources.

This UFC provides general criteria for the design of chemical warfare
hardening of new military facilities.

Note that this document does not constitute a detailed technical design,
maintenance or operations manual, and is issued as a general guide to the
considerations associated with the design of chemical warfare hardening of new military
facilities.

1-2 APPLICABILITY. This UFC applies to all DoD agencies and contractors;
Army service elements should also use the references cited in paragraph 1-3 below.

1-2.1 GENERAL BUILDING REQUIREMENTS. All DoD facilities must comply
with UFC 1-200-01, Design: General Building Requirements. If any conflict occurs
between this UFC and UFC 1-200-01, the requirements of UFC 1-200-01 take
precedence.

1-2.2 SAFETY. All DoD facilities must comply with DODINST 6055.1 and
applicable Occupational Safety and Health Administration (OSHA) safety and health
standards.

NOTE: All NAVY projects, must comply with OPNAVINST 5100.23 (series), Navy
Occupational Safety and Health Program Manual. The most recent publication in this
series can be accessed at the NAVFAC Safety web site:
www.navfac.navy.mil/safety/pub.htm. If any conflict occurs between this UFC and
OPNAVINST 5100.23, the requirements of OPNAVINST 5100.23 take precedence.

1-2.3 FIRE PROTECTION. All DoD facilities must comply with UFC 3-600-01,
Design: Fire Protection Engineering for Facilities. If any conflict occurs between this
UFC and UFC 3-600-01, the requirements of UFC 3-600-01 take precedence.

1-2.4 ANTITERRORISM/FORCE PROTECTION. All DoD facilities must
comply with UFC 4-010-01, Design: DoD Minimum Antiterrorism Standards for
Buildings. If any conflict occurs between this UFC and UFC 4-010-01, the requirements
of UFC 4-010-01 take precedence.

1-3 REFERENCES. The following Tri-Service publications have valuable

information on the subject of this UFC. When the full text UFC is developed for this

subject, applicable portions of these documents will be incorporated into the text. The
1-1
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designer is encouraged to access and review these documents as well as the
references cited in Appendix A.

1.

US Army Corps of Engineers
Commander

USACE Publication Depot
ATTN: CEIM-IM-PD

2803 52nd Avenue
Hyattsville, MD 20781-1102
(301) 394-0081 fax: 0084

karl.abt@hqg02.usace.army.mil

USACE TL 1110-3-490, Design of
Chemical Agent Collective Protection
Shelters for New and Existing
Facilities, 13 May 1998

USACE TL 1110-3-498, Design of
Collective Protection Shelters to Resist
Chemical, Biological, and Radiological
(CBR) Agents, 24 February 1999

http://www.usace.army.mil/inet/usace-docs/

1-1
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The military requires that operations in mission-critical shore facilities
are protected in the event of an attack with chemical weapons. This collective
protection will afford a shirt-sleeve environment within the critical spaces
in order that p 1 ma work unhampered by individual protective equipment

equipment. ThlS handbook prov
chemically hardened facility. Criteria included are chemical, archltectural,

structural, mechanical, and electrical. The criteria are presented to permit

design of facilities for any given number of personnel. Recommended architec-
tural plans and illustrative examples are included to aid the designer.
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FOREWORD

This military handbook has been developed from an evaluation of facilities in
the shore establishment, from surveys of the availability of new materials and
construction methods, and from selection of the best design practices of the
Naval Facilities Engineering Command (NAVFACENGCOM), other Government

agencies, and the private sector. This handbook was prepared using, to the
maximum extent feasible, national professional society, association, and
institute standards. Deviations from these criteria, in the planning,
engineering, design, and construction of Naval shore facilities, cannot be
made without prior approval of NAVFACENGCOMHQ Code 04

Design cannot remain static any more than can the function it serves or the
technologies it uses. Accordingly, recommendations for improvement are
encouraged and should be furnished to Commanding Officer, Naval Civil
nnnnnnnnn Al e b o= s T2Nn ™A 0nant . PR rd ne
Dllg.l.llt:EL_l_llg Laporawory, wvoae LoV, rorut nueneme, UA 7o3VU405, celepnone (ouUd
982-5743,

N

THIS HANDBOOK SHALL NOT BE USED AS A REFERENCE DOCUMENT FOR PROCUREMENT OF
FACILITIES CONSTRUCTION. IT IS TO BE USED IN THE PURCHASE OF FACILITIES
ENGINEERING STUDIES AND DESIGN (FINAL PLANS, SPECIFICATIONS, AND COST
ESTIMATES). DO NOT REFERENCE IT IN MILITARY OR FEDERAL SPECIFICATIONS OR

AMIITII MINAMTIN TIAST AT Ty /T T2 2T T ey

UIlHEK FKUUUKLEMENTI DUCUMENILS.
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SECTION 1 INTRODUCTION
1.1 Scope. This handbook shall be used for the engineering design of

new chemically-hardened military facilities. It provides information for the

designer of the facility in the area of chemical/biological and mixed-muni-

tions attack hardening of buildings. At the present this handbook is based
11

ralone nd/or uce . o mdldtars carvicas and
upon design criteria de'veluycd aud/w used b_y the U.S military services and
the private sector The design criteria in this handbook will be revised or

expanded as new information becomes available through experience and research
or products and procedures. The contents include chemical threat consider-
ations, and architectural, structural, mechanical, and electrical design
criteria unique to chemical warfare protection.
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CUREMENT OF FACILITIES CONSTRUCTION. IT IS TO BE USED IN THE PURCHASE OF
FACILITIES ENGINEERING STUDIES AND DESIGN (FINAL PLANS, SPECIFICATIONS, AND

COST ESTIMATES). DO NOT REFERENCE IT IN MILITARY OR FEDERAL SPECIFICATIONS OR
OTHER PROCUREMENT DOCUMENTS.
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Drotectlon will afford a hlrt sleeve environment within the critical spaces
in order that personnel may work unhampered by individual protective equip-
ment.

Typical shore facilities requiring collective protection in opera-

tions spaces are:

Sy

Communications Centers
b) Command-Control-Communication (C3) Posts

c¢) Squadron Operations/Briefing Spaces

b

Tonnra Daontasva

e) Photography laboratories intelligence material
f) Explosive Ordnance Disposal (EOD) Research spaces

g) Micro-miniature electronic repair facilities (avionics) and
calibration laboratories

h) Flight line clinics and branch hospitals

i) Buildings housing special operations, on a case-by-case basis
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This handbook addresses only the design features unique to chemical/biological
and mixed-munitions warfare protection. To arrive at a complete and integrated
design, the conventional military design guidelines and applicable building
codes must be followed conjunctively.

1.3 Special Considerations. This handbook differentiates between chemical/
biological hardening and conventional weapons hardening (blast protection) of
shore facilities. If design requirements stipulate chemical/biological harden-
ing only, most of the structural criteria guidelines in this handbook may be
ignored. However, it must be emphasized that any threat is likely to be mixed-
munitions, i.e., the chemical attack will include conventional explosive weapons.
The design threat referred to in the Structural Section will have to be stipu-
lated by the appropriate command.

1.4 Definition of Acronyms. The following are definitions of acronyms
listed in this Handbook:

AC Hydrogen cyanide

acm Air changes per minute

ADP Automated data processing

AL Airlock

AP Armor piercing

ASHRAE American Society of Heating, Refrigerating, and Air Conditioning
Engineers

ASTM American Society for Testing and Materials

C3 Command - Control - Communication

CB Change booth

CBR Chemical, biological, and radiological

CCA Contamination control area

CCTV Closed circuit television

CDMP Central data monitoring panel

cfm cubic feet per minute

CFR Code of Federal Regulations

CG Phosgene

CK Cyanogen chloride

CMR Clean mechanical room

CT Concentration time

Ccw Chemical warfare

DIF Dynamic increase factor

DMR Dirty mechanical room

DWDI Double-width, double inlet

DX Direct expansion

EOD Explosive ordnance disposal

fpm feet per minute

GB Sarin

GD Soman

HD/L Mustard/lewisite

HEPA High efficiency particulate air

HOB Height of burst

HVAC Heating, ventilating, and air conditioning
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IPE Individual protection equipment

LC Limited-combustible

LHA Liquid hazard area

LSS Life support system

mph miles per hour

NATO North Atlantic Treaty Organization
NAVFAC Naval Facilities Engineering Command
NC Normally closed

NFPA National Fire Protection Association
NO Normally open

psi pounds per square inch

psig pounds per square inch gauge

R Range

Iy Ultimate unit resistance in psi, for slabs and 1b/in. for beams
R/C Reinforced concrete

SWSI Single-width, single inlet

TFA Toxic free area

TGD Thickened Soman (GD)

THD Thickened mustard

TIR Total indicator reading

TNT Trinitrotoluene

UPS Uninterruptible power supply

USAF United States Air Force

VHA Vapor hazard area

W Weight

we Water column

wg Water gauge

1.5 Related Technical Documents. The following documents will have to

be obtained to effectively use this Military Handbook.

American Concrete Institute (ACI), P.0O. Box 19150, Detroit, MI 48219

ACI 318-86 Building Code Requirements for Reinforced
Concrete

American Society of Heating, Refrigerating, and Air Conditioning Engineers
(ASHRAE), 1791 Tullie Circle, N.E., Atlanta, GA 30329

ASHRAE 1988 Handbook - Fundamentals

ASHRAE 1988 Handbook - Equipment

ASHRAE GRP-158 Cooling and Heating Load Calculations Manual

ASHRAE STD-55-1981 Thermal Environmental Conditions for Human
Occupancy

Army Armament Research and Development Center, Large Caliber Weapon Systems
Laboratory, Dover, NJ 07801

ARLCD-SP-84001 Structures to Resist the Effects of Accidental
Explosion, Volume III
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National Association of Plumbing Heating - Cooling Contractors {(NAHPCC),
180 S. Washington Street, P.0.Box 6808, Falls Church, VA 22046

National Standard Plumbing Code

American Society of Plumbing Engineers (ASPE), 3617 Thousand Oaks Boulevard,
No. 210, Westlake, CA 91362

Special Systems Volume

Building Official and Code Administrators International, 4051 W. Flossman
Road, Country Club Hills, IL 60477

International Association of Plumbing and Mechanical Officials, 5032 Alhambra

Avenue, Los Angeles, CA 90032

Uniform Plumbing Code

National Fire Protection Association (NFPA), Batterymarch Park, Quincy,
MA 022689

NFPA No. 70 National Electric Code

NFPA No. 90A Standard for the Installation of Air

Conditioning and Ventilating Systems

NFPA No. 90B Standard for the Installation of Warm Air
Heating and Air Conditioning Systems

Naval Facilities Engineering Command reports available from Naval Publications
and Forms Center, 5801 Tabor Avenue, Philadelphia, PA 19120

DM-3 Series Mechanical Engineering

DM-3.01 Plumbing Systems

DM-3.03 Heating, Ventilating, Air Conditioning, and
Dehumidifying Systems

MIL-HDBK-1004/1 Preliminary Design Considerations

MIL-HDBK-1004/4 Electrical Utilization Systems

DM-4.07 Wire Communication and Signal Systems

MIL-HDBK-144 Engineering Design Handbook for Air Cleaning

for Chemical Demilitarization

MIL-HDBK-1008A Fire Protection for Facilities
Engineering, Design, and Construction

&~
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MIL-HDBK-1013/1 Physical Security of Fixed Land-Based
Facilities
MIL-HDBK-1190 Facility Planning and Design Guide
P-397 Structures to Resist the Effects of Accidental
Explosions
Naval Facilities Engineering Command Guide Specifications are available from
Naval Publications and Forms Center, 5801 Tabor Avenue, Philadelphia, PA 19120
NFGS-16202 Diesel Electric Generators (Design 1)
NFGS-16203 Diesel Electric Generators (Design 2)
NFGS-16204 Diesel Electric Generators (Design 3)
NFGS-16205 Diesel Electric Generators (Design 4)
NFGS-16208 Diesel Engine Generator Set
NFGS-16402 Interior Wiring Systems
NFGS-16760 Intercommunication System
Plumbing and Drainage Institute (PDI), 5342 Boulevard Place, Indianapolis,
IN 46208
PDI-WH201 Water Hammer Arrestors
Sheet Metal and Air Conditioning Contractors' National Association (SMACNA),
P.0. Box 70, Merrifield, VA 22116
SMACNA HVAC Duct Construction Standard - Metal and
Flexible

"Theory of Plates and Shells," by S. Timoshenko and S. Woinowsky-Krieger, 2nd
edition, New York, McGraw-Hill, 1959.

Underwriters Laboratories (

wn
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SECTION 2: CHEMICAL THREAT

2.1 Introduction. The Soviet Union' s announced official policy with
regard to the use of toxic chemicals in warfare coincides with the official

. : " . 11
United States position of "no first use However, the reported use of chemical

warfare agents by the Soviet forces in Afghanistan and Soviet allies in Yemen,
Laos, and Kampuchea demonstrates Soviet policy and willingness to use chemicals
in conventional (non-nuclear) wars.
The true intentions of the Soviet Union were exposed 1
key members of the Soviet intelligence service, and revealed the nature and
extent of Soviet prepara £
er

a) The Soviets consider highly toxic agents to be ''one of the most
powerful means of destroying the enemy under modern combat conditions."

b) If hostilities should erupt, the Soviet Army would use chemical
weapons against its opponents. The political decision had been made, and
strategic military planners have developed a doctrine which permits the com-
mander in the field to decide whether to use chemical weapons and when and
where

c) Chemical shells and missiles are considered just ordinary weapons
available to the military commander to be used routinely by him when the situ-
ation calls for it.

d) The commander of the Army (front) makes the decision to use
chemical weapons.

e) One of the most important uses for chemical missiles will be the
destruction of the enemy's nuclear-strike capability.

f) Operational situations in which chemical weapons could be used to
the greatest advantage, and the precautions required to prevent casualties to
friendly troops, were pointed out to the military commanders
2.2 Definition of Terms. The term chemical, biological, and radiological

warfare, "CBR Warfare'" is often used without realizing that these three agents
are totally different kinds of agents, and have uniquely different effects on
people. The three types of warfare are defined as follows:

a) Chemical Warfare (CW) agents are chemicals which are intended for

use in military operations to kill, seriously injure or incapacitate man because
of their physiological effects. Other chemicals such as riot control agents,

herbicides and smoke and flame materials are also used in war.

b) Biological Warfare (BW) agents are microorganisms which cause
disease in man, plants or animals or cause deterioration of material. This
also includes toxiﬁs, naturally made by microorganisms or genetically engineered
by man, which also produce disease in man

o2}
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The same procedures, equipment, and systems provide protection from
all three types of airborne antipersonnel agents (CBR).
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Chemical Agent Characteristics. The objective in employing chemical
is to cause personnel casualties and de ny the use of terrain by mass
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2.3.1 Nonpersistent Agents. Nonpersistent agents include those with com-

paratively low boiling points and correspondingly high volatility; these agents
turn into ( ) "y When a munition containing nonpersistent
gen 1
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sipation speed deoend on met on a
rent chemical warfare nonperSLStent agents includes hydrogen cyanide (AC),
Sarin (GB), cyanogen chloride (CK), and phosgene (CG). These nonpersistent
agents injure personnel through the respiratory system. In cold weather these
agents, such as GB, can be persistent.

2 2 9 Paracigtant Acanta PDargiatant acanta hawva o L:-L hAatldemns nAdnd n
oo I & iTClolotllilL nxyYcliiio. 1 TCiLOIlOoLEllL asc 1LD l1rave a l.lel UUJ..LJ.]I& PU.L l‘—’ aiLce
characteristically less volatile (they do not vaporize very readily). These
agents present a threat of increased duration because they can remain slowly

evaporating from contaminated surfaces. The persistence of agents can be
enhanced by adding a few percent of plasticizer to the agent; this is called
agent thickening. Persistent agents include: mustard/lewisite (HD/L),

thickened mustard (THD), Soman (GD), thickened GD (TGD), and nerve agent VX.
The persistence of the agent depends on several factors other than the agent
itself. Such factors are winds, temperature, weather, and the nature of the
contaminated surface. The rate of evaporation of a liquid agent from a sur-

face is increased by higher wind velocities and temperatures. The agents
persist much longer on cold Northern surfaces than the hot surfaces of the
tropics. The persistent agents remain on site for several hours in the summer
to several days or weeks in the winter.

2 L
PARR

2.4.1 Nerve Agents. Nerve agents do their damage by inhibiting the pro-
duction of cholinesteras and, thus, interfering with neural transmission within
the sympathetic nervous system. Cholinesterase deactivates acetylcholine, the
enzyme that transmits neural impulses across synapses. In general, nerve agents
are fast acting and deadly. Their action is similar to that of pesticides

against insects Death results from cessation of breathing due to excessive
stimulation of the autonomic nervous system. Routes of toxicity for nerve
agents include inhalation of vapor, dermal exposure to vapor and liquid, and
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ocular exposure. The latter results in miosis, an excessive contraction of
the eye's pupil resulting in "pinpoint pupils,” even if only small quantities
of the agent are present. Other symptoms include dimness of vision, excessive
alivation and persplra io and breathing difficulty. GB

i 1 it

hough the vapor concentrations
are not likely to reach as high a level as those of GB. The Soviets are known
to possess both GB and GD. It has been reported that an entire German chemical
agent production facility was captured by the Russians during World War II,
after which it was dismantled and moved in its entirety behind the Iron Curtain.
The Soviets are also thought to have a thickened agent very much like thickened
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2.4.2 Blood Agents. Blood agents inhibit the cytochrome oxidase system,
thereby interfering with the transfer of oxygen to the cells. It is the oxygen
deprivation of the cells that causes death. Hydrogen cyanide is the most pro-
minent of this class of agents, but it is difficult to weaponize efficiently.
It is, however, a potent agent for nonpersistent applications by a spray tank
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2.4.3 Vesicants. Vesicants cause their damage in liquid or

1
causing blistering and tissue destruction on the skin or in the eye on contact.
Damage also occurs in the lungs when the agent vapors are inhaled. If a suf-
ficient quantity of agent vapor is inhaled, death results from pulmonaryaedema.
With severe exposure, death usually occurs from 7 to 14 days after exposure.

The ma_]or problem is the 1engtn and 1nten51ty of medical care requ1rea for
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nature of this effect and the delayed death make this agent an especially feared

threat and one against which pr ecautlons should be taken. Mustard is a partic
ular threat in this category. It is low in volatility and, under certain condi-
tions, can persist for long periods of time. Furthermore, it can be thickened
so that it is even more difficult to remove than in an unthickened condition.

Lewisite is less toxic than mustard and, although it decomposes in the presence
of water, the intrinsic toxicity of the arsenic is retaine
2.5 Objective of a CW Attack. The objective of a CW attack determines

the type of agent an enemy is likely to use. An attack with persistent chemical
agents is likely if the intent of the enemy is to deny the use of critical
equipment, facilities, or terrain for long periods of time. Such an attack
might be directed against stationary centers of intense military activity,

such as Naval bases and airfields. An attack with a nonpersistent agent could
B S I, PSSR T L R R e I S S T MR e S ) P [ SR J T ! e
De usea OoOIf dI ampIriipious &bdelL peacrineaa witn tne goali LO proauce casudaivies
immediately. In order to continue to maintain a high level of casualty produc-
tion with a nonpersistent agent, repeated attacks would be necessary

2.6 Delivery Means. Chemical agents may be delivered to a base by any

of the four following delivery means:

a) Aircraft spray tanks
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b) Artillery and mortar shelis

d) Aerial bombs

Unlike conventional weapons, chemical weapons are used primarily to be effec-
tive against living targets. The advantage of their use occurs in the killing

or degradation of efficiency of personnel. Only a slight amount of incidental
damage may be expected from the small quantity of high explosive used in most
chemical munitions. Through the use of these multiple delivery systems, Soviet
or Soviet-equipped and trained forces could initiate and sustain large-scale

CW operations in either a conventional or conventional-nuclear conflict. Their
doctrine emphasizes using chemical weapons in close coordination with conven-
tional and nuclear weapons to capitalize on the attributes of each. The threat
of CW is as great to the rear area as it is to forces operating in the main

—A Y

DBLLle areds.

2.6.1 Liquid Chemical Contamination Concentration. A Soviet chemical weapon
is expecEed to disperse liquid agents at a chemical contamination concentration
of 5 g/m” over a horizontal surface area.
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Chemical Hardening. To be effectlve agalnst man, all chemlcal agents
t gain entry into the bo
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quate protectlon can be prov1ded M111tarv personnel w111 be subiect to such
a contaminated environment and will be required to use and incorporate the
individual protection equipment (IPE).

2.7.1 Persistent and Nonpers istent Chemical Agents. A chemically-hardened
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agents. Shelter operation need not be drastically affected by the presence of
nonpersistent agents because once the vapor cloud has passed, shelter opera-

tions return to normal. The use of persistent agents, however, greatly hampers
operations even after the original chemical cloud has passed because the sur-
faces contaminated with the persistent agent continue to release vapor (sec-
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a military fac ility is to prov1de a tox1c free environment in wh1ch m111tarv
personnel can rest, eat, satisfy their physiological needs, replace their pro-
tective clothing, and/or for sheltering communications, command, and control
personnel and equipment. The chemically hardened facility must provide a toxic

free environment in which all requlred functions and procedures may be pertormed
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The max&mum contamination level in the toxic free area shall not
exceed 5 mg-min/m~ over a period of 12 hours. In the decontamination station
(contamination control area), specifically in gne vapor hazard area, the con-
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NOTE
To gain entrance into the chemically-hardened facility, personnel must follow
strict decontamination procedures while passing through the decontamination
station called "Contamination Control Area,” which is an integral part of the
chemically hardened faciliity.
on Proc
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es The personnel decontamination prnnadnrnc

out the U.S. military services. U.S. Air Force (USAF) personnel doff and store

their IPE while Navy personnel cut and discard the outer protective garment of

the IPE. It is believed that in the near future the Navy will follow the USAF'

procedures and will also store the outer protective garment. If this does

occur, then the CW shelter ae51gner must dedicate space in the CCA for outer

..... + 4 )
garment storage \OECLLOH 3.
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Part A
Code Decompo- Average
Name Chemical Military FP/BP sition Lethal
- Synonyms - . o MR
Name 7 y Employment (C) Temp Dosage
Us USRR () (mg-min/m™)
AC | R2 | Hydrogen Prussic Lethal -14/26 | 65.5 v w/c?
cyanide acid
hydro-
cyanic
acid
BZ Diphenyl 3-Quinu- Incapacitant
(fhudsrave) PR RV R tal
\YGroxy) Ci1iGinyu
acetic acid, | benzilate
3-quinucli-
dinyl ester
CG Phosgene Carbonyl Lethal 800 3,20Q
chloride (c)~
[ Cuvannoan Tathal -7/717 100 1 100
AN UJ QiR TIL T LLIIO L LAV A g ERVAV J.’ PR VAV
chloride
CN a-chloro- Phena- Harassing 54/244 Stable 11,000
acetophenone | cylchlo- to GP
ride
CS a-chloro- o-chloro- Harassing 93/310 25,000
benzyli- benzal-
denemalonic malono-
acid, nitrile
dinitrile
CX Phosgene Dichloro- Harassing 39/53
oxime formoxime
DC Diphenyl Clark 1 Harassing 447307 300 15,000
chloroarsine
DC Diphenyl Clark 2 Harassing 30/290 300 10,000
cyanoarsine
continued

11
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Chemical Agent Characteristics

art A
alv

(Continued)

Code
Name

Chemical
Name

Military
Employment

FP/BP
(°c)

Decompo-
sition
Temp

s

(%)

Average

Lethal

Dosage
(mg~-min/m™)

%]

"
e

[
T

GA

GB R35

M
v}

M

Type

Torn=-S

1N-ch
v

CiliaviUTS,

10-dihydro-
phenarsa-
zine

Chioro-
formic acid,

AL Aiiava

methyl ester

Ethyl
Dimethyl-
phosphora-

Aatan

uacc

Isopropyl
methylphos-
phonofluori-
date

2-2-44 -
Qi

[ A |

methyl-2-
butyl
methylphos-
phonofluori-
date

Alkyl ester
of alkyl-
phosphono-
fluordic
acid, or
alkyl ester
of dialkyl-

Diphos-
gene

Tabun

Sarin,
zarin

SAaman
SUIG 3

zoman

Lethal

Lethal

Lethal

>410

W
(]
[«]

130

15,000

QN
~ Q
L

a4

40

100

[,
[\

continued
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Part A
Code Decompo- Average
Name Chemical Svnonvms Military Fg/BP sition Lethal
Name ynony Employment (©C) Tgmp Dosage
uUs USRR (¢ (mg-min/m™)
H R74 Bis (2- Sulfur Lethal 14/227 199-177 | Inhalation-
chloro- mustard, 1,500 ab-
ethyl yperite sorption-
sulfide) 10,000
HL | RK7 See H, and L |Mustard- Lethal
lewisite
mixture
HN-3 Tris (2Z- Nitrogen Lethal ~4/144 <144 Inhalation-
chloro- mustard 1,500 ad-
ethyl) sorption-
amine 10,000
L R43A | Dichloro(2- Lewisite Lethal -18/190 100 Inhalation-
chloro- 1,200 ab-
vinyl) sorption-
arsine 100,000
PS Trichloro- Chloro- Harassing 64/112
nitro- picrin
methane
V- O-alkyl S- Lethal
Tryrrn N_A2 A1
1ypc £TUlalky1l-~
aminoethyl
ester of
alkylphos-
phonothioic
acid
.4 O-ethyl S- Lethal
2-diisonro-
2-diisopro
pylamino-
ethyl methyl-
phosphono-
thioate
VR55 Lethal
continued
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Table 1

Chemical Agent Characteristics

Part B

Code
Name

USRR

Average

Incap.

Dosage
(mg-min/m™)

Rate o
Action

Duration of
Effectiveness

Agent Action
On Materials

Decontaminants

>
(]

BZ

CK

CN

70
o

v w/ct

>

1,600 D 3 hr

AH

7,000 A

e d)
<
>

Short (min

N

Short (min)

Short (min)

Short

sol

- Dissem-
inated as aero-

None

None when
dry. Acidic
and cor-
rosive when
wet

None

o124
D.I.J.Sllbl
corrosive
to steel

<

None required
under field
conditions -
aeration

tions

Personnel -
soap/water wash
Material - Hy-
pochlori
alcohol-
or detergent

wash and scrub

+nn
“ <
-cai
rgen

None required

aeration.
drolysis by
rain and
vegetation

Hy-

None required
indar £ialAd

UliuuciL La1Taina

conditions.
Low rate of
hydrolysis
under field
conditions

o>

eration, soda
ash soln. or
alcohollc caus-
tic soda. Not
readily hydro-
lyzed

[y
£~

PRI U ~d
LollL Liluecu
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n

Rate o
Action

Duration of
Effectiveness

Agent Action
On Materials

Decontaminants

DC

DM

Dbp

G
:

30

22

1,600

w
(o]
(o]

bEg

D 3 hr
AH

o>

Short (min)

Short - Dissem-
inated as aero-
sol

Short - Dissem-
inated as aero-
sol

Short
inated as aero-

- Dissem-

Slightly
corrosive
to steel

None when
dry

None

Metals act
as cataly-
zers to con-
vert to CG

A
nolie

Aeration,
water

None required in
field. Caustic
soda or hypo-
chlorite for
gross contami-
nation. Rapid
hydrolysis whe
finely divided

o Q

None required

in field. Alkali
solution or DS2.
Siow hydroiysis
None required
in field. Hy
pochlorite or
DS2. Rapid hy-
drolysis when in
aerosol form

in field. Line
steam, ammonia,
aeration

soapy'water

—
(%]
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Table 1

Chemical Agent Characteristics (Continued)

Part B
Code Average
Name Incap. Rate of Duration of Agent Action | . . . o
Dosage Action” Effectiveness On Materials | 77

Us USRR | (mg-min/m™)

GB 75 A 10 min - 12 hr Slightly Hypochlorite,
corrosive dilute alkali
to steel solution DS2.

Steam and am-
monia. Hot
soapy water

GD A 1-2 days Slightly Hypochlorite,
corrosive dilute alkali
to steel solution DS2.

Steam and am-
monia. Hot
soapy water

H R74 200 in eye | D 4 hr 1-2 days Slightly Hypochlorite,

2,000 ab- corrosive DANC solution,
sorption to steel M5 ointment,
10,000 fire, DS2
HN-3 Eye inj.- D 4 hr 1-2 days None when Hypochlorite,
200-adsorp- dry DANC solution
tion-2,500 fire, DS2
M5 ointment
L R43A | Eye inj. - A 1-2 days None when Hypochlorite,
300 absorp- dry DANC solution
tion-1,500 fire, DS2, M5
ointment, rapLd
hydrolysis

V- Hypochlorite,

Type DANC solution,
DS2 solution

1

“A - very rapid.

AH - very rapid only at high concentration.

D

- delayed at low concentration.

“V W/C - varies with concentration.

3C - cumulative.
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3.1 Introduction. This section ) 1e criteria fo ic
hardened facilities. If protection crite ia also includes the threat
conventional weapons, the section on structural requirements will supplement
and, in some instances, modify the information presented in this section.

The essential components of a chemically protected facility are:

R
®
H
F-L
)
o
o
o+
>
o

o1 e N rea

A structure with strictly controlied infiltration/exfiltration.

)
Ay

=2
N

A contamin or decontamination of in-

c) A filter-air blower system that provides uncontaminated breathing
air, overpressurizes the operational areas, i.e., toxic free area (TFA) and
creates a purging airflow through the CCA.

d) The TFA is the pressurized, clean-air space accessed and exited
via the airlock and CCA which permits personnel to work and rest without
wearing individual protective equipment.

e) Life sustaining facilities and amenities such as chemical
toilets, emergency water supplies, and food stuffs sufficient to support
personnel for 7 days.

For a description of the individual facility components, refer to Section 5.
3.2 Design.

3.2.1 Site Selection and Site Preparation. Where possible, chemically-
hardened facilities should be sited at maximum distance from tactical targets
(runways, aircraft aprons, pier facilities, or industrial areas). Sites should
be upstream of the prevailing winds on the station. Depressions and stagnant
ailr locations are to be avoided. The individual site should be well drained
and the ground sloped away from all exterior building surfaces. Landscaping

features like trees, shrubs, or bushes should be kept away from buildings a
minimum of 10 feet (3.05 m) to facilitate natural ventilation around the struc-
ture, and to prevent nearby local accumulation of agents. It is preferred to
install concrete pavement around the building to provide drainage away from

the structure.
3.2.2 Planning and Layout of Chemically-Hardened Facilities. The planner
should bear in mind that rooms with mission critical functions often require

maintenance support for critical equipment. For instance, in the case of com-
munication centers, terminal and cryptographic equipment maintenance functions
are essential. These support activities should be housed in the chemically-

By

hardened bu11d1ng Functions of avionics maintenance requ1r1ng toxic-free

___________ =Ll . — PR, : a ] Qe ~ P S ~ e 1YY . e md o o
environment should be consolidated in one structure Intelligence operations
should be consolidated with their own photographic processing laboratories

17
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3.2.2.1 Specific Layout Considerations. The layout of spaces in a chemically-
hardened facility requires an unconventional approach. Since these structures
must function in a normal or peacetime environment for most of their useful

life, it is required that chemical protection features like CCAs, airlocks,
and chemical filtration equipment not be subjected to the normal, day-to-day
wear and abuse of foot traffic operation and maintenance. The CCA and airlock
should be adjacent to the toxic-free operational spaces and kept in a standby

status. The peacetime main entrance and lobby spaces are designed to be blocked
and sealed prior to chemical attack, when the CCA becomes the main entry point.
This arrangement will also facilitate compliance with existing life safety
codes (see Paragraph 3.3.1
han CMR itionin
a y e locate

2. 09
O o
0 Q

=

T ) ho
mao oamnrxr Y. "““f\
Vi) =3 6@‘[\41 w \1 -Ly
o the toxi av long, vulnerable duct and utility run
to provide immediate access. Interior spaces should be integrated and arranged
to achieve a building with a rectangular floor plan. Interior corners in the
building facade are to be avoided as they create unacceptable blast loads and

allow chemical vapor accumulations.

ot O
t >-1

3.2.2.2 Operational and Noncritical Functions. By necessity, some buildings
will house both operational and noncritical functions such as administrative
and supply support. Where these noncritical spaces exceed 50 percent of the

total net floor space of the building, they should be consolidated and put
into a part of the structure not to be chemically hardened, since it will not
be cost-effective to protect the noncritical spaces. Provisions will be made

in the design to effectively seal off the mission-critical spaces from the
nonoperational area by choice of different construction materials for parti-
tions, finishes, doors, hardware, gaskets, mechanical and electrical systems,
and by variation of partition heights and ceiling continuity.

In geographical areas where basement construction is traditional, or
when a building is sited on a slope, critical spaces should be located in the
basement or lowest floor level possible. Various examples of conceptual layout
configurations are shown in Figure 1.

3.3.1 Exterior Construction. Exterior walls shall be substantial, either
of reinforced concrete or reinforced concrete masonry construction with all
cells grouted. Exterior surfaces shall be sealed with compatible coatings to
produce a smooth finish that is both resistant to chemical agents, as well as
decontamination agents. Roofs shall be of substantial construction, well-

drained without parapets.

3.3.1.1 Windows. In chemically-hardened facilities, the installation of
windows should be avoided. Where it is necessary to install windows for opera-
tional reasons, they should be provided with metal shutters. Windows should

be in metal frames with vertical and horizontal mountings to keep the

18
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Figure 1
Conceptual Layout Configurations
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size of any 51ngle glass area to a max1mum 75 in (0. 048 m ) Glazing shall

3.3.1.2 External Doors. The number of exterior doors shall be kept to a
minimum. The main entrance, CCA exterior doors, and mechanical room doors
should be single, metal type in metal frame, and solid core construction.

Size shall be adequate to permit access for mechanical equipment. Weather
stripping shall be butyl rubber to provide an effective seal when closed. For
mixed-munitions hardened facilities, blast doors shall be installed to protect

UUUL opell .IJI,&D

One emergency exterior or interior door from the TFA is required.
In the event that the TFA represents 100 percent of the building, then either
install one exterior blast door at the back side of the building (3.28 feet
(1 m) wide by 3.28 feet (1 m) high) located just below the ceiling, or use the

dirty mechanical room's exit door as an emergency exit door.

3.3.1.3 External Utility Openings. Other necessary exterior openings into
the protected area like makeup air grills to the chemical filter system shall
be protected by blast attenuating shields. These barriers may be steel plate
(7/8-inch (22. 23 mm) thick) or equivalent reinforced concrete. Their instal-

lation shall permit access for maintenance. Typical entrance arrangements are
shown in Figure 2.

3.3.2 Interior Construction.

ISR AP § (AL 121 LuO 13 L0url Mmallil QIel8s. “i1c QLal 19¥ 1

change booths (CB), vapor hazard area (VHA), and airlocks (AL). Figure 3
details a typical CCA. Walls and partitions, where shown, shall consist of
epoxy-glazed concrete masonry units. Ceilings, floor, remaining partitionms,
and grout lines shall receive a finish coating of either epoxy or urethane
paint. All interior corners shall be rounded.

3.3.2.1 CCA The CCA has four main areas: the 1' uid hazard area (LHA

Liquid Storage Area: Dedicate a space adjacent to the CCA off the LHA for
possible future addition of a room to serve as a place to store, repair, and
decontaminate the items left by the people entering the building. This room
will be needed in the event the Navy decides to doff and store the outer
protective garments instead of cutting off and disposing of them.

For chemical-hardening criteria, the entrance door to the CCA shall
be steel, solid core, in metal frame with 1-1/2 pair stainless steel; ball
bearing hinzes Lock/latch set an strik plate shall be stainless steel

high-grade and of substantial construction. When using mixed-munitions harden-
ing criteria, the entrance door and frame shall be blast resistant, with blast

20
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<‘——’———’—___,,exterior building envelope

é TFA

&£ CORRIDOR (D ‘A_

+—EARTH
1, BERM
CCA
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~ . e T
concrete retaining structure height
not less than door height

= 45° or less

main entrance door - operable during normal use and emergency use
blast door - open during normal use

- c¢losed during training and wartime use
3) blast door - closed during normal use

- operated during training and wartime use

N - R
~ —

o N Y N T

operable during

training and wartime
use

main entrance door

(sealabie)

I - operable during
TFA j cAar “// normal use
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< I

training and wartime
I use

b. chemically protected entrance
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valves provided. Airlock doors and doors leading to the TFA shall be metal,
hollow core, in metal frames with stainless steel hardware, partially glazed
and fully gasketed. Primed me

either epoxy or urethane paint. Metal fixtures like trays, mirror frames, or
storage racks shall be either stainless steel or primed steel with an epoxy or

urethane paint finish.

TURRY vmmmnSarn o £43

2
UL LdCED blldl.l. recelive a LLlllbll C04aC OIL

[
w
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3.3.2.2 IEA. The TFA may be of standard interior construction materials.
However, special attention must be given to make the space airtight, i.e.,
control exfiltration in such a manner that the pressurizing air leaves the
space through the CCA only. It is, therefore, necessary to detail the sealing
and caulking of all surface joints, pipe and duct penetrations, electrical

outlets, and vents. Acoustical ceiling systems using a T-bar grid and lay-in
panels should be installed only if the space above can be effectively sealed
to prevent leakage. Interior finishes shall be a primer coat and two finish
coats of semi-gloss latex paint.

3.3.2.3 Dirty and Clean Mechanical Rooms. Interior finish shall be epoxy
or urethane coating on all surfaces. All interior corners shall be rounded.

3.3.2.4 Coatings. Recommended coatings are:

a) MIL-C-22750, Epoxy, coating, epoxy-polymide

b) MIL-C-46168, Urethane, coating, aliphatic polyurethane, chemical
agent resistant
3.3.2.5 Gasket Material. Recommended gasket material is butyl rubber,

chemical agent resistant.
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SECTION 4: STRUCTURAL DESIGN CRITERIA

4.1 Introduction. Survival in a chemical warfare (CW) environment will
require proper response of the CW structural elements. The CW structure in-
cludes the external structural envelope, separating the CW shelter from the
design threat, and the internal dividing walls between the mechanical equip-
ment rooms, the CCA, and the TFA. The structural elements may include walls,
roof, doors, windows (in special cases only), barriers, blast valves, and gas
tight penetrations for plumbing, mechanical, and electrical lines. The exter-
nal structural envelope and external barriers must withstand conventional weapon
effects (including blast overpressures, ground shock, weapon fragments, and
direct impact). Internal dividing walls must be designed for the internal air
handling pressure differentials and blast leakage pressures through blast valves.
The design loading will depend on the weapon threat (type of weapon and range

at detonation). In most cases, the design should be based on the design threat
loads rather than meeting prespecified cross-section requirements. Design for
the threat will produce a balanced structural design (with all elements and

the system having relatively equal hardness) for any structural geometry (e.g.,
roof span, story height) and type of structural element (e.g., slabs, beams,
doors, etc.). The structural criteria and procedures that follow will provide

a safe balanced design for a given threat.

NAVFAC P-397 Structures to Resist the Effects of Accidental Explo-
sions, is referenced extensively and should be used in conjunction with the
structural criteria. If the most recent six-volume revision of NAVFAC P-397
is not available, then U.S. Army Armament Research and Development Center
Special Publication ARLCD-SP-84001 Volumes I-VI (the official review publica-
tion of the tri-service manual: NAVFAC P-397, ARMY TM 5-1300, and Air Force
AFM 88-22) should be used. The criteria that follow are limited to above
ground structures with or without earth-bermed sidewalls. If buried struc-
tures are required for direct-hit threats (such as the North Atlantic Treaty
Organization (NATO)-Protected category threat), then other accepted design
references should be used.

4.2 Performance Requirements

4.2.1 Operational Requirements. The CW shelter can be divided into three
areas based on usage: The mechanical equipment rooms (contaminated and clean),
the TFA, and the CCA. The structural envelope and dividing walls must meet
the following performance objectives to provide safety against the design wea-
pons threat and to maintain the proper internal environmental separation.

4.2.2 Performance Objectives

46.2.2.1 CW External Envelope. The external structural envelope of the CW
shelter must provide protection against the direct design weapon threat. The
walls and roof must be reinforced concrete (R/C, at least 12-inch (0.305-m)
thick walls) and must be designed for limited deflection and spalling under

the loads of the design weapon threat. Windows are not allowed in the external
walls. Doors, blast valves, electrical, plumbing and mechanical penetrations
are only allowed between the outside environment and contaminated areas (the

27
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LHA, VHA, or contaminated mechanical equipment room). All external penetra-
tions (e.g., doors, blast valves, electrical conduits, etc.) must be protected
against direct fragment or projectile hits by structural barriers.

4.2.2.2 TFA. The envelope around the TFA must not allow any leakage of con-
taminated air into the TFA. This is accomplished by maintaining the structural
integrity while providing a positive internal pressure with the air distribution

system. The design response of the structure must limit cracking and spalling
of R/C elements and deformation around doors that would defeat seals. Entry
from contaminated areas must be through airlocks with the doors designed to
respond elastically to all design loads. No penetrations are allowed in the
external walls and roof. Airlock doors may have small windows.

4.2.2.3 CCA. Contaminants will be introduced into the CCA during decontami-
nation of incoming personnel. Therefore, some infiltration of contamlnated
air into the CCA can be accommodated. The external door must be designed to
remain nearly elastic during the design blast load in order to remain opera-

tional and to maintain a relatively gastight seal. The external R/C elements

should be designed for the same performance objectives as the TFA envelope.
Dividing wall door, electrical, mechanical, and plumbing penetrations must be
gastight. Air exhausts to the outside must be protected by blast valves to
limit the design shock loads in the CCA.

4.2.2.4 Dirty Mechanical Room (DMR). The DMR may contain contaminated air.
The external envelope must provide blast and fragment protection for the equip-

ment but need not be airtight. Blast valves are needed to restrict the shock
loads that can be introduced into the rooms. External walls, the roof, and
entrances must be blast hardened against failure but can be allowed to respond
into the plastic range of response. A gas-tight door (with small windows)
leads to the CMR. Electrlcal, mechanical, and plumbing penetrations to clean
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4.2.3 Protection Levels. The operational requirements, performance objec-
tives, load intensity, and type of structural elements can be used to describe
distinct protection levels. Four levels are required and are listed and des-
cribed in Table 2.

A plan view showing the approximate physical relationship of the CW
shelter functional areas is shown in Section 5, Figure 11. Table 3 provides
the protection level required between each area. The structural response re-
quirements for each category are quantified with the design criteria in Para-
graphs 4.5 through 4.9.

4.3 Design Explosive Threat. The user should conduct a threat analysis
and specify the design weapon threat. The minimum design explosive threat
definition must include the trinitrotoluene (TNT) equivalent we ig? and its
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Table 2
Protection Level Descriptions

p i S 1l c Allowed Allowable
rotection tructura ontaminant
- . - N e , Design Load Structural Structural
Level Envelope Infiltration
Elements Response
A External No Direct external | R/C walls Small
biast and and roof (barely
£ An ~Tac+ina)
LLGE“IC 1o }J.LOD\—.L\')
B External Yes Same as A R/C walls Limited
and roof (plastic)
Blast doors
Blast valves
fal T A I | AT T _ 1 1=~ 1 _ a Ao Zal 0 o -1 AL r__ 1
C Internal o Internal blast /C internal| Minimal
Tanlraon nnd ade rralle anAd (alaet+1ir)
LCGI\OSC aillu aLiLlL wWauiLio airiui \CLGDLLL}
handling pres- roof
++36 v
sues Elect/mech
conduit
D Internal Yes Same as C R/C internal | Minimal
walls and (elastic)
roof
Doors with
windows
Elect/Mech
conduit
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Table 3
Protection Level Requirements at Area Interfaces

FROM Mech Equip Rms Contamination Control Area
TFA

TO Contam | Clean Airlock | VHA | Chg Rm | LHA
DMR C C C C C C
CMR C D C C C C
TFA C D D C C c
CCA Airlock c C D D C C
CCA VHA D C C D D C
CCA Change Rm C C C C D D
CCA LHA D C C c * D
Outside B A A A A A B

w
(@]
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The user should consider using one of three NATO threat categories:
collateral, semi-hardened, or protected. Two NATO categories that need not be
considered, because they do not provide appropriate protection, are the lowest

threat category, splinter protected (basically fragment and small arms f
PP Y U I R | el Al Lot ol . P | "R IR B 4 W R PO
piotecieioily, allu vae nigiunest tiiredar categoly, naraeiea (peilo w-gxouuu I1Iuc
weapen protection). The NATO threat levels to consider can be generally
fined as:

a) Collateral: The threat for collateral protection is the near-
miss of a general purpose bomb. This is the lowest level of protection that

should be considered.

b) Semi-hardened: The threats for semihardened
cific weapons at specific miss distances from the structu
near misses of general purpose bombs and direct hit

ets, and napalm.

c) Protected: The threats for protected structures are direct hits

of specific weapons including general purpose bombs. Burster barriers and
cushioning sand layers are required over this category shelter. Only above
ground structures are addressed in the design procedures that follow If this
level of protection is required; then other accepted design references should
be used

4.4 Design Loads. The weapon threat must be converted to structural

design loads in engineering terms. Blast overpressures versus time, fragment

or projectile weight and velocity,
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and ground shock are the key load parameters
used to

loading from the
detonation of the weapon threat can be determined from NAVFAC P-397 given the
(R), the height of
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oads. When calculating structura

1.2 factor of safety on explosive weight is required (i.e.,

weight = 1.2 W).
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time of the reflected wave. Use NAVFAC P-397 to calculate the load time history.

In most cases, the loading c??Bbe safely defined by the peak reflected pressure,
P_, and scaled impulse, 1i_/W , from the hemispherical surface burst relation-
ships. A triangular presgure-time relationship, with duration t', is normally
used in design, as shown in Figure 4a. If the design threat is 6ery close to
the structure, the height of the triple point may be below the height of the

wall, or the clearlng time of the reflected wave may be less than Eﬁ, and a
bilinear load function (Figure 4b) can result. However, it is alwa§s conser-
vative to replace the bilinear function with a triangular linear function,

similar to that in Figure 4a, by equating the peak pressure and total impulse
of the triangular and bilinear functions (i) and by choosing the triangular
function duration as:
EQUATION: t% = 2i/P_ (1)

If the structure is oriented so that a wall will not be normal to the design
threat, it may be treated as a wall at an oblique angle to the shock wave (with
reduced reflected pressures) or

a sidewal backwall (with no reflected pres-
sures). NAVFAC P-397 provides the procedures for calculating the loads on a
wall at any orientation to the shock wave.

4.4.1.2 Earth-Bermed Wall Loads. When the structural surface is oblique to
the shock wave, the reflected waves are lower in magnitude than a normal (90)

reflected wave. Use of an earth-bermed wall (minimum slope 1.5:1; maximum
slope 2:1; mowing strip at top of at least 20 inches (0.51 m) will greatly
PO SURIE TR T [V UPUR RN RN N “11 L mmcin ~€ 1Y b oA
requce tie Didaslt pressure on Lune IeLdlIllIlg wédli pecdause OI (1, tne requcea
reflected pressure on the angled berm, {2) the distribution of lcads to the
ground, and (3) the energy dissipated in moving the soil mass. Reduction in
the peak pressure will reduce or eliminate spalling. Unless an analysis is

conducted to evaluate soil structure interaction, only the following assump-
tions should be used when designing an earth-bermed wall for a detonation
outside the berm:

b) For a partially bermed wall meeting the minimum requirements
described above, it may be assumed that: (1) the impulse loads on the rein-
forced concrete retaining wall are reduced by 15 percent, and (2) the mass
from one-half the minimum width of the berm, but not more than 2 feet (0.61 m),
may be included in the mass of the wall when calculating wall response.

The berm described will also stop most fragment and debris hazards.
The berm need only be as high as eded to stop spalling or fragment penetra-
tion.
4.4.1.3 Roof Loads. Surface explosions, and explosions with an HOB less
than the height of the walls, will produce incident pressures (reduced somewhat
by negative drag pressures) on & horizontal roof surface. If the HOB of the
design threat is above the roof, it will see reflected pressures, as determined
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PRESSURE

Figure 4a
Front Wall Loading: Idealized Normal Reflection
Controls (tr < tc)
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from free air load parameters. The loading is complicated by the time varia-
tion of loading along the length of the roof. NAVFAC P-397 procedures account
for this effect. When the span is in the direction of travel of the shock
front, a bilinear pressure time history results that begins with no load at
time zero, linearly increases to the peak, and then linearly decays to zero.
Figure 5a shows a typical pressure time design loading for a roof spanning
parallel to the direction of the shock front. Figure 5b shows a typical
loading for a span perpendicular to the direction of the shock front. To
facilitate use of standard response charts, the parallel span bilinear load
function in Figure 5a can be conservatively replaced by a linear load function
with the same peak pressure, beginning at zero time, and the same duration
(similar to that in Figure 5b).

4.4.2 Internal Leakage Pressure. When a structure with outside openings
is enveloped in a blast wave, the interior of the structure will have an in-
crease in its ambient pressure. The pressure time loading is a function of
the area of openings, the inside volume, and the exterior pressure time load.
A procedure is given in NAVFAC P-397 to estimate the internal pressure time
loading. The effect of the blast valve on the leakage pressure can be con-
servatively obtained by using the maximum total blast valve opening for the
full time it takes to close the valve (and zero area for time > closure time).
This pressure should then be used in the design of internal dividing walls and
doors. A sample solution is shown in NAVFAC P-397.

The pressures immediately adjacent to the blast valve will be higher
than the calculated average. Therefore, a deflection plate, baffle, or a
separate expansion room should be provided, immediately inside the blast
valves, to contain these pressures.

4.4.3 Primary and Secondary Fragments. Primary fragments come from the
explosive casing or container and are characterized by large numbers of high
velocity (thousands of ft/sec) (where 1,000 ft/s = 304.8 m/s), small mass
(0.032 ounce (0.907 g) is typical of bomb and shell casing fragments) chunky
fragments. Secondary fragments can be produced by loose objects or pieces of
failed structural components that are accelerated by the explosive shock wave.
Secondary fragments should be controlled by restricting use of objects around
the protected structure that could produce hazardous secondary fragments.

The mass and velocity of the design primary fragment can be calculated
from the charge type and weight, casing shape, and casing weight, using meth-
ods given in NAVFAC P-397 Volume II, Section 2-16. Actual weapons test data
may also be available. If the threat is not defined adequately to calculate
design fragment weight and velocity, the NATO threat (collateral or semi-hard-
ened), closest to the perceived threat, should be used.

4.4.4 Ground Shock. Explosions at or near the ground surface produce
direct-induced and air-induced ground shock. Structures hardened for air
blast and fragments should not be seriously damaged by ground shock. However
a shock spectrum analysis should be made to assess the vulnerability of per-
sonnel and equipment to ground shock.
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4.4.5 Combined Loads. Gravity, soil pressure (including hydrostatic), and
internal air handling pressure ''dead" loads must be accounted for in the de-

sign for dynamic biast loads. Transitory live loads (e.g., wind, construc-
tion, and seismic) should not be considered in the blast load desigsn.

The allowable resistance and deflection of the structural element
should be reduced by the amount of the constant "dead" loads. The reduced

resistance-deflection function is then used in the dynamic response calcula-
tion.
Hydrostatic and soil pressure loads will be site dependent.

4.5 Reinforced Concrete. The external walls {except doors and blast
valve penetrations) shall be at least 12-inch (0.305-m) thick reinforced con-
crete. The roof shall also be reinforced concrete and must provide the same

level of protection against the design threat as the reinforced concrete walls.
The design guidelines in this section should be used in conjunction with NAVFAC
P-397 to design for the external blast and fragment threat. Where differences
exist, the criteria in this section will take precedence.

wo modes of behavior are considered in the design of R/C, ductile
and Le-daoa1 L4 o) "OPREEN FURSRRE 2 1P I, i DU P Y IR S P T, D O S . (I VRS
ana prictiie. 1fle QucCctlllie Dendailiy moae cCcdil ailidlll irdarge 1ieliastlc aeirormat 10I11s
(and absorb large amounts of energy) without failing. The brittle modes (shear,
fragment penetration, and spalling) may reach failure under relatively low

i
energy input levels due to load concentrations or low ductility. Structural
elements are designed to resist the overall blast loading in the ductile bending
mode and then adequate shear reinforcement is provided to prevent low deflection
brittle shear failure. Fragment penetratlon and spalling are prevented by

prov1a1ng auequate concrete tnlcxness nartn berms and steel plates Lexternal
armor plate or internal spall plates) may be used to reduce the required con-
crete thickness.

Protective structures are classified as shelters (enclosed - used to
protect personnel and contents) and barriers (open - used to reduce fragment
or pressure hazard). The CW structure enclosing the CCA, TFA, and mechanical
rooms is a shelter. The criteria in this section applies to the CW R/C shelter
components bragment and blast barriers, used to mitigate the blast and frag-

’
ment loading on the external doors and blast valves, are covered in Paragraph
L 9O
. T .
4.5.1 Design Stresses.

4.5.1.1 Reinforcing Steel. All reinforcement in external and internal hard-

ened walls will be A615 (Grade 60) reinforcing steel. If it is not readily

available in foreign countries, a similar ductility steel may be used with a
- 1.

minimum yield stress between 50 and 75 pounds per square inch (psi) (344.7 kPa
and B817 1 LDa)d
alil\ua L7 « L niLajy.

A statistical analysis of the static yield strength of A615 (Grade

LYsSlos

sta y
60) reinforcement shows the average yield strength is 10 percent greater than
the minimum required. Consequently, the design static yield stress for A615
(and to be assumed for other similar steels) shall be,

Tt ATT AT ~ay ~ N

EQUATION: fy = 1.10 x fy (nominal)

~
N
p—
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A dynamic increase factor (DIF) is used to account for the effect of strain
rate on strength properties. The DIF depends on the loading intensity and
type of stress
EQUATION: f, =DIF x f (3)

ay y

The following DIF values shall be used:

External Internal
Separation Dividing
Wall Wall
DIF (bending and bond) 1.23 1.17
DIF (diagonal tension and
direct shear) 1.10 1.00
DIF {(compression) 1.13 1.10
For example, the dynamic design stress, ‘d , for A615 (Grade 60) bending steel
reinforcing bars in an exterior wall is, v
EQUATION 4.. (ext wall, bending) = 1.10 x 1.23 x 60,000 (4
=7 = 81,200 psi
4.5.1.2 Concrete. The static ultimate compressive strength of concrete, fé,
shall be specified within the range,
EQUATION: 3,000 < f' < 5,000 psi (5)

Cc

The DIF, to account for the effect of strain rate on concrete strength proper-
ties, also depends on the loading intensity and type of stress.

[} - — PPN
EQUATION: ) = t x DIF¥ 6
b dc c (6)
The following DIF values can be used
External Internal
Separation Dividing
Wall Wall
DIF (bending) 1.25 1.19
DIF {(compression) 1.16 1.12
DIF (direct shear) 1.10 1.10
DIF (bond and diagonal
tension) 1.00 1.00
4.5.2 Allowable Deflections. The maximum allowable deflection, Xu, is
determined from the maximum allowable support rotation, I following forma-
tion of the yield line mechanism
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EQUATION: Xu = f tan Bu (7)

where

The maximum allowable rotations for R/C elements, in terms of the protection
level prescribed in Paragraph 4.2.3 are:

Protection Support Rotation, O
Le"el (degrees) u

A 2

B 4

C 1

D 1
4.5.3 Design for Bending and Shear. A trial cross-section {(thickness of
concrete and bending steel percentage) 1s chosen and the response to the design
blast load is calculated. If the response rotation is less than the allowable
given in Paragraph 4.5.2, the element is checked for shear and stirrups are

added if necessary. The procedure is detailed in NAVFAC P-397 Volume IV,
Section 4-24, Flexural Design for Limited Deflection (0 less than 4°). The
following design steps are required.

a) Step 1: Determine the optimum distribution of reinforcement based
on support conditions, aspect ratio, and a 45° yield line. The ratioc of ver-
tical and horizontal moment capacities are determined from the yield line loca-
tion figures in NAVFAC P-397, Volume III.

b) Step 2: Select a trial cross-section thickness and reinforcement
percentage (p = 0.15 percent minimum) that gives moment capacities near those
determined in

/ be
-gection ncing the

LAl WS L

c) Step 3: Calculate section properties and determine the resistance
deflection function.

AN Q4 L. . ) 5 VAN SR N o A £ A e A€ +ha ot oy + ~
d) Step 4: Determine tne defiection of tne structure to the blast
:
loads and compare it to the allowable response given in Paragraph 4.5.2.

e) Step 5: If the response is acceptable, check shear stresses and
add stirrups if required. Note that stirrups are required for added ductility,
at design rotations above 2°, even 1f they are not needed for shear (minimum
AV = 0.15 percent). If the deflection is not acceptable, repeat all steps.
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4.5.4 Reinforcement Details.

4.5.4.1 Concrete Cover. The clear concrete cover over bars shall not exceed
1 inch (0.025 m) for R/C surfaces facing the interior. This requirement is
imposed to minimize the extent of concrete spalling and scabbing and the hazard
this presents to personnel.
4.5.4.2 Flexural Reinforcement. The area of reinforcing bars to resist bend-
ing in R/C slabs shall comply with requirements of NAVFAC P-397 and ACI 318-86
M- 1 32 3 T .. s L£__ D___C_ 1 N .
DuUulialilg LOode Keguirements I1I0r Keiniorcea boncrece.

All R/C surfaces designed for blast loads shall have equal areas of

steel in each face of the slab (i.e., A = A ') in order to assure adequate
ductility of R/C. The minimum area of §1exural reinforcement (A or As' in

m
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.5.4.4 Stirrups. Single- or double-leg stirrups shall be used to resist
iagonal tension shear as specified in NAVFAC P-397, Volume IV. No bent-up
ars or lacing bars shall be used to resist diagonal tension shear. All stir-
ups shall conform to the requlrements specitied in igure 7. The stirrups
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When structural response exceeds 2° rotation, minimum stirrup require-
ents must be met (A 2 0.15 percent), whether or not they are needed for shear

(see NAVFAC P-397, Vdlume IV).

4.5.5 Spalling and Breaching. Direct spalling of concrete will occur omn
the back face of R/C when tensile stresses exceed the tensile strength of the
concrete. Air shock waves induce high compression stress waves on the loaded
outside face These waves travel at high velocity through the R/C thickness

and reflect off the back face to produce a tensile stress wave traveling in

the opposite direction. The use of stirrups tends to reduce the extent of
direct spalling. Breaching occurs when the local stresses are so high that
the full concrete thickness is punched through. Figure 8a shows the various
Adamacn ratnocnriac: rrarlrine arnalldins arnd ~camnlata navrfaratdian (hroachine
uﬂlllﬂéc bﬂsz\JL LTO . bLQ\,I\_Ll!&, BPG.IL,LXI&, alilu bUlll})LCLc PCL Aviavaivil \UJ_CGLII.LIIé} .
The best criteria for preventing spalling and breaching comes from empirical
relationships derived from test data. Figure 8b shows damage from lightly



Downloaded from http://www.everyspec.com

MIL-HBK-1040

204 (1'-6" MIN.)

|
!
s0s MiN.___|
SEE NOTE |
i \
—
— — Sp——
| y
| A l‘. I I L 1 N
— — b | S 4-{'
— an 4 and
L il L hind 1
/N " ePLICE ' SPLICE
I N LENGTH  LENGTH
.l \- CONSTRUCTION
— JOINT
[ NOTE:
CENTERLINE OF SPLICE PATTERN
TO BE LOCATED IN REGION OF LOW
o STRESS (POINTS OF INFLECTION
|/~ STIRRUPS PREFERRED)
/
i DIAGONAL BAR
- /W

'
£y
l CONSTRUCTION
A |V JOINT

AS REQUIRED FOR
' <« FULL ANCHORAGE

404
A

———o

T
L.

Figure 6
Typical Section Through Conventionally
Reinforced Concrete Wall

e e et i i e e e A A e B A P e T e S e e e o e A e e T i e e e



Downloaded from http://www.everyspec.com

MIL-HBK-1040

Biast
) _An
{ { A
&> J N N sk 1.0 in. l
b— < ————3 | clear I
T bl D I A
“ZpoousLE ZSsINGLE | L/ /
STIRRUP STIRRUP |
(TYP) (TyP} deg
-‘/
Stirrup Geometry Before
Installation
Cross Sectiqn of Short Span Notes
Blast
f ; i ; } * { 4} 1. A1l bends and hooks in
{ - - ' accordance with ACE 318-83.
w— T‘* — 2 Coid bend 135-deg hook to
ol - / 180-deg hook after
{ ' ( l] ( installation.
3. Bar Size: no. 3 minimum
) l I II 1.0 in. no. 5 maximum
( o . 2 l [clear 4. Stagger location of 135-deg
7 — I ——T——lJ— hook for double hairpins.
ZSINGLE —7DOUBLE 5. Minimum spacing per NAVFAC
STIRRUP STIRRUP T P-357 where shear controis.
{(Tve) {Tve) §. Maximum spacing where shear
Cross Section of Long Span does not control T/2 or

24 in., or twice the spacing

of main bars, whichever less.
7. A1l stirrups located at

intersection of main bars.

Design Criteria f

41

~ PNINYY A - e )




Downloaded from http://www.everyspec.com

MIL-HBK-1040

cased explosives (such as general purpose bombs). Straight lines, defining
the threshold of each damage category, are the basis for the following design
criteria.

4.5.5.1 Desion Criteria for

Tes e e 2 TS L

eria Bre
designed to prevent breaching by

to prevent breaching (assuming a
the thickness given by:

EQUATION: t = 4.120(R/W/3)70-40y1/3

rfaces must be

, surfa
ion. The R/C thickness, t,,

7~
[
N’

t, = minimum R/C thickness, in.

R = minimum distance from center of explosive to outside face
of R/C slab, ft

W = design explosive weight, 1b TNT equivalent

4.5.5.2 Design Criteria for Direct Spalling. Spalling should not be allowed
in the TFA or the CCA. Some spalling might be allowable in the mechanical
equipment rooms, where personnel are not normally present. The data in Figure
8b were also used to establish limiting design criteria to prevent spalling.
To prevent spalling, the thickness cf the R/C, ts (inch) shall be at least
equal to:

EQUATION: t, = 5.309(R/w1/3)'°"‘0w1/3

(9)
R and W are as defined above in the breaching criteria.

This spalling criteria includes the effect of fragment impact from a

lightly cased explosive (such as a general purpose bomb). If design fragment
information is given, the equation for spalling from fragment impact in Para-
ovranh 4 § & cehanld alea ha r~rhacrlkad

siliapu 5.5.90 O1iVuil gisSU UTE LiusSiaRSu.

4.5.6 Fragment Penetration. Primary fragments must be kept from completely
penetrating (perforating) external R/C surfaces. The minimum thickness t__,

of R/C required to prevent perforation shall be determined from: Fe
Crra . 4 an o (1.10 L oL PPN
EQUAT1IUN: T =1.13 ¢ d + 1.31 ad (iU

pf

tpf = required R/C thickness, in.
Z = x/d
d = diameter of fragment {(in.)

42
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for x € 2d:

x =0.91 W >" v'7 (5,000/£')/°
for x > 2d:
x =10.30 w240 y1-8 4 0575 w 033y (5,000/¢")1/?
L F F F \ 3 7 CI
WF = fragment weight, oz
VF = fragment velocity, kfps

f' = ultimate R/C compressive strength, psi

The impact from primary fragments also produces stress waves in R/C which can
cause spalling on the inside face. The effect of general purpose bomb primary
fragments are included in the breaching and spalling criteria in Paragraph 4.5.5.
If other design fragments are included in the design threat, the minimum thick-
ness, tpf (inch) to prevent spalling from fragment impact is given by the fol-

1

ng equation:

EQUATION: t =1.222d"0 4+ 2,124 (11)

The variables are as defined in the perforation criteria.

4.6 Blast Doors. External doors into the CCA and contaminated mechanical
equipment room must be designed for the external weapon threat. The entrance
to the CCA must be reusable and must minimize contaminated air leakage. The
design response must be limited (little permanent deformation) and seals are
required. Fragment perforation cannot be allowed.

The large equipment door to the dirty mechanical equipment room must
not fail or allow fragment perforation. The design response can be slightly
greater than for the CCA door. Seals are required at this door to reduce air
ieakage. Internal doors must be designed to remain elastic. Because of the

P 'T‘—

1 o 1 b [P PR KR, | -~ e . [ RN R | ) W [, PR | 2
lower aesiglirt 104ddas, some 1inieriigl aoors, 4a4s inaicdceda 11 li1aples <4 dna o, may
have thermally tempered glass windows. Airtight seals are required for in-
ternal doors between the functional areas listed in Table 3

4.6.1 Design Concepts. Blast doors may be solid steel plate, built-up

steel plate, or R/C (with or without steel facing plates). Figure 9 shows
examples of blast door cross-sections. Usually, steel plate elements provide

the most cost effective solution but built-up steel or arch-shaped may be needed
for extreme loads. Design procedures are currently being developed for tensile
mamhrana and cruiiehinn eiinnart danre +A racict varv hioh nracanira lAande
uIcinvsiL allcc aii\ua UL AL DUPHUL 15 UvUvULO LAV ATO 1O L A\A-PFS ll.L6ll PLGDBULC dAvauo
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Loads cal external doors must be controlled by proper
entrance design. Barriers with roofs, or below grade entrances, shall be used
to eliminate fragment loads and decrease blast pressure loading. Proper archi-
tectural design of the entrances should allow the use of solid plate doors
designed for incident overpressures (not high reflected pressures) and no

shown in Section 3.
applies to solid plate steel

fragment loads. Entrance design examples are
The design criteria in this section

doors. They are the most economical and should be feasible in the majority of
applications. Design procedures for other door types are provided in NAVFAC
P-397. Standard door designs, which are being tested for spécific NATO pro-
tection cateeories. mav also he availahbhle
vvvvvvvvvvvv gories, may also be available
4.6.2 Design Stresses. Design stresses for steel doors shall be as follows:
n Bending Shear
ASTM fv"
Steel (o¥ 1) - -
I R B 2 (odsy | DIF (ods)
\pdS1) \p>1)
High Design Overpressure Range (External Doors)
A36 36,000 1.36 49,000 1.10 39,600
A514: 100,000 1.12 112,000 1.00 100,000
ASI&; 90,000 1.12 100,800 1.00 90,000
A588 50,000 i.10 55,000 1.00 50,000
Other £ 1.10 1.1 £ 1.00 £
y y y
Low Design Overpressure Range (Internal Doors)
A36 " 36,000 1.29 46,400 1.00 36,000
ASIQ; 100,000 1.09 109,000 1.00 100,000
ASlAd 50,000 1.09 98,100 1.00 90,000
A588 50,000 1.10 55,000 1.00 50,000
Other f 1.00 f 1.00 £
y y y
aMay be increased to the static yield stress of the
pndelivered steel, based on mill test report.
Plates and bars less than 2-1/2 inches.
éPlates and bars greater than or equal to 2-1/2 inches.
Plates and bars less than 4 inches.
4.6.3 Allowable Deflections The maxim m allowable deflection, X , is
defined in terms of the maximum allowable support rotation, 6 ., folloging

formation of the yield line mechanism. An additional constraint is imposed on
the maximum allowable deflection, X , by limiting the ductility factor X /X
where XE is the equivalent elastic yield deflectlon
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The maximum allowable deflections for solid steel plate doors are:

Door
(Protection) 8
Taval) ron Ronndiramant (rlga\ Xn/XF
AIC V CLA LA A rla l\\/ﬂ b A A il id ) \‘\rb ( . Ed
Exterior (B) Mechanical Room Reusable 2.0 5
CCA Reusable 1.0 2
Interior (D) Area Dividing Reusable NA 1
Walls
A trial door design shall be considered adequate provided the maximum dynamic
deflection, X is such that X < X based on the rotational constraint and

X /X < X /X Mbased on the duc@illty constraint.

4.6.4 Design Procedure. The following design process is recommended for
selecting the required thickness of steel plate for a blast door and the
equivalent static design loads for door connections:

a) Step 1: Select a trial design for the door using solid steel
plate. Determine fds for the steel and establish support conditions for the
door.

b) Step 2: Calculate the dynamic ultimate moment capacity of the
plate cross section,

EQUATION: Moo =M, =M =t>f /4.8 (12)
VP HP u ds
where
MVP = ultimate positive moment capacity in the vertical
direction, in.-1b/in.
MHP = ultimate positive moment capacity in the horizontal
direction, in.-1b/in.
M = ultimate moment capacity of plate cross section, in.-1b/in.

all the moment capacity of the plate at its supports
0).

In nearly
is negligiblie (i.e.,

cases,
AV 4 AV 4
M M

HN VN

Calculate the

EQUATION: (13)
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where
L = clear span of door in horizontal direction
H = clear span of door in vertical direction

d) Step 4: Use figures in NAVFAC P-397, Volume III, with a from
Step 3, and find y/H. Calculate y.

e) Step 5 Select the proper equation from NAVFAC P-397, Volume III
Tables 3-1 or 3-2, and calculate the dynamic ultimate resistance of the door,
r (psi).
a I

f) Step 6: Calculate the moment of inertia, I, and plate modulus,
D, for the door. For a solid steel plate,

1 2 LRV
EQUATION: D=EI/(1-v%) (14)
where
3
I =1t7/12
t = plate thickness, in.
0 = 720 v 1{'\6 ~nod
i = &LJ A LU po4
s
v=20.3

g) Step 7: Calculate the equivalent plate stiffness, K. (psi/in.).

4

EQUATION: KE = D/¥L (15)
where

¥ = factor obtained from Table 42 of Timoshenko's Theory

of Plates (second edition).

h) Step 8: Calculate the effective unit mass of the solid steel

plate,
2
EQUATION: M_(psi-msec”/in.), (16)
<

Me = 742 KLM t
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i) Step 9: Calculate the fundamental period of vibration, T , of
) p p s 4
the door,
1/2
EQUATION: T =27 (m /K.) (17)
n e’ E

j) Step 10: Calculate the equivalent elastic yield deflection, XE
( )
AN re 7
EQUATION: Xp = r /K (18)

k) Step 11: Calculate the maximum allowable deflection, X , of the
h [ £ __ a1 . A o= 4 o 1 I | o PR IA Z Lo P &L PR S _u1__._L1_
aoor Ior tne constrainits 1mposea 11 rarag dpﬂ 4.0.0 OIl LIle maximum 4ajii1owdabie
Anctility Factnr Y /Y and mavimuim allawahl ratatinn at cunnoartg 2]
ductility factor, X /X, and maximum allowable rotation at supports, 8 .

1) Step 12: Calculate the maximum positive deflection, X_, of the
door produced by the design blast load using response charts given Tn NAVFAC
P-397, Volume III.

m) Step 13: Compare X with X . Go to Step 14 if Xm < Xu. Other-
wise, increase the thickness of Phe trial design and repeat Steps 1 through
12

n) Step 1l4: Calculate the "average' support reactions, V_ and V _,
using the appropriate equations given in NAVFAC P-397, Tables 3-9 and 3-10.
Check the shear stress in the plate at its supports and repeat the above steps
if the shear stress exceeds the design allowable. The reactions, V_ and Vh
are the equivalent static design loads to be uniformiy applied to the door

s far
iig 101

L-h

cas

o) Step 15: Structural connections joining the door (in closed
position) to its casing must restrain the door and safely resist rebound
forces introduced during the rebound phase of dynamic response. Otherwise,

and a path for blast overpressures around the door. Use NAVFAC P-397 to
design these connections to resist rebound forces. The positive blast pres-
sure may not be used to reduce the negative resistance, Tos required to resist
rebound.

p) Step 16: Design the casing and connections for the door to safely
resist the forces at supports produced by the static uniform loads r, obtained
in Step 5 and r- obtained in Step 15.
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1

q) Step 17: Given an acceptable door design, design the adjoining
wall slab to safely support the door reactions, Vh and VV.
4.6.5 Fragment Penetration. Although doors should be protected from frag-

_______________ L1188

ments by barriers, if a door (or fragment barrier) must be designed to resist
fragment perforation the following equations may be used.
For armor piercing (AP) fragments penetrating mild steel plates:

0.33

..
4
»
[
Hh
<
-~
[
\D
N~

For mild steel fragments penetrating mild steel plates:

EQUATION: x=0.21W, 22y (20)

X = minimum steel thickness, in.

Wf = fragment weight, oz.
V = fragment velocity, kfps

These design equations consider only normal (90° angle of incidence) penetra-
tion which is critical for design of protective structures. They apply to
penetration into mild steel plate (Brinell Hardness = 150) and are conser-
vative for harder steel. Charts based on these equations are given in NAVFAC
P-397, Volume V.

4.7 Windows. Because of the vulnerability of windows to fragments ar
blast loads from an explosive threat, they are not allowed in the external
structural envelope. Small windows (no wider than 12 inches (0.305 m)) are
allowed in area separation doors (Protection Level D). If a window is re-
quired at the outside entrance to the CCA, a double blast door entry must be
provided with the window in the interior door.

ragments and

a) Monolithic thermally tempered glass

c) Laminated Herculite II (chemically tempered glass)
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4.7.1.2 Unacceptable Materials.

=t

a) Chemically tempered glass, other than Herculite I

o0licshed)
Saes/

pelish
c) Heat-treated, semi-tempered glass
d) Wire-reinforced glass

oda-1lime based chemically tempered glass

®
~
U)

~—

Acryl

[

¢ (Plexiglass or Lucite)

Polycarbonate materials have not been sufficiently tested as yet, to evaluate
their suitability.

4.7.2 Window Design. Windows must not be larger than is necessary for
operational requirements and the short dimension shall not exceed 12 inches
{0.305 m). Allowable elastic resistances for standard glass thicknesses of
the acceptable window materials are given in Table 4 for 12-inch (0.305-m)

wide windows. The table is applicable for instantaneously applied long dura-
tion pressure loads (psi), as would be expected in interior areas. This table
should also be used for windows with short dimensions less than 12 inches
(0.305 m).

Window supports may be designed for the blast loading on the windows
(pressure x tributary area for same duration). The supports must be designed
to remain elastic
Table 4

Glazing Thickness (Inches) for Interior Area Dividing Doors

r

[Short window dimension 12 inches or smaller]

Effective Elastic Static Resistance (psi)
Dimensions for Glass Thickness, t (in.) -

(in.)

3/4 5/8 1/2 3/8 5/16 1/4
12 x 12 206 140 87 50 27 19
12 x 18 123 83 52 29 16 22
12 x 24 97 66 41 23 13 9
12 x 36 81 55 34 19 10 7
12 x 48 75 51 32 18 10 7
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4.8 Blast Valves. Blast valves are required in all air intake and
exhaust lines penetrating the external envelope of the CW shelter. Fragment
shields; or other architectural/structural design features, must eliminate
exposure of the blast valves to line-of-sight fragments. Blast valves shall

tisfy the following requirements:

a) The head loss at rated flow shall be less than 1 inch (25.4 mm)
of water pressure (this may require valves to be installed in parallel).

b) The valve shall be blast-actuated by a minimum outside pressure
(positive or negative) of 1 psi (6.895 kPa). The valve shall not allow more
than 15 psi-ms (103.42 kPa-ms) incident impulse (positive or negative) at any

point 3 feet (0.9144 m) from the valve under the design external blast load.
If no explosive threat is specified, the design loads shall be based on:

e A

rc @
{o0,0

!
e
-
D
[
(&
T
4]
ta

SO

e A t:ianngar negative incident loading: -10 psi (-68.95

kPa) peak negative pres of P- = -10 psi (-68.95 kPa) (at time = 0) and a
o) s

duration of 100 ms.

o A triangular incident loading with P = 250 psi (1,723.69
kPa) (at time = 0) and a duration of 20 ms.

a A lono duratinon (500 me) concetant nreccunre nf P = 150N nci

e A long duration (500 ms) constant pressure of P__ 150 psi

(1,034.2 kPa).
c) The valve shall remain closed as long as overpressure is present.

d) All valves shall be of the same design for ease of service.

e) The valve shall not flutter nor close from drag forces associated
with the design airflow

f) The valve must be capable of being proof-tested periodically.

g) The selected valve shall have been field- or shock-tube-tested
under design blast pressures (maximum and minimum).
4.9 B&~I19IS. Fragment barriers are required to protect doors, blast
valves, and any other penetration (doors, blast valves, etc.) of the external
envelope. They can also reduce the design blast pressures on the penetrations.

Use of barriers is demonstrated in the door entrance design concepts shown in
Figure 2.

R/C barriers should be designed using applicable large allowable
deflection criteria (4° < 8 < 12°) in NAVFAC P-397. Fragment resistant and
heyaoanrhicns ~rddanrdia avn -:"AE e Dasranranhae /4 T € . £ £ aemd . £ C Masednwmo
vicaciiliiy Cilitella ale g verqr 11} rdldgldplb “4.0.0, 4.0.0, 4Il1U 4 .0.0. DdLLLeLb
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need not be designed to prevent spalling (the design of the external CW en-
ope should be resistant to secondary debris from barrier spalling). Rein-
forced concrete or earth-bermed R/C should be used for large (wall-size)
barriers. Steel plates may be used for local applicationms
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SECTION 5: MECHANICAL - HVAC DESIGN CRITERIA
5.1 Background.
5.1.1 Design Philosophy. Space conditioning is the most important aspect

of a CW protection system, for it is the flow of decontaminated air through
the shelter that actually protects personnel inside the building and permits
them to enter and leave the facility. Consequently, it is of utmost importance

that the air c1ean1ng and air dlstrlbutlon system be carerully designed con-
+
[ %

The CW shelter must be divided into two areas which are physically
and environmentally separated from each other. These areas are the TFA and

the CCA. The basic design philosophy is to provide clean, pressurized air to
the TFA for habitat ventilation and use the exhaust air from the TFA (and addi-

tional clean air as required) to control the level of contamination in the

B Y

CCA. Airflows caused by the pressure differences maintained between the dif-
ferent rooms of the shelter keep contaminant movement toward a region of higher
contaminant concentration. Contaminants cannot flow into the TFA in a correctly
designed air handling system. This design principle is illustrated in Figure 10.

r
Factors such as room air pressures, airflow patterns, duct design, room size

and construction, and other factors must be carefully analyzed if a CW protec-
tion system is to work effectively.

.1.2 Shelter Room Arrangement. A CW sh
f y di
a
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TFA, the VHA the CB the LHA and the mechanical equ1pment rooms. The LHA,
CB, VHA and AL comprise the CCA. Water showers may also be part of the per-
sonnel cleansing system. The water showers must be located between the VHA
and the airlocks. One CCA configuration is illustrated in Figure 11.
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o

omn
oaop

g
i se a CW shelter th e
from the outdoors can be followed The first room a on enters is the LHA.
The LHA will have both liquid and vapor contamination present. A mask is always
worn in this area and great caution must be taken to prevent contaminants from
contacting the skin. The LHA is the room where the outer layer of protective

clothing is cut and removed from personnel entering the shelter. The outer
3

protective suit is removed by attendants in the LHA At the present time,
contaminated clothing is placed in plastic bags, sealed, and discarded. The
contaminated clothing is not cleaned or reused. If reusable outer garments

are used by personnel using the shelter, then space must be provided in the
LHA for outer garment storage.

5.1.2.2 Change Booth. From the LHA the person moves to the CB The CB is a
small room where personnel remove the remainder of their clothing, personal
effects, and equipment {oth than masks). The CB also serves as an airlock
between the LHA and the VHA. Therefore, the entry and exit doors of a

-
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CB must be interlocked so that both cannot be opened at the same time. The
items which are removed are placed in plastic bags. The bags are sealed and
carried into the VHA.

5 1.2 13 v
v

[0 YR Sy AN |

will have chemical vapors present so personnel must wear protective masks
while in the VHA. However, no liquid contaminant should be present so person-
nel may have exposed skin. The VHA serves as the place to store clothes and
to exchange masks. Packages of clothes, personal effects, and equipment are

the person enters the VHA. The VHA

15 villl. 421 VIiLZ

placed in numbered storage bins. The mask is hung on a storage rack.
5.1.2.4 Airlock. To enter the TFA, the person must pass through an airlock
(AL). The AL is a small room interposed between the TFA and the VHA which

allows personnel to pass from the contaminated area into the clean area. A
person must stay in the AL for an air wash of at least seven complete air
exchanges. Designing for two air exchanges per minute will allow a person to
ieave the AL after three minutes is t

, lter
s to
t

r means of preventing the

5.1.2.5 Toxic Free Area. The last room the person enters is the TFA. The
TFA is the part of the shelter supplied with pressurized filtered air to pro-
vide an environment in which personnel can safely work or rest without the
noao

5.1.2.6 Mechanical Equipment Room. There are two mechanical equipment rooms,
designated as the dirty mechanical room (DMR) and the clean mechanical room
(CMR). The DMR contains the pressurization fans, filter-absorber system, gen-
erator sets, boilers, refrigeration condensers and other equipment that require

large amounts of air. The air in this room may be contaminated by a CW attack.
During normal operation, the DMR may be entered through a gas tight door between
the CMR and the DMR. During CW defense operation, the DMR can be entered only

from the outside. During a CW mode operation, the door between the CMR and
the DMR must be closed and locked.

5.1.2.7 Clean Mechanical Room. The CMR is designed to remain uncontaminated
by a CW attack. This area contains the main air handlers, drinking water pumps,
motor control panels, hot water heater, and other items that must remain clean.
The CMR must be accessible from the TFA
5.1.3 Overview of Typical System Configuration. The shelter is capable of
being operated in three modes:

o The normal or peacetime mod f operation in which the regularly
scheduled activities are performed.

o The training mode of operation in which the performance of
personnel and equipment is tested.

un
oo
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e The CW shelter mode.

In the normal mode of operation, the shelter HVAC system is operated the same
as if the shelter were a conventional building, that is to say, the HVAC system

provides heated or cooled air to the TFA in the amount required to keep the
occupants comfortable. The HVAC system also brings into the building suffi-
cient outdoor air to meet the ventilation air requirements. During normal

operations, the air pressurization and filtration system employed in the CW
defense mode is bypassed.
In the training mode of operation, the building is pressu ed and
db

1 1g mode riz
operated as it woul e in a CW attack with the exception that the filter sys-
tem is bypassed (to prevent unnecessary filter and adsorber loading and con-
tamination). An insert is placed in the filter bypass piping to simulate the
pressure drop across the filters.

In the CW mode of operation, the building is pressurized and all
outdoor air is forced through the CW filter system. Clean conditioned air is
supplied to the TFA to keep the shelter occupants comfortable, The air supply

to the CCA is not, in general, specifically condltloned.

5.1.4 Design Consideration. Two sets of design conditions must be deter-
mined for the HVAC equipment: the normal mode and the CW shelter mode. Equip-
ment must be selected that meets both of these sets of design conditions. The

PO IR mry

e CW modes of operatlon are:
1
i

.
+ in +h halta
and equipment in the shelter,

e shelter, and the amount of

between the norma
n tha echaltar artd
il A

pressure levels and airflow patterns w
outdoor air brought into the shelter.
Because most chemically-hardened facilities are either small, special
purpose buildings (such as command and control centers) or a physically sepa-
rated and protected portion of a larger building (such as a protected area

1

1
ritvu
J.l-
i

y
thin t

built into an administration building), the CW shelter can often be treated as
cne or twe zones for HVAC design purposes Single zone and reheat systems are
good choices for shelter applications because they provide precise control

us

over temperature and humidity and because of the inherent simplicity. Heat
pump systems are an attractive alternative heating and cooling system for smal-
ler shelters where climatic conditions permit. Variable air volume systems
must not be used for conditioning of shelters in the CW mode of operation
because the air volume requirements in the CW mode are very stringent and must
not be modulated.

In general, an existing building HVAC system cannot be used or adapted
to CW shelter use. This is because of very different requirements placed on
an HVAC system used in a CW defense environment. An HVAC system used for CW
defense is designed to operate at higher pressures and often higher volume
flow rates than a conventional system. Also, the air distribution patterns

are likely to be different between a conventional HVAC system and a system
designed to nrovide nrotection from CW acents

designed to provide protection from CW agents

5.1.5 Example CW HVAC Configuration. The features required in a shelter

HVAC system are most easily illustrated by means of an example. The HVAC con-
figuration used in this document as an example of CW shelter design is the

19,
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reheat system. The reheat system was chosen because it can closely maintain
temperature and humidity over a wide range of loads. A reheat system provides
either heated or cooled air. Cool, dehumidified air is generated in
coil section of the system

roa~nidrad +A mant+ +h P
Lc\.‘u‘L‘L Uu vV uIcTccTuw 15 =4
e

efficient, but en erv o f

tion. The ability to provide close control of the environment in the shelter
and the inherent simplicity of the reheat system were judged to be more impor-
tant.
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5.1.5.1 Normal Operation Mode. In the normal mode of operatiom, ventilation
air is drawn into the building through a prefilter by the supply air fan, by-
passing the high efficiency filter/adsorber system (see Figure 12). Outdoor
air and return air from the TFA are mixed by modulating motorized dampers.
Normally, the dampers are positioned so that the inlet air damper admits only
the minimum required ventilation air. A cooling coil removes the sensible and
latent heat of the ventilation and return air streams and the fan heat. Cool,

1
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coil is used to reheat the air to the supply air temperature required to meet
the TFA load. A closed loop controller on a humidifier controls the amount of
moisture added to the air stream. Most of the ventilation air is exhausted
from the TFA through the toilets with a powered exhaust system. The remainder

of the ventilation air is exhausted from the TFA via the CCA. The amount of

PR D,

air leaving by this route is controlied by a damper. The actions of all dampers

are controlled to provide a small positive pressure (0.02-0.05 inch wg) (0.51-
1.27 mm wg) in the building under normal operating conditions.

5.1.5.2 CW Operation Mode. 1In the CW mode of operation, motorized valves
are actuated so as to direct the flow of outdoor air through the high effi-
ciency air cleaning system. A high pressure fan forces the ventilation air

fee a1 o4 o _ 4 _ fUDDAY £21a_ o o1 4 __ _
Lnrougn a ng[l eIIl(.-leIl(,y particuiate arresitance (nora) riiiter ana wrays or
adcnrhant ~A~Aamnnaininde +hat ramove n‘-\om1r-n1 aonnt vanors Tho mnfnrivnr‘ Aamnarc
aGscroent \.umyuuuuo cnal remeve caem u6y; T uyv;u ine oierize rs
f

Careful design is required to keep the outdoor airflow requirements in the CW
mode as small as possible to minimize the size of the chemical filter system.

In the CW mode of operation, the amount of ventilation air required may be set
by the cleansing airflow requirement of the CCA rather than personnel ventila-
tion requirements.

b

5.2 Design Calculations. The CW shelter can be treated as a single zone
for design purposes: the TFA. The heating, cooling, and humidification loads
are based on analysis of the requirements of the TFA. The CCA is used only
for transient purposes and should not be conditioned for human comfort.

In the normal mode of operation, the air supplied to the TFA must be

i

at a temperature and volume fiow rate to meet the peak load condition. The
nonalr 1TAaad mav ha +ha lavoact Af +tha eancihla v latant intarnal nnlinoe l1nad
Pcal\ Avau mua Mo viic LaLéCO\- L 11c o l v i Fs vTiLw .l.lleJ.lluA VU Lang avau,y
heating load, or ventilation air load.
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In the CW mode of operation, the larger number of people and other
heat and moisture scurces in the TFA will result in larger internal sensible
and latent loads. An increase in the ventilation load will also result from a
larger number of people in the TFA during CW operation.

5.2.1 Calculation of Heating load. Two calculations of heating

requirements for the CW shelter are necessary: One calculation for the normal

mode of operation and one calculation for the CW mode of operatlon Use the
appropriate climate data and the $7.5 percent winter design day for the

heating load calculations for both modes of operation for the TFA. Shelter
deslgn information, such as bui1dina size, orientation, and construction are

itectural plans The heating load is, in general,
governed by transmission heat loss and heat load caused by ventilation air.
As a minimum, use the American Society of Heating, Refrigerating, and Air

Conditioning Engineers (ASHRAE) manual method of heating load estimation
presented in ASHRAE 1388 Handbook - Fundamentals, or in ASHRAE 1987 Handbook -
WUIIA Crarotmrme aed Aol 2 o f oo TTe s ~ & o mm o e im e e PR T [P T
1IIvAy O YODSLEHID dadllu ApplLliCdal LOIlS ., Use OL d CUHIPULCI_ pLUngﬂl LU cdiculdaLe Liie

heatine 1oad ie etronclv rerammended Manv 1aad analywedie nranrame avra

........ g load is strongly recommended Many lcad analysis programs are
available for use on personal computers. These programs are accurate and
easier to use than manual calculation methods. Indoor design conditions

should be selected to comply with the winter comfort zone d;y bulb temperature
(see ASHRAE Standard 55-1981, Thermal Environmental Conditions for Human

Occupancy).

A1t ]l A+ Av A Anl e~ -~ T ) . 1 ~n A S a2 A A
5.2.2 Calculation of Cooling Load Use the approprt iate climatic data,
shelter construction data, and internal load data to calculate the coeling

load for the TFA in both normal and CW operation using the method presented in
ASHRAE Handbook of Fundamentals, Chapter 26. Use the 2.5 percent summer
design day dry bulb and wet bulb temperature data for the cooling load calcu-
lation. Repeat the cooling load calculation for the winter design

conditions - cooling may be required year around. Use the data presented in
the summer comfort region from ASHRAE STD 55-1981, as the interior design
conditions. Use of a computer program is especially recommended for
calculation of the cooling load.

5.2.3 Calculation of Moisture Load. The humidity in the TFA must be

controlled for reasons of human comfort, process control and materials
storage, control of static electricity, and control of airborne infections.
The recommended humidity levels in the TFA during summer and winter are

presented in ASHRAE STD 55-1981. The air supply to the TFA may need to be
humidified during normal winter cperation and dehumidified during normal
summer operation or CW mode operation. The net humidity gain or loss is the
difference between the desired humidity ratio in the TFA and the humidity
ratio of the air entering the coil section of the air handling unit

5.2.4 Calculation of Ventilation Air Requirements. A procedure for cal-
culating the ventilation air requirements and the zone pressure relationships
is provided in Paragraphs 5.2.4.1 through 5.2.4.3. Determining the airfiow
requirements in the CW mode cof operation is the most critical part of the
preliminary design process. The airflow in the CW mode must clean the CCA and

provide ventilation air to the TFA, yet the airflow must be kept to a minimum
to keep the size of the partlculate and chemical filter systems as small as
possible. The airflow requirements for the CW mode of operation will govern
HEPA filter sizing and may influence fan and duct sizing.

(o)
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5.2.4.1 Normal Operation Mode Ventilation Requirement. For the norma} mode
of operation, the ventilation air requirement is 10 cfm/person (0.283 m™ /min
per person).

5.2.4.2 CW Operation Mode Ventilation Requirement. The ventilation air
requirement in the CW mode of operation is determined by the amount of clean
air necessary to provide clean air showers in the AL and CB and to keep the
toxic concentration below a specified level in the VHA and the LHA. The re-
quired air volumes have a direct relation to the volumes of the rooms that
comprise the CCA area. Therefore, it is very important to keep these rooms as
small as practical. A configuration is presented in Figure 11.

There are two ways to keep the level of toxic agents in the air in the
CCA below an acceptable limit value: use a high velocity (50-100 feet/minute)
(15.24-30.48 m/min) uniform flow of clean air from ceiling diffusers to floor
discharge grilles to capture the vapors as they are released into the air and
sweep them out of the room, or dilute the contaminated air in the CCA with
enough clean air to reduce the concentration of toxic vapors to an acceptable
level. A quick calculation shows that the amount of clean air required to
implement the "capture velocity" principle in the larger rooms of the CCA such
as the VHA and LHA results in prohibitively large airflow rates. (For example,
the small gCA illustrated in Figure 11 would require 20,000-40,000 cfm (566.34-
1,132.68 m  /min) of clean air.)

Therefore, dilution ventilation principles must be applied to re-
duce the amount of toxic material in the CCA to an acceptable level. To do
this, the designer needs to know: the rate at which toxic substances are re-
leased into the air of the CCA, and what are the acceptable levels of concen-
tration for the different toxic materials. One procedure is presented in
Appendix A for estimating the amount of ventilation air required by a shelter
operating in the CW warfare mode.

5.2.4.3 Recommended Airflow Configuration. The recommended airflow con-
figuration for the CCA ducts clean air from the TFA or a separate supply duct
in an amount equal to the larger of either two air changes/minute in the AL or
the design VHA airflow, first through the AL and then through the VHA. The
air exhausted from the VHA is ducted to the LHA air inlet. The recommended
airflow configuration also ducts clean air from the TFA or a separate clean
air supply duct in an amount equal to the design VHA airflow through the CB.
The exhaust from the CB is also ducted to the LHA air inlet. If no better
data are available, design the air supply system to provide the AL with two
air changes per minute of clean air and to provide each of the other rooms of
the CCA (VHA, CB, and LHA) with one air change per minute of clean air.

The airflow configuration that results in the minimum clean air
requirement cascades clean air from the AL through the VHA, through the CB,
then out through the LHA. This design should be applied with caution, because
the inlet air to the CB (the exhaust air from the VHA) might have unacceptably
high contamination levels. The recommended configuration has a separate clean
air supply for the CB. During the CW operation, the normal exhaust path for
toilet exhaust is blocked by a closed valve. In the CW mode, toilet exhaust
can be ducted into the TFA exhaust stream or a greater proportion of the clean
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air supply can be directed through the TFA to provide dilution ventilation.
I‘UL!:', Llldl- .LJ. water bllOWefS or bpa(.e IUI outer garmenL SLorage are 80060 to tﬂe
CCA, the required volume of decontaminated air must to be increased.

Usually, air cleaning systems are designed as '"once through" or "100
percent outdoor air" systems. Thus, all of the air from the CCA would usually
be exhausted outdoors. An alternative design exhausts only,a portion of the
air from the CCA to the outdoors (typically 10 cfm (0.283 m~ /min) per person),

adds an equal amount of outdoor air to the CCA exhaust, and returns the mixture

b
R 4+ 1~ Tl mermdmon  2cam o dsnmomn ol AL o L2V oo i m m e [ I R
LU a pULllL J.ll LllU dLL L.Lt:dll.l.lls bychm upstcieain OlL tLiie ]._LJ.L r plebbUIlLdLlUIl
fan. A recirculating air cleaning system reduces the amount of outdcor air

brought into the shelter and, therefore, reduces the required capacity of the
heating and cooling components. Also, the filters and adsorbers should last
longer because the amount of contaminants taken into the air cleaning system
is reduced. However, implementing this system design requires additional high

pressure ductwork, dampers, and controls. The cost of these additional compon-
ents may exceed the incremental cost of the larger heating/cooling capacity
required by a 100 percent outdoor air design. Note that the flow through the
filter-adsorber system is the same for both the once through and the recircula-

tion air cleaning system designs.

5.2.5 Filter-Adsorber Sizing. In designing a filter system, the capacity
and efficiency required are based upon the maximum challenge concentration
anticipated and the length of time this challenge may exist. Once the worst-
case challenge has been identified, the reduction ratic {and hence, capacity)
required by the filter system may be computed from the formula,
CI‘\
EQUATION: — = R 21
Q C . min (21)
i
where
sl e TP [ R E _ L _ ¢ B a1 Vo B I S -1 1
(¥ - LOIlLeIlLIdLl()Il Oor ulemlcal ngl'l ledving tne riiter-aasoroer
° cevaetam
system 3
= maximum allowable concentration entering the TFA, mg/m
C, = concentration of chemical agent entering filter-adsorber
- system 3
= worst-case challenge, mg/m
R = minimum agent reduction ratio required of filter-adsorber
min e
system

The minimum capacity required is obtained by multiplying the worst-case chal-
lenge by the time the shelter will be occupied and by the airfiow rate. The

deeto T 4 e _ anh
designer shall use a reduction ratio of ., =10 .
As an example of sizing the f L11¥er and adsorber system, suppose the

at+ «

’DL—CIII ou
filter system must be sized to provide protection for 4 days without changing
the filter-adsorber units. The maximum allowed dosage in the TFA for any agent
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where

Aq = effective area of the airlock door opening
To effect inward flow to the AL, the airlock must be provided with a properly
designed discharge danm per The AL discharge damper is controlled so that

EQUATION cfm =V ., lock ¢ 2 acm 27
air

and the desired differential pressure is maintained., UWhen the access door to

the TFA is opened, the airlock supply air damper closes and the discharge

damper is p051t10ned so that all the AL supply air is drawn through the opened

door. The discharge damper is positioned so that sufficient air flows from

the TFA into the AL to maintain a velocity of approximately 100 fpm (30.48

m/min) through the door opening. Control of the supply and discharge dampers

is most accurately done with electronic control devices. However, by careful
A5

design, balanced or spring loaded damper systems may be made toc do the job.
5.2.6.1 Air Velocity. Care must be taken to ensure that the velocity of

air out of the TFA through the AL doors is approximately 100 fpm (30.48
m/min). Although this value is less than the prescribed 150-fpm (45.72-m/min)
velocity recommended for toxic vapor control, a lower value is allowable for

AL doors because the likelihood of crossdrafts affecting the flow pattern is
small. Also, the total area of a door opening is seldom experienced since
personnel open the door only wide enough to enter, thereby, resulting in an
inward velocity greater than 100 fpm (30.48 m/min).

5.2.6.2 Air Shower. Before entering an AL, personnel activate a timer

that unlocks the door to the TFA after the preset time. This assures that
entering personnel will receive an air shower of at least 3 minutes (but not
exceeding 6 mlnutes) b fore entering the TFA. Personnel remove their
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5.2.7 Pressurization Requirements. The internal pressure 1 A
determined by the condition that the fan system be able to exhaust air from
the building against the worst expected wind velocity pressure on the air

handler discharge side of the building. A wind pressure chart is presented in

Figure 13. Use a 30-mph (48.28 km/h) wind speed for design purposes. There-

t

S

fore, the fan system should produce an overpressure at the discharge from the
TIIA £ N € 21 11 /£ o\ L 1Y N ML e o ocsae s 2an anal ~AF tha vanmo Anan
Lna OL V.40 1ncn (l11.405 mun) o1 nu llle pressure i1 €acii V1L Liie rovvum COTi-
necting the LHA to the TFA is higher than that in the LHA to produce airflow
in the required direction. A typical pressure increment is 0.1 inch (2.54 mm)
of Hy0 Therefore, the TFA might be pressurized to 1.0 inch (25.4 mm) Hy0
relative to the outdoors

5.3 Mechanical Equipment Design and Selection Guidelines. Much of the

material presented in this section was adapted from information presented in
DM-3.03, Heating, Ventilating, Air Conditioning, and Dehumidifying Systems,
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Table 7
Typical Characteristics of Open-Face HEPA Filters
Nominal Airflow
Filter Size Capacity* Apperimatgroye;all Weight»
(in.) chm) of Filter (1b) (Steel Case)
8 x 8 x 3-1/6 25 3
8 x 8 x 5-5/8 50 5.8
i2 x 12 x 5-7/8 125 7.3
24 x 24 x 5-7/8 500 22
24 x 24 x 11-1/2 1,000 40

*These airflow capacities are recommended for design purposes
only. Some newer filters constructed to these dimensions are
rated at airflows 25 to 50 percent higher at a maximum drop of
1.0 inch wg (25.4 mm wg).

c) Selection. For logistical reasons, HEPA filters of standard
design are generally preferred. However, the important advantage of simpli-
fied installation may be of overriding consideration even if it involves the
disadvantage of a special filter design.

5.3.4.7 Adsorber Cells
a) Agent Vapor Removal Methods. Most agent vapors can effectively
be removed from the inlet airstream by one or more of the following methods

e Physical adsorption on a spongelike surface of attracting
material, such as activated carbon, alumina, or ion-exchange resin.

a A
® O

e Chemical reaction, as with sodium hydroxide, in a packed gas
scrubber.

e Combustion into harmless basic oxides by incineration.

@D
3

s consist of beds containing an adsorbent, such as
activated carbon, used for removing contaminant gases or vapors from the air.
The types of adsorber cells considered for CW protection operations are in-
tended for very high-efficiency air-cleaning service and not for common
industrial applications.
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b) Adsorbent The adsorbent is the material in the adsorber cells
that removes gases or vapors from the airstream to prevent their escape into
the shelter. Agent capture is accomplished by physically retaining the
gaseous molecules or, if the adsorbent is impregnated, by chemical reaction,
depending upon the type of chemical agent involved. The adsorbent is often a

coal-base or coconut-base activated carbon meeting the following
specifications:

Test Used Value Specification
Iodine Number, Minimum* 1,000 MIL-C-13724%%
Carbon Tetrachloride Adsorption, 59 ASTM D3467%**%%*
Minimum, % Weight#*
Ash, Maximum, % 8.0 MIL-C-13724
Total Volatiles (150°C #* 50°C 4.0 MIL-C-13724
for 3 hours), %
Hardness Number, Minimum 90 MIL-C-13724
Apparent Density (Bulk Density, Dense 0.48 MIL-C-13724
Packing, Minimum, g/cc
Packed Column Test (to determine maxi- 0.4 Unpublished test
mum total capacity of GB agent re- procedure
tained on adsorbent), Minimum, grams
agent/grams adsorbent
Particle Size (3-min shake test) ASTM D2862 and
ASTM E323%%%%
Sieve Size Percent Retained
8 mesh 0.5
8 x 12 mesh 35-65
8 x 16 mesh 35-65
16 mesh (through) 1-5

* Both of these tests are not required. The carbon tetrachloride
adsorption test is preferred but the iodine number test may be
run as an alternative.

*% MIL-C-13724, Charcoal, Activated, Impregnated ASC.

*%* ASTM D3467, Test Method for Carbon Tetrachloride Activity

of Activated Carbon.
*hkx ASTM E323, Standard Specification for Perforated-Plate Sieves for
Testing Purposes (DoD adopted)
5.3.4.8 After-Filters. An after-filter is an HEPA filter installed after

the adsorber bank. The purpose of the after-filter is to catch any particles
of contaminated adsorbent that break loose from the adsorber cells and find
their way into the airstream.

5.3.4.9 Extreme Environmental Conditions Special or unusual environmental
conditions may present problems to the filter system. Several conditions that
must be considered during the design phase to preclude costly changes after

the equipment is installed are:

~J
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a) The type of environment in which the filter system will operate.
Specific design features and requirements may vary depending on the climate,
such as cold/wet, hot/wet, cold/dry, or hot/dry, and altitude.
g weat truction materials
should be selected or treated to resist corrosion and degradation that could
result in loss of performance when exposed to specific environmental conditionms.

(c) Temperature and humidity. Gauges and other instrumentation and
equipment should be designed or selected to withstand the temperature extremes

anticipated at the specific site. Temperature and humidity, unless extreme,

do not normally appreciably degrade particulate filters. Prolonged exposure
can degrade the adsorbent with respect to certain chemical agents primarily
removed by chemiso p tion (i.e., by impregnated adsorbents). Physically-
adsorbed agents (e , those removed by activated carbon) are affected to a
lesser extent

5.3.4.10 Spacing. The spacing between filter-adsorber units should be adequate
to permit easy changeout of filter-adsorber units. Adequate spacing to perform
basic maintenance on the blower assembly should be provided. The location of
the blower relative to the initial filter bank should be such that uniform air
distribution is obtained across the filter bank.

Space considerations determine the actual location of the filter-
adsorber system in a CW shelter. An indoor location in a ventilated area is
preferred. The filter-adsorber units should be securely fastened (e.g

bolts) to a concrete pad or other solid foundation. The units must be instal-
1 level and at an elevation to allow for drainage and alignment of the duct-
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Unless specific safety criteria demand otherwise, it is recommended
that a path at least 5-feet (1.52-m) wide be provided to access the filter-
adsorber units and the filter blower asssembly. In addition, there should be
access for a forklift truck to reach the housing to assist in the changeout
operations.

5.3.4.11 Sizing and Unit Selection. It is strongly recommended that the shelter
air cleaning system be designed around one of the standard military CW filtra-
tion units listed in Table 8 and described in detail in Appendix A. The units

listed in Table 8 incorporate all of the features discussed above, meet all
applicable military standards for such components, and are often military stock

By using interconnected, individual filter-adsorber units, such as
those listed in Table 8, the air cleaning system can be any required size.
However, there are certain limitations that apply to the individual modules.
Generally, the filter-adsorber unit is limited in size because of: (1) ease

of moving the filtration units, (2) the ability to test the filters and adsorbers,
(3) the requirement to provide uniform airflow, (4) space availability, and

(5) improved ability to manage system upsets. Any arrangement of individual
filter-adsorber units must be designed to facilitate unit replacement.

78
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Table 8
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Flow Capacity (ft>/min) 600 1,200 2,500
Designation of HEPA filter! C18R1 C19R1 C30R1
Designation of Adsorber Cell2 c10 €31 c21
Designation of HEPA + Adsorber M14 M15 M16
Designation of Filter C22R1 C32R1 C29R1
Adsorber module3

Length (in.) 34.5 62 62
Width (in.) 25.5 25.5 48
Height (in.) 25.5 25.5 25.5
Weight of Adsorbent (1b) 160 320 640
Initial Flow Resistance (in. WG) 2.75 2.75 2.75

U.S. Air Force Fixed Installation Filter Systems
1. 1In the CONUS
Flow Capacity (ftg/min) 600
Designation of Filter Module FFU-17
2. 1In Europe
Flow Capacity (ft3/min) 353

U.S. Navy Fixed Installation Filter Systems

Flow Capacity (ftz/min) 200

W N
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MIL-F-51215, filters, particulate, (600, 1,200, 2,500, and 5,000 cfm)
MIL-F-51213, filters, gas, (60, 120,and 250 cfm)
MIL-F-51214, filters, gas, (600, 1,200, 2,500, and 5,000 cfm)
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If the required capacity of the filter-adsorber system cannot be
achieved by using a combination of standard module sizes, it is recommended

that the system be oversized and any unused filter-adsorber units blanked off
Oversizing does not significantly increase the price of the system since a
standard unit is still being used (as opposed to the price of a custom sized
unit of nonstandard capacity). Another advantage of an oversized unit is that

by installing a larger blower and activating the closed- off filters/adsorbers
sections, the filter-system capacity can be increased later at minimal cost
should the need arise.

-t b

ng the required airflow through the ventilated area. Since the total static
ressure of the system is not constant but undergoes a continuous slow increase
due to dust buildup on the particulate filters, the system must be capable of
compensating for the increased static pressure and maintain constant airflow.
Two types of flow control systems (centrifugal fan with flow- control dampe
the duct and centritugal fan with variable iniet vanes), hax
s
wi

.12 Blower Assembly. The fan in the blower unit must be capable of push-
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should be sized to provide the required airflow in the CW mode at head equal
to the maximum HEPA filter pressure loss plus the duct losses plus 1.5 inch

(38.1 mm) wg. The supply fan should be sized to provide the required airflow
in the CW mode at a head equal to the greater of: (a) the duct losses in the
normal mode of operation plus 0.50 inch (12.7 mm) wg, or (b) the losses in the
discharge air path in the CW mode of operation plus 0.50 inch (12.7 mm) wg.

.
When in doubt, oversize the fans.
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Since the supply air fan must supply two different volume flow rates
at about the same increase in head, a method must be provided to vary output
capacity of the fan. The output capacity of the supply air fan should be varied
by changing the fan speed. Use of a two-speed motor or a variable speed drive

mechanism is recommended. A centrifugal fan with an external damper must be
sized to the maximum static pressure expected and always operated at this maxi-
mum condition. When the particulate filters are clean and the total static

pressure in the ventilation system is minimum, the control damper is closed
sufficiently to increase the static pressure to its maximum level. As the
filters gradually clog and build up static pressure, the outlet damper is opened
to maintain constant flow. A fan with inlet-vane control must also be sized

for the maximum condition anticipated. At startup, with clean filters in the
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the system. As the static pressure builds up, the position of the inlet vanes
change to keep the total static pressure at a constant value.

A backup filter pressurization fan should be installed parallel to
the main fan unit. Backup supply air and or return air fans may or may not be
needed depending on the details of the system design, room sizes, duct lengths

and so forth. A propeller fan should be used for toilet exhaust. Fans should
be belt driven with multiple belts for improved reliability. See DM 3.03 for
additional details on fan system design.
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5.3.4.13 Fresh Air Intakes/Exhaust. Fresh air intakes should be well above
the ground, and should also be away from chimneys and exhaust systems. The
preferred location for the fresh air intake grille is high on a wall on the
windward (relative to the prevailing wind direction) side of the shelter

building. The inlet shall be protected by a blast valve. Fresh air intakes
should also avoid truck loading areas. Fresh air intake louvers should have
eliminator baffles to prevent rainwater or snow from getting into the filters.
In areas which receive snow, the minimum height of the air intake above the
ground should be greater than the anticipated snow depth.

The shelter exhaust outlet should be located as far as possible
from the fresh air inlet to preclude short circuiting of exhaust air into the
fresh air intake. The preferred location for the exhaust grille is high on
the leeward wall of the shelter. This location will usually be a low pressure

area. The exhaust outlet should be protected by a blast valve.
Penthouse openings for the air inlet and exhaust can also be used

if the openings are designed to minimize short circuiting of exhaust air into
the air intake.

a) Duct Design. The air distribution system should be designed to
provide a constant volume airflow and maintain the CW shelter at the design
positive pressure. Constant air volume can be assured by use of fans with a

eply rising pressure volume curve and application of variable capacity fan

Tha Aacicorn ~AfF air cvatrame oshall ha $en adasm~aedoeaas 3+l 1
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procedure and considerations outlined in the ASHRAE 1988 Handbook -
Fundamentals, Chapter 33. Use of a computer program for duct sizing and

terminal selection is recommended. The equal friction method is recommended
to determine the appropriate ductwork size for most systems. Effort should be
made to minimize duct fittings.

b) Construction Requirements All ductwork in contamination free
areas should be constructed in accordance with the Sheet Metal and Air Condi-
tioning Contractors’ National Association (SMACNA) HVAC Duct Construction
Standard - Metal, and Flexible. No duct carrying contaminated air shall pass

through a clean space.
Ductwork passing through contaminated areas must be airtight to
prevent intake of contamination in case positive pressure is lost. Gauge,

number, and size of reinforcements depend on pressure in the duct. All seams
and tramnsverse joiﬁts should be welded, with, insofar as possible, the minimum
number of companion-flange gasketed joints necessary for erection and dismant-
ling Gasketing between all welded joints must be 1/4-inch (6.35-mm) minimum

.

a
thickness to provide sealing. All ductwork should also conform with National
Fire Protection Association’s NFPA Standard 90A Standard for the Installation
of Air Conditioning and Ventilating Systems, and 90B Standard for the
Installation of Warm Air Heating and Air Conditioning Systems. Do not provide
access doors in the duct work in the DMR or other contaminated area.

c) Room Air Distribution. The ceiling-to-wall airflow pattern
(Figure 16) is recommended for all rooms of the CW shelter. Additional
recommendations include

o
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e Avoid direct connection of air outlets to the main ductwork
system, especially if the air velocity in the duct is higher than the neck
velocity. For proper installation, the neck length shall be four times the
effective diameter of the duct.

@ Prov

oV ach supply outlet with a set of deflectors so the
approach velocity wil

ide
1 be niform and perpendicular to the outlet face.

e Each supply outlet shall have a volume control damper for
balancing at the junction of the branch duct and the main duct. Provide volume
dampers or splitter dampers in ductwork where it is necessary to obtain proper
control, balancing, and distribution.

‘
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shall be

d) Flow Regulation. For the normal mode of operation, use automatic
opposed blade dampers when modulating control is required. In the CW mode of
operation, motorized dampers are used to regulate the amount of air flowing to
the CCA and TFA. These dampers shall be of opposed or parallel blade design
with a nominal leaskage rating of 10 percent or less under rating conditions.
When air backflow is to be stopped, use self-closing gravity operated back-
draft dampers.

The motorized valves used to switch the HVAC system from normal
operation to CW operation should be bubble tight butterfly valves of the same
nominal diameter as the ductwork. The valves should be leak proof. Security

from leaks can be achieved by using two valves in series, operated in unison,
and separated by a short distance (two or three duct diameters). As an added
safety feature, the space between the two butterfly valves can be pressurized
with clean air from the disoharge of the filter-adsorber assembly. The valve
operators should be capable of closing or opening the valve in less than 10
seconds.

5.4 HVAC System Controls.

5.4.1 General. It is very important that the control systems for equip-

ment that conditions the CW shelter work reliably. Reliability is obtained by

using quality control components, redundant sensors and controllers, and a
distributed control system design. Only industrial quality analog electronic
or digital electronic controllers should be used. Proportional-integral con-

trollers are recommended for all applications. No pneumatic controllers shall

ha ~L +i .

be used because of the requirement to provide and maintain an air compressor

and air dryer. The exceptions to this guidance are situations where an explo-
sive hazard exists or where electromagnetic interference might render electronic
controls inoperative.

5.4.2 Local Loop Controls.

5.4.2.1 Supply Air Fan. The supply air fan should be on when the CW shelter
HVAC system is in operation. If the required capacity of the supply air fan

in the CW mode of oepration is different from what is required in the normal
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mode of operation, the capacity of the supply should be adjusted to meet the
airflow requirements The pressure rise across the supply air fan need not be
changed.

The shelter pressurization fan should be on when the shelter is
operated in the CW protection mode. The shelter pressurization fan should be
of sufficient flow capacity and pressure increase to force the required quan-
tity of outdoor makeup air through the f11ter adsorber system and into the TFA

at the design TFA gauge pressur Ai
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t the TFA. The r
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ficient flow to tic pressure at this noint equa
the desi lue (for example, 1.0 inch (25.4 mm) wg). People entering or
exiting the shelter will cause the pressure in the TFA to decrease. The

pressurization fan control system should sense this pressure drop and act to
increase fan output to keep the pressure in the TFA at the design value. 1In
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1 d to meet the additlonal ventilation airflow
rates. Because the supply air fan is in series with the pressurization fan,
the pressure rise caused by the supply fan will be added to the discharge

pressure of the pressurization fan. The pressure rise due to the supply fan
is, however, small compared with that of the p1 u
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lated to keep the temperature of air leavi he coolinz coil equal to the
controller setpoint temperature w1th1n about 1 F (0. 56° C). A typical cooling
coil discharge temperature is 55° F (12.78° C). The cooling coil discharge
temperature may be set to a higher value as an energy conservation measure if

conditions of cooling load and space humidity permit.
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. eheat Coi tric reheat coil should be controlled to preo-
vide supply air at a temperature necessary to meet the space conditioning load.
This means that at conditions other than the maximum cooling load, the supply

air to the space will be reheated. Input to the reheat coil controller is
from the space thermostat. As the space temperature increases, less reheat is
called for and vice versa.

If space heating is required, the cooling coil should be shut off
and the heating coil controlled to provide the desired space temperature. The
heating coil control can be either modulating, stepped, or on-off

5.4.2.4 Humidifier. The humidifier is controlled by a humidistat in the
TFA. As the humidity in the space decreases, more moisture is added to the
air. As the humidity increases, less moisture is added. The humidity sensor

should be located where it measures the moisture in the air leaving the room.
In this way the moisture added to the air by people and activities in the

’
chaldor 4e arcn
shelter is accounted for.
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tur
tion, to p
ventilation air and the exhaust dampers shall open to
the ventilation air (less the toilet exhaust). 1In the CW mode of operation,
two inlet dampers in the CW mode flow path are modulated so as to provide the

required ventilation airflow rates to the TFA and the CCA. 1In the CW mode of

operation, it is usual to have all of the exhaust air from the TFA exit the
shelter via the CCA. The flow of exhaust in the CW mode is governed by
qutomatic flow control valves in the rooms which comprise the CCA. These
valves are controlled to maintain the required flow rates and directions of

the exhaust air as people enter and leave the shelter. When the CCA is not in
use, there is no large demand for ventilated air. In this situation, dampers

are modulated to reduce the amount of outdoor air drawn into the shelter to a

minimum. The control signals for the damper controllers come from airflow

measuring stations downstream of the fan and in the supply duct to the
N Tha {1nla+ avhaat+ - [N
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5.4.2.6 System Control Valves. When the shelter HVAC system is in the normal
mode of operation, motorized valves are controlled to bypass the CW filter-
adsorber system In the normal mode, air exits the shelter through the exhaust
duct, the toilet exhaust, and through the corridor (CCA) Valve actuators and
controls should be designed so that the system fails to the CW mode Qf operation.
In the CW mode of operation, the outdoor air passes through the filter-adsorber

system before entering the shelter.

5.4.2.7 Monitoring and Instrumentation Several quantities need to be moni-
tored by the shelter management staff to assure optimum system reliability and
performance. First, independent position indicators should confirm the position
of all airflow control valves and dampers. Second, filter and supply fan dis-
charge static pressure and flow rate should be measured and reported. The

gauge pressure (relative to outdoor pressure) in all rooms should be measured
and reported. The contaminant level upstream and downstream of the HEPA filter-
adsorber system should be monitored. The total pressure losses across the

prefilter system and the HEPA filter-adsorber system should also be monitored.
Information on mechanical equipment such as refrigerant compressors, generators
pumps, etc., should also be monitored as deemed necessary.

All monitored quantities should be read from one central data monitor-
ing panel (CDMP). This central panel should display a schematic diagram of
the shelter mechanical system, which clearly indicates the equipment items for
which data are being displayed. Also, the system should be capable of being

changed over from normal to CW operation with one switch located on this central
panel Critical data values, such as contaminant level, filter pressure loss,
airflow, or gauge pressure, should be compared against critical values and an
alarm shall go off when these critical values are exceeded. The alarm should
consist of both audible and visual signals
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All control element actuators, e.g., valve and damper motors, motor
starters, etc., should have manual overrides so that the device can be posi-
tioned or activated by hand if necessary. Backup instrumentation, such as
manometers and dial thermometers, should be installed on critical system
components.

5.5 Survivability and Reliability.

5.5.1 General. Heating and air-conditioning equipment installed in CW
protection facilities should be rugged enough or protected to withstand the
shock {ground motion) and overpressure effects of weapons. Experience has
proven that standard air-conditioning equipment can be used in CW shelters if
properly specified and protected.

5.5.2 Redundancy of Equipment. Systems requiring a high degree of reliabil-
ity should include redundant units that automatically start and maintain the
load should the operating unit fail. The required degree of reliability is
based on the function of the facility, allowable downtime for critical systems,
type of facility operation (continuous or standby), type of system operation

£ smmonnd oo mae Va1l P R P e AL mandend e A~
\ireluuete vl ivcairy, allu ucchc UL madiiteciliaunucce.,.

The design of the total system must provide backup or redundant features

to continue decontamination in the event of the loss of a primary system. The
design techniques for incorporating redundancy into the basic filter design
are series redundancy and parallel redundancy (see Figures 17 and 18).

5.5.2.1 Series Redundant System. With a series redundant system (Figure 17),
no contamination should ever reach the air supply. When breakthrough of the
first adsorber bank occurs and the agent monitor activates, the second adsorber
bank still provides complete protection until operations can be shut down and
a new first bank installed. In theory, each of the two adsorber banks should
be sized to provide the full adsorptive capacity required for the worst case
expected. Thus, if the first bank is penetrated, a second bank providing com-
plete protection would be already on line. However, in view of cost, space,
and/or power limitations, it may not always be practical to have each adsorber
bank provide 100 percent protection.

Both adsorber banks of a series redundant system should be the same
size and should, between them, provide the total adsorption capacity of the
system. In case of a breaskthrough by the first bank, as announced by the
monitor, sufficient adsorption capacity remains in this bank to reduce the
agent challenge concentration to the second bank until the problem can be
repaired. As a consequence, the second bank suffers minimum agent intrusion
and its life (and, hence, protection) is prolonged.

5.5.2.2 Parallel Redundant System. A parallel redundant system requires a
completely separate (secondary) system through which airflow can be diverted
if a malfunction or failure occurs in the primary filter system (see Figure 18).

series-redundant filters and adsorbers together with a dampering mechanism
capable of switching between the two systems. As an added safety feature,
each system may be connected to a different power source.
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Parallel redundancy is required in many radiological protection
applications. For CW shelter use, however, total parallel redundancy may not
be practical or necessary in view of cost, space, and power considerations.
5.5.2.3 Other Factors. 1In addition to redundancy,; there are other safety
features that can be incorporated into the ven ilation system design criteria.
For instance, in the event of a complete loss of airflow, it is essential that
the decontaminated areas be sealed airtight. This can be accomplished by the
use of fail-safe (closed) dampers. The dampers may be programmed to close
when a power loss occurs or when there is no airflow through the filter. Leak
tight ducts are also necessary to prevent contamination from migrating into
the ductwork in case of airflow loss or when differential static pressure
between the contaminated area and the outside enclosure drops below a pre-
determined value. Fans and pumps in critical HVAC systems should be installed
in multiples of two or three. The degree of reliability required will determine
whether units should be installed in multiples of two with each unit designed
to carry 100 percent of the load or in muitiples of three with each unit de-
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tenance. Remotely operated valves in critlcal fluid s stems should use two
valves in a series to ensure reliability of facility 1solat10n during the
normal to CW changeover phase.
5.5.3 Survivability of Equipment. The overriding requirement of CW facility

design is survival of equipment and personnel to complete the mission for which
it was designed. A detailed dynamic analysis must be made of the supporting

structure and the magnitude of motion and acceleration established at the mount-
ing points for each piece of HVAC equipment.

Medium weight machinery, such as pumps, condensers, and air-conditioners,
weighing from 1,000 to 4,000 pounds (453.9 to 1814.4 kg), can sustain accelera-

.y by 2
tions (exgressed in units of g), the acceleration due to gravity or 32.174 ft/sec
(9.81 m/s”) of approximately 15 gs without damage. Airblast pressure on fans
must be limited to 5 psi (34.47 kPa) to prevent damage due to the rapid accelera-

tion of fans. Light machinery (1,000 pounds (453.6 kg) or less) such as fans,
small motors, etc., can sustain accelerations of approximately 30 gs without
damage. Where accelerations exceed the allowable limit of equipment available,
the equipment must be mounted on shock isolation platforms.

The designer must specify, where feasible, certain features which

b
will enhance the survivability of hard-mounted HVAC equipment. Double inlet
fans and double suction pumps withstand shock and ground motion induced forces
better than some designs because the fan wheel or impeller is supported on

both sides with outboard bearings. Conversely, single inlet fans and pumps
with overhung wheels or impellers should not be used on CW shelter installa-
tions unless they are mounted on shock isolated platforms.

rE £ 2 1 OL Y. o d Nermcnenam 332 Manlb a chaanls 4o o ade ~la nnln awvatam
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might be produced by explosion in an operating area of the building, by an
earthquake, or by rapid compression or decompression of the air inside a system
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caused by sudden opening or closing of a damper, enclosure, or housing door.
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When pressure transients last for periods measurable in seconds, static pres-
sure is primarily responsible for any destructive effect. For shocks that
have a duration of only a few milliseconds with nearly instantaneous pressure

rise, as occur in most chemical explosions, destructiveness is primarily a
function of the momentum of the shock wave. Shocks produced by an earthquake
or inadvertent opening or closing of a damper usually fall somewhere between
these two extremes.

Protection of the filters and adsorbers against failure from shock
can be accomplished by isolating them to prevent the transmission of forces to
them and by increasing the shock resistance of ducts, housings, mounting frames,

and equipment supports. The shock resistance of HEPA filters can be enhance
by face guards, and similar treatment may sometimes improve the shock resis-
tance of prefilters. Most prefilters, however, probably have low shock and
overpressure resistance, and a screen installed between them and the HEPA filter
is recommended to prevent damage to the latter.

Protection of the primary filter components from explosive shock can
be achieved by providing sharp turns, heavy perforated plates, or cushion
chambers in the ductwork to "snub" shock forces, and by using fast- acting
isolation dampers. Although turning vanes, dampers, moisture separators, and

prefilters may be damaged by a shock wave, they may also serve to attenuate
its force to some degree and thereby provide a measure of protection to the
downstream filters and adsorbers. Damage to dampers, however, can result in

PRI 1

an 1ﬂ8011ity to control flows or isolate branch lines.

5.6 System Testing

5.6.1 Normal Mode Operation. The system must be balanced before any tests
are conducted. System performance in the normal (i.e., non-CW) mode of opera-
tion should be assessed using the current ASHRAE Standards for system testing
and qualification. All deficiencies must be noted and corrected.

5.6.2 CW Mode of Operation. Tests of performance in the CW mode of opera-
tion are varied and complex and, to a large extent, depend upon the specifics
of the shelter design. Thus, only general uldance can be given here. First,

a comprehen51ve test plan must be developed to ensure all equipment performs
as required and that the total system performs as required. The test plan
must also contain an analysis of the most probable faults and failures and how
the shelter protection system responds to these problems (and how the problems

(¢]
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o

5.6.2.1 Air Distribution Test. The air distribution can be tested without
compromising the HEPA filter-adsorber system by use of the filter bypass. The
filter bypass is a pair of orifices that offer the same resistance to airflow
as either a clean filter system or a loaded HEPA filter-adsorber system. Both
of these orifices are used to test fan control system performance under dif-
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ferent load conditions. Manufacturers data shall be provided which shows
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filter bypass orifices shsall match the filter-adsorber system pressure drop to
within 5 percent. Flow measurements must be taken in the rooms that compris
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the CCA to ensure that the flow volumes and flow directions are as required.
The gauge pressures in the TFA and the rooms of the CCA must also be recorded
dm manmeraea adan Al aabnecan anadent +hn Jdandsm redemda A1l wratlsvae £id4+4+deman ae A
LU e€elidbule allx uLbblldLsU d&d.LllbL LHE uToSlixylli wililiuo. faill vVvalveod, Litiiiigo, alilu
ducts must be checked for leaks. Position and status indicators and alarms
must also be checked.

5.6.2.2 Filter-Adsorber System Test. The critical test of the CW configura-
tion is the test of the filter-adsorber system. Although this is an expensive
test, actual chemical challenge tests of the air cleaning system are mandatory.
If the filter-adsorber system fails, the CW shelter will fail also. Tests
must be designed that generate particulates, aerosols, and traceable vapors in
+ha annryAanriata rAncantratinn-dinratdinn camantitioe fFAr {nocactinn hvy thoa chaltar
the appropriate concentration-duration quantities for ingestion by the shelter
air intake system. The concentration of these test materials must be measured
downstream of the filter-adsorber system. It must be confirmed that the con-
centration of contaminants entering the TFA is below the allowable concentration
in the TFA.
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SECTION 6: MECHANICAL - PLUMBING SYSTEMS DESIGN CRITERIA

6.1 Criteria. This section provides suggested criteria and design
guidellnes for the plumbing systems for chemically hardened facilities. The

plumbing system design for CW facilities will vary depending upon the usage of
the facility. During the CW mode, the facility will be isolated from base
water and sewage systems and the internal plumbing systems will have to pro-
vide adequate water and waste handling without outside support.
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a) Air conditioning water requirements.

b) Fire protection supply and waste water storage system
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with the following documents
il tne Id.i.iowling daocuments

a) MIL-HDBK-1190, Facility Planning and Design Guide

b) National Association of Plumbing Heating - Cooling Contractors,
National Standard Plumbing Code
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d) American Society of Plumbing Engineers, Special Systems Volume

e) International Association of Plumbing and Mechanical Officials,
Uniform Plumbing Code
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Plumbing Code

g) Plumbing and Drainage Institute, PDI-WH201, Water Hammer
Arrestors

h) Naval Facilities Engineering Command, DM-3.01, Plumbing Systems
L 9 Namact+tda TJatansr Qurmdam
U.L DOIHICOS LLL WdAadltEl JQySLEell
6.2.1 Water Service.

a) The water service to and in the building should be capable of
supplying water at a pressure and rate to satisfy the peak loads requirements
as determined by standard design procedures.

O
-



Downloaded from http://www.everyspec.com

b) An electric valve should be provided in the clean mechanical room
to close off the base water supply when the building is in the CW mode.

c) A backup closed-type refill system should be provided that
prevents contamination of the water. Backup water system will be provided by
wtatar tankar Av +tra{lar Cinnly and vantine l1dna ,cannact{inane ramnat{ihla with
wauvcT.L vaiinci i LigaiaiTcar uuyy;. CLLLA\A Vclll\—.Lllé 4 diiT WwWIiLIIT W W A VIO uvulyu\—.l.u;l: W4l LillL
truck hose should be located in the dirty mechanical room near the exterior
door. A purge capability should be incorporated. A gage should be installed

in the clean mechanical room with a low water alarm.

d) A water softening system should be installed if required by the
local water conditions.

e) Water filters should be in

stal
the water is supplied through a water sto

led on all drinking fountains if
rage tank.

6.2.1.1 Water Supply CW Mode. Water supply during the CW mode can be by
storage tank, water well, or a combination.
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Si8i1 D Pressurizeéed DYy a pressure tank wlitidl D00S5tier pumps (normai and standady
The main emergency water tank shall be located under the CMR but can extend
under the toxic free area. The tank should be built of or lined with non-

rusting, non-toxic materials. The domestic water system shall supply water

through the tank to prevent stagnation. The tank should be provided with a

means of adding a disinfection agent. Venting for the tank should be to the

CMR and have a charcoal filter on the vent. Size of the vent will be deter-
. :
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b) Water Well. The installation of water wells for the supply of

domestic water during the CW mode should be considered. The well should be
installed in the CMR or within the TFA.

c) Water Quantity. The amount of water required can be calculated
by the owin uation

With showers:

EQUATION: Q=P xDx[5+(2.5x8)] x1.05 (28)

EQUATION: Q=(PxDx5)x1.05 (29)
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where

Q = Total gallons of water required

-}
i
=

{faximum

amount of people usin
D = Maximum number of design days in CW mode (normally 7)

5 = Gallons/person for drinking, food, washing, etc. per day

S = Number of showers/person/day entering the CCA (normally 2)
1.05 = Allowance for decontamination and safety factor

otal amount of water should be contained in water storage tanks,
m

t
Ph B S PO P SRy PRy ~
a vy a pump or a pump/bLUruge tdﬂ& bybLe

a) The piping within the CMR and the TFA should be copper and soldered
using 95/5 alloy or silver solder. Solder containing lead should not be used.

h steel. It
by compression or t

c) Plastic pipe should not be used within the CW facility for the
water supply systems.

d) All piping should be supported with sway bracing that is provided
in building in earthquake zones.
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totally in the CMR
6.2.3 Hot Water Supply. The hot water should be heated by the same source

as used for the building heating system and by electricity when the building
heating system is off. The hot water system should be sized to supply normal

buiiding hot water needs for the protected area. The building water supply
csvetam chnanld ha a +heraoa-—nirna cyctam. tran mdemne Far cnn +4dmiimtie hat crataee
oyouvTil Slivuliu ve a LitiL T PJ.PU a_youcm. WU PL}IEB 1LUL LUIIL LIIuvuoS 11u L WOLUL
circulation and one nine for the cold water
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If long runs of hot water piping exist in the facility, the use of
instantaneous (point of use) heaters should be considered. In the event that
a decontamination shower is installed in the CCA, the temperature of water
supplied to the shower sgould be automatically mixed to 105° F (40. 6° C),
adjusted by *10° F (#5.6 C). Processing individuals should not have control
of water temperatures.
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Fixtures.
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The type and quantity of fixtures required should be based

upon the number of people in the facility during the normal use of the

facility.

All fixtures should be industrial stainless steel including sinks,

and faucets.

Porcelain should not be used.

toilets,

1
a

Hose bibs will be provided in the LHA, VHA, CB, AL, CMR, DMR, toilet

rooms, and exterior adjacent to front entrance.

Temperature of water supplied

to the hose bibs shall be automatically mixed to 110° F (43. 33° C) (adjustable

to +10° F) (45. 6° C). Exterior

1
a

ated.
mixed. Showers should supply a maximum of 2 gpm (7.57 L/min).
two showers should be installed in the CCA.

y g each time the valve is o
Temperatures of water supplied to the shower should be automatically
A minimum of

hose bibs should be protected from freezing.

o)

6.3 Valves. Two-position ball valves with electric actuators should be
used for posetive shutoff of water flow in the facility. Power should not be
required to maintain the valve in either position, only movement to the posi-
tion

All valves used for positive shutoff of the venting system should be

two-position ball or butterfly valves.
the valve position.

Power will only be required to change

6.3.1 Water Hammer Arresters. Water hammer arresters should be provided
in conjunction with all automatically operated quick-closing valves. Arresters
shall be the mechanical type and be sized in accordance with Water Hammer

Arresters, Plumbing and Dralnage Institute Standard PDI-WH201.
should be installed upstream of the valves.

Sanitary Drainage System.
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the air conditioning system.
exhaust to provide a negative pressure in the tank.
handle all the wastewater and bio- waste generated within the facility,
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tank should vent into the CMR or into the exhaust of
An induced draft fan can be installed in the
Tanks should be sized to
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6.4.1.2 CCA Contaminated Sewage Tank. The CCA contaminated sewage shall
drain into a tank under the DMR. Venting of the tank should be via a pro-
tected manner, such as a penthouse, and provided with a blast valve. An
induced draft fan in the vent activated during the CW mode will help to
provide negative pressures in the tank and prevent contamination from leaking
back through the tank and into the CCA.

6.4.1.3 Sewage Tank Details. Each tank will have a gage in the CMR with a
high level alarm. Each tank should be equipped with a pump and pipe to the
DMR near the exterior door. During extended periods of operation in the CW
mode, excess sewage will be by removed truck or, in an emergency, the sewage
will be pumped onto the ground. A hose will be provided to reach from the
pipe end to 20 feet (6.1 m) from outside of the building wall.

6.4.1.4 Contaminated Floor Drains. Floor drains should be provided in all
rooms of the AL and CCA areas except the blast lock. Additionally the metal

grid recesses in liquid ingress and egress room shall have drains. Each floor
drain will be equipped with a manual closing device to prevent airflow between
rooms. Water traps shall also be at each floor drain but do not count as the
manual closing device. These floor drains shall be connected to the contaminated
drainage system. Sinks in the CCA (optional) and the floor drains in the DMR
shall also have manual closing devices and be connected to the contaminated
drainage system. Floor drainage grid network, strainers, piping, etc. should

be made of stainless steel.

6.4.1.5 Uncontaminated Floor Drains. Floor drains in the CMR and TFA shall
be connected to the uncontaminated system.

6.4.2 Traps. Fixture and drain traps should be a minimum of 6 inches
(152.4 mm) deep to prevent the water seal from blowing out during the in-
creased pressure of the CW mode air conditioning. It is recommended that all
traps be installed with an automatic priming system to prevent the traps from
losing the water seal. All priming systems will be connected to the domestic
water system and have a backflow prevention device installed.

6.4.3 Venting System. Fixture arrangement and venting system should be
selected to minimize roof penetrations. All stacks that vent through the roof
will need a valve installed that closes the vent system to the outside during
the CW mode. Blast valves should also be installed and/or a combination of
blast valve/electric closure valve. A standby stack should be installed below
the valves and terminate in the penthouse or exhaust of the air conditioning
system. This stack will normally be closed by a valve but will be activated
during the CW mode. If an induced draft fan is used in the standby stack, it
should provide a negative pressure of 1/4 inch (6.35 mm) to 1/2 inch (12.7 mm)
of water column (wc) above the pressure in the exhaust system or in the pent-
house.

A venting system separate from the venting system for the TFA should
be provided for the fixtures and drains in the CCA. For conceptual purposes
Figure 19 shows one possible arrangement.
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Fuel Tank. A fuel storage tank should be installed below the DMR or

should be sized to provide 7 day tor the electric
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7.1 Special Note. The designer of the fire protection system must evaluate
all aspects of the facility requirement and design a system that provides the
best protection for individuals, the facility, and will satisfy the mission’s
requirement.

7.2 Criteria. Fire protection design shall conform to the requirements of
the applicable standards contained in MIL-HDBK-1008A, Fire Protection for
Facilities Engineering, Design, and Construction, or any current national fire
codes, published by the National Fire Protection Association (NFPA).
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SECTION 8: ELECTRICAL SYSTEMS DESIGN CRITERIA

8.1 Introduction. In addition to the routine requirements placed on the
electrical systems for facility designs, chemically hardened facilities have
additional requirements. Operation of equipment by personnel wearing IPE,
preventing leaks of chemical agents into cleaner areas, and packaging controls
in housings that can be decontaminated, are examples of the types of additional

.......... + = e Abialaalles PRSI i daiama o MLt a4 f_ . J_~1_ .14l &l _
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additional reguirements for chemically hardened facilitiaeg. A1l nthar onidanca

aacitional re irements IQr cnemically nardened raciiities a1l OTher guicance
at

qu
such as NFPA 70, ional Electric Code, NFGS 16402, Interior Wiring Svstems,
and Electrical D951gn Manuals apply as they would in any nonhardened project.

Figures A-2, A-3, A-4, A-5, and A-6 of Appendix A are examples of a
Central Data Monitoring Panel for a hypothetical CW protected facility. Ref-
erence to it will illustrate some of this chapter’'s concepts.

8.2 General Requirements for CCAs and Airlocks. Any exposed wiring,
cable jacket, and gasket material must be nonporous, and must not absorb or

react with CW agents or cleaning and decontamination materials. Equipment in
CCAs and ALs should be designed to be operated by persons wearing CW IPE.

8.2.1 Electrical Equipment Enclosures. Electrical equipment installed in
areas Subject to cont Emll’l&CfLOl'l &l’l(l GeCOﬂCBmlﬂ&tlon requlres ﬂn&J.YSlS to aeter-
mina {f enarial nerAtartinn He nd~A Cuirlh A~y drman + ahAntld Kha dnat+tallaAd

W LILIT L1 DPC\,_LGJ. PLUL-C\,L-J_UAJ _LD .uccucu uubu c\iu.l.}llllcllb DIIUUL\J veo J.AIDLGL.LCU .LIL
nclosures that meet National Electrical Manufacturers Association (NEMA) Type

6 (submersible, watertight) requirements.
Electrical equipment may be installed in NEMA Type 4 or 4X if the
completely installed assembly can be demonstrated to be gastight.

Electrical equipment may be installed in a manner that allows it to
be bagged, safely disconnected, transported, decontaminated, or destroyed and
replaced with available spares if that is more cost effective.

8.2.2 Cable Penetrations in Walls of CCA and AL. All cable penetrations

into walls of CCA and AL shall be airtight and shall be sealed on the contamina-
ted side of the wall. Walls that are contaminated on both sides shall be sealed
on both sides.

8.3 Intercommunication System. Provide an intercom s in
of the AL area, CCA, DMR, and TFA to communicate with the master intercom sta-
tion located at the central data monitoring panel (CDMP), which is the shelter
manager station in the TFA. Provide two-way communications between the CMR
and DMR. Provide two-way communications between both sides of each AL door.
The intercom system shall be designed in accordance with NAVFAC
DM 4.07, Section 6 Wire Communication and Signal Systems and NFGS-16760
Intercommunication System. Exceptions to those requirements are necessary to
accommodate decontamination and cable penetration seal requirements.
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tion in each room
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8.4 Closed Circuit TV (Optional for Some Facilities). Provide a CCTV
system to observe and identify personnel in the CCA, AL, and DMR.
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a) Locate the monitor and camera controls at the CDMP. Only one
monitor is required for general monitoring of the spaces, the specific

sequential

c) Provide a color monitor and cameras with two-to-one interlace.
If additional monitors are needed, monochrome monitors may be adequate.

dinate iiiumination leveis, camera light sensitivity, and
e) Camera housings and mountings for the CCA and AL areas shall meet
the electrical equipment housing requirements.

f) The CCTV system shall be designed in accordance with NAVFAC
DM 4.07, Section 11.
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will cauce the air handling system to switch to the correct configuration for
normal training or CW operating modes. Electrically actuated, positive closing

valves shall control the airflow through all the appropriate intakes, exhausts,
vents, and filters.
A visual alarm is needed at the CDMP to indentify all on/off air

control valves that are not properly set as required by the mode control switch.
The sensors should measure actual valve damper positiOﬁ as opposed to measuring
the actuator's positicr A time delay should be incorporated after the mode
control switch is actuated to prevent extraneous alarm indications while the
valves are changing positions The same alarm conditions should also be dis-
played on annunciator panels in both the CMR and DMR

8.6 Water Supply. The mode control switch on the CDMP will cause an
electrically operated, positively closing valve to close off the base water
supply to the main emergency water tank. The base supply shall be turned off
during the training and CW modes. A visual alarm based on the actunal positio"
of the valve damper shall be displayed on the CDMP and CMR annunciator/control

panel if the valve fails to operate as commanded after a reasonable time.
Provide a low water level alarm indication to the CMR annunciator/con-

trol panel. The alarm set point should be adjustable over a range of 0 to 25

percent of full tank capacity.

8.7 Solid Waste and Wastewater Tanks. The mode control switch on the
CDMP will cause electrically operated, positively closing valves to divert
sewage to the storage tanks and to vent the uncontaminated sewage tank to the
CMR. The base sewers will be used in normal and training modes. A visual
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alarm based on the actual position of the valve dampers shall be displayed on
the CDMP and CMR annunciator/control panel if the valve fails to operate as
commanded after a reasonable time.

Provide high level alarm indications on the CMR annunciator/control
panel for both contaminated and uncontaminated waste storage tanks. The alarm
set point should be adjustable over a range of 75 to 100 percent of full tank
capacity. Provide a level indicating gauge on the CMR annunciator/control
panel for each of the sewage storage tanks. Provide visual indication on the
CMR annunciator/control panel when sewer drain pumps are on.

8.8 Fuel Tank. Provide a fuel storage tank below the mechanical room or
CCA. The tank shall be sized to provide at least 7 days of continuous operation
of the generator. The tank may be sized larger if required by other operational
requirements. If the tank is in a room, the room shall have a raised door so
‘that a fuel spill will be contained in the room. The door to the room shall
be a fire-resistant, metal door. The tank shall vent to the exterior via a
protected manner such as a penthouse. A refueling pipe shall run from the
tank to a point inside the exterior blast door of DMR.

Provide a fuel level gauge and a low fuel level alarm indicator on
the CMR annunciator/control panel and on the CDMP. The alarm set point should
be adjustable over a range of 0 to 25 percent of full tank capacity.

8.9 Electric Door Interlocks. Emergency exit doors and other doors that
allow passage between clean and contaminated areas must be equipped with elec-
tric locks and door-open sensors. The doors must automatically lock in a closed
position when the mode control switch is placed in the training or CW mode.

An emergency switch installed behind a glass-sealed enclosure is needed by

each locked door to permit exit. The locks must automatically unlock in the
event of power failure. Alarm indications identifying the specific door shall
be displayed on the CDMP if the door is not fully closed while in the CW or
training mode.

8.10 Airlock Doors. All airlock doors must be equipped with electric
locks and door-open sensors. The doors must automatically lock in a closed
position when the mode control switch is placed in the training or CW mode.
An emergency switch installed behind a glass-sealed enclosure is needed by
each locked door to permit exit. The locks must automatically unlock in the
event of power failure.

8.10.1 Access Status Indicators. Access status indication should be pro-
vided on each side of each airlock door and on the CDMP. The indications
needed are:
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At Each Side of Door At CDMP (for Each Door)

Wait Wait

Proceed Proceed

Door Open Door Open

Door Open Time Limit Exceeded Door Open Time Limit Exceeded
Both Doors of Airlock Open
Emergency Open Switch at Door

is Actuated

When the facility is in the training or CW mode, the airlock door locks should
be controlled by automatic controls, "Unlock Door" switches at the doors, emer-
gency override switches at the airlock doors, and override switches at the

8.10.2 Door Lock Time Sequences In training and CW operating modes, the

airlock doors will normally be closed and locked. Actuati ng the unlock door
"

switch will cause one door's electric lock to open for time sequence B" and

the next door to remain locked for fixed time sequence "A". During the time
period "A", the door previously opened may be reopened from either side with
the unlock door switch, but doing so will cause the time sequence "A" to

reinitiate. Any airlock door that remains open longer than selected by time

sequence ''C" will cause a warning indication on the CDMP.
Time sequences "A", "B", and "G" should be knob (or switch) adjustable
from the CMR. The adjus tment knobs should be protected from accidental changes.

Delay times should be indicated by the position of the knob setting. Nominal
time setting for sequence "A" should be determined by the required number of
airflow changes, and the airlock airflow rate. Time sequence ''B" should be
approximately 5 to 20 seconds. Time sequence "C" should be approximately 30
to 60 seconds
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lected for "A" is 1nadeauate to allow a sufficient number of air changes An
alarm shall be 1nd1cated at the CDMP if the second door is opened before the
air change criteria is met. The CDMP shall have an emergency airlock door
lock override switch that allows the door lock controls to be overridden.

Remote Motors.

[
i

8.

8.11.1 Status Indicators Monito

—
i+

he operation of all motors that are
necessary to maintain the integrity of the CW protection. This would include
for example, pressurization fan motors and cooling water circulation pump
motors. An actual measurement of the motor's performance as opposed to its

commanded state should be used.

An alarm indication should occur at the CDMP, CMR annunciator/control
panel, and in the DMR (if appropriate) for any CW necessary motor that is com-
manded on but does not indicate actual operation after an appropriate time
delay.
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App rooriate motors should also be started ning mode. Thi
quirement should not preempt any safety requirements. If a motor is 1ocked
out for safety reasons and is commanded on by the system, an alarm should
occur.

Start/stop control and status indication of all other motors that
may need to be used in the CW mode should be located on the CMR
annunciator/control panel (include equipment like sewage transfer pump
motors)

8.12 Emergency Lighting. Emergency lighting levels should be determined

by the designer.
The emergency lighting should be designed in accordance with NAVFAC
t

IL-HDBK-1004/4 Electrical Utilization Systems, and it should meet the added
requirements as applicable for decontamination and electrical equipment
enclesures. Locations for consideration of emergency lighting include

a) CCAs
b) Airlocks
c) CDMP
d) CMR annunciator/control panel
e) Generator
8.13 Unique Generator Requirements. Generator systems shall be designed

in accordance with the following facility requirements and guidelines:

o MIL-HDBK-1004/1 Preliminary Design Considerations

o MIL 1004 /4 Electrical Utilization Systems

o NFGS-16202 Diesel Electric Generators (Design 1)
500 to 2,500 kW Continuous-Duty Units

o NFGS-16203 Diesel Electric Generators (Design 2)
2,501 kW and Larger Continuocus Duty Units

o NFGS-16204 Standby-Duty Diesel Electric Generators
(Design 3) 300 to 1,000 kW Standby-Duty Units

o NFGS-16205 Standby-Duty Diesel Electric Generators
(Design 4) 300 to 1,000 kW

o NFGS-16208 Diesel Engine-Generator Set (25-250 kW)
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Additional requirements for CW are:

a) The generator shall be provided and sized to accommodate the
larger of the following two factors. First, the total electrical lecad under
CW operation. Includes the power needed to operate the mission critical

equipment and the power to meet the lighting, HVAC, pumping, and other utility
types of loads. Second, the electrical power capac1ty as defined by
requirements for emergency power under other than CW operations.

b) Remote start from CMR annunciator/control panel, under the
condition of loss of normal power
c) Appropriate gauges and alarms for the generator must be provided

on the CMR annunc

d) All operations on the generator during the C/W mode must be done
by people in CW IPE.

8.14 Power Transfer Switch. 1In addition to the normal requirements, the
power transfer switch(es) that select between normal power sources, external
emergency sources, and the internal generator shall be operable from both the

CMR annunCLator/control panel and DMR. The switch and remote controls shall
not depend upon normal facility power for operation. Ensure that transfer
switches can be operated when the facility is temporarily without power.

8.15 Connections for Portable Generators If the facilities mission
warrants additional power backup capability, provide the necessary connection
points and transfer switches. People, while wearing CW IPE, must be able to
connect the external generators
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SECTION 9: STORAGE REQUIREMENTS

9.1 Storage Requirements. Storage requirements depend on several factors

a) Ingress/egress procedures

b) Number of personnel

c) CCA an

d) Operational schedule and equipment

9.1.1 General.
n 1 1 4 TITT A
J.1.1.1 VI8

b=y
3
Q
[
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n
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Store combat boots: 1.00 ftf (0.028 mf)/location
Store uniform: 0.50 ft~ (0.014 mJ)/location
Store mask: 0.50/1location/person
Store bags: 2 bags/ingress
Egress
Ensembles: 0.21 ft; (0.006 mg)/ensemble
Gloves: 0.21 ft, (0.006 m_)/ensemble
Overboots: 0.13 ft~ (0.004 m”)/pair
9.1.1.2 TFA
anale raaduy tn aat (MRE) n NRK 4-'-0-3 (N NN27 m3\lmnn1
1HiCQa 190 LC(A\AJ i\ <cau AR AN Ny Ve.evVvo i o BV-UULJ s 3/lucu1.
Water (drinking, MRE; cleaning) 0.1625 gt (0.005 )/person
Store personal items in TFA: 1.00 ft~ (0.028 m )/p erson
Water (personal hygiene): Volume depends on system
selected
9.1.1.3 LHA {Supplies)
Paper towels: 6 towels/ingress
Trash bags: 0.5 bag/ingress

Devon solution

9.1.2 Example. An example of some of the items that must be considered
for a relatively simple "rest and relief" is presented in the following para-
graphs

Assume two groups of personnel alternate in occupying the CW shelter
for 7 days Assume 168 hours of operations with four 12-hour duty/12-hour
rest cycles Assume ensemble is cut off and discarded during ingress.
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Time Exiting Entering
{Hours) Group Group
0-12 -- A
12-24 A B
24-36 B A
36-48 A B
48-60 B A
60-72 A B
72-84 B A
84-96 A B
96-108 B A
108-120 A B
120-132 B A
132-144 A B
144-156 B A
i56-168 A A
9.1.2.1 VHA.
Ingress
3
Store combat boots 1.9Q0 ft~ (0.928 m~)/location (0350
ft~ (0.0}4 m )/person = 1.00 ft
A NNO N1 o md e = 1 h ISR ppeay &) |
{u.uso m j/10Ca8110Nn X 1 10C&A&T10I0/ <
persons)¥*
3 3
Store uniform 0.50 ft~ (0.Q14 m~)/location (0,25
£t~ (0.0Q7 m”)/person = 0.50 ft~
(0.014 m”)/location x 1 location/2
persons)¥*
Store mask 0.5 locations/person {1 lccatiocn/
2 persons)¥*
) od 7
Storage bags 2 bags/ingress (14 bags/person =
2 bags/ingress x 7 ingress/person)
Egress
Taocanmhlac n 21 :‘-3 0N NNA m3\ foancamhla (1 47
Lisemvilies U.gl v \U.guu i Jj/Cluocuivic \;3#1
ft (0.0%2 m )/person = 0.21 ft
(0.006 m™)/ensemble x
7 ensembles/person)
*0One person leaves the shelter from Group A before one person
enters the shelter from Group B. Two people share these storage
locations.
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Overboots
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Decon solution

Paper towels, etc.

Water (drinking, MRE,

LledIllIlg}

Store personal items in

Water (personal hygiene)

Decon solution

Paper towels

9.1.3 Summary.

9.1.3.1

Trasg haog

Liasii wvags

VHA.

?2 C¢o L‘&-3 rn 1 ._3\ J oo am e e
J.I2J2 1L \V.1 H )/person
0.5 maglk lacation/narcon
V.eJ o maon aUlaviUlly peisuil
14 storage bags/person

MIL-HBK-1040

0.13 ft~_(0.004 m>)/pair (0,91 ft°
(0.026 m;)/person = 0.13 ft~

(0.004 m™)/pair x 7 pairs/person)

Volume depends on second stage mask
decon procedures.

0.08 £t3 (0.0023 m

0. ft . m)
(0.0317 mi)/oerson =
(0.0023 m")/meal x 2 meals/day x 7

days/person)

3
(1.14 ft

ry

O NN O
LR S = B

1.00 £t~ (0.028 m>)/person

H

Volume depends on system selected.

6 towels/ingress (42 towels/person =
towels/ingress x 42 ingress/person)

S O (o)
(S W ]
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9.1.3.2 TFA.

o ne £23 oo 3

3.26 ft~ (0.09 m™)/person

(Water volume for personal hygiene not inclu
9.1.3.3 LHA.

42 paper towels/person
trash bags/person

[¥,]

o] 2
6.81 ft~ (0.193 m~)/person, plus:

bags/person
ags/perso

sq/ "
gs5/person

YUWT LS clatit

Water for personal hygiene in TFA
Decon supplies in VHA
Decon solution in LHA
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10.1 Physical Security Criteria. The designer must consider all aspects of
physical security of the facility in accordance with MIL-HDBK-1013/1, Design

Guidelines for Physical Security of Fixed Land-Based Facilities, superseding
NAVFAC DM 13.01, March 1983.
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1.1 Introduction. A procedure is presented for estimating the amount of
i

2.1 Assumptions. The following analysis is performed using the assump-
tions listed in Table A-1. The assumed threat is distilled mustard agent, a

persistent blister agent first used in World War I. Mustard gas has a median
lethal dosage (inhalation, 50% fatalities) of 1,500 mg-min/m® or 225 ppm-min
The design maximum dosage for CW agent exposure in the TFA is a8 value of
five for the quantity: milligrams of agent per cubic meter of air times the
3

duration of the exposure, e.g., 5 mg-min/m” over a 12-hour period. This mea-
sure of agent dosage is called the concentration-time (CT) product, e.g., the
allowable dosage in the TFA is 5 CT over 12 hours. The chemical filter system
must be designed to reduce the concentration of the agent in the outdoor air

to the level that results in a dosage no greater than 5 CT over a 12-hour
period for the inhabitants of the TFA.
3.1 Experimental Personnel Exposure. Experiments have been conducted

with "simulants" of CW weapons to determine the amount of toxic material that
clings to the protective outer garments and equipment of personnel when they
enter a CW shelter and how much of the toxic material enters the room environ-

N

ment at each stage of processing. Suppose that 2.5 gm (0.006 1b) of toxic
material is brought into the LHA with each person who enters. The expected
entry processing rate is 30 people per hour. The amount of time spent in
entry processing is about 10 mi h i ided as follows: 2 5

minutes in the LHA, 3 minutes in the CB,
in the AL.
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3.3 CB Process Activities. The allowable contamination level in the CB
is much lower than that of the LH

3.4 VHA Process Activities. The allowable level of dermal agents in the
VHA is also low because personnel wear no clothing as they move through the

VHA. Protection against inhalation agents is minimal because personnel wear a
mask in the VHA up until the time they step in the AL. Before stepping into
the AL, a person takes a deep breath, removes the mask, and hangs it on a
storage rack
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Table A-1
CW Shelter Design Example

The TFA shall be sized to accommodate all essential personnel on all
shifts. Space permitting, persons not on duty will stay in the TFA to eat,
rest and sleep. A maximum shelter stay of 7 days is anticipated. Space must
be allocated for operational supplies, food, drinking water, beds, emergency
equipment, repair materials and individual protective equipment in addition to
that required by the normal work activities conducted in the TFA. Entry to
the TFA is through the CCA. The CCA is used to decontaminate entering per-
sonnel and prevent toxic vapors from entering the TFA. Note that the CCA is
composed of three parts, an LHA, a VHA, and airlocks between the different
hazard areas.

Personnel Normal Mode CW Mode
Number 40 80
Processing time N/A 30/hr
Oxygen consumption 0.85 ft®/hr/person same
CO, generation 0.70 ft?/hr/person same

Sensible heat release
Latent heat release

245 Btu/hr/person
205 Btu/hr/person

295 Btu/hr/person
455 Btu/hr/person

Minimum O, level 17% same
Maximum CO, level 0.015% same
Dry bulb témperatures 70° F (W) same
75° F (S) same
Relative humidity 55-65% 45-70%

Ventilation rate 10 cfm/person calculated

Allowable Contaminant Levels

Agent N/A mustard (HD)
Short term exposure limit N/A 100 mg/min/M3
Threshold limit value-time weighted average 0.005 mg/M?
Personnel Normal Mode CW Mode
Floor Areas

Blast valve N/A 25 ft? total
LHA N/A 115 ft? total
VHA N/A 165 ft? total
Change booth N/A 25 ft?/each
Airlock N/A 16 ft?/each
TFA 10-20 ft?/person same
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3.5 AL Process Activities. The purpose of the AL is twofold: to separate
the clean and contaminated areas of the shelter, and to provide the final clean-

sing of agent from a person's skin and hair before they enter the TFA. The
cleansing action is provided by a shower of clean air for a pericd of 2 to 3
minutes.

3.6 Airflow Determination Factor. Of the four areas of the CCA, it is

the VHA that determines the clean airflow requirements because personnel must
spend a substantial amount of time in this area with exposed skin and the re-

lease of agent vapor from masks on the storage racks can result in a build up
of agent vapor concentration in the VHA. Because a protective mask is worn in
the VHA, the worst threat is the most toxic dermal agent rather than an inhala-
tion agent. This agent is distilled mustard (HD), Lewisite (L) or a mixture
of the two

3.6.1 Airflow Rate Calculation. The vapor pressure of many CW weapons is

very high. This implies that in the worst case, the chemical agents will readi-

C
3
(o]
o)
<
o)
[
i

ly vaporize and diffuse to fill the vol iable to the extent determined
by their molar concentration. Cold temperatures and high humidity retard the
vaporization ents. Thickened agents evaporate at a slower rate than non-

o
The de81gn maximum dosage for chemical warfare agent exposure in the
VHA is specified as 100 CT over a 3-minute period, e.g.,

vvvvvvvv - o~ . ] 3 7 7 ~ 7 QI\_6 11 : Ir;3\ b ] 2 1
EQUATION: 100 mg-min/m~ (6.24 x 10 lb-min/ft™) over 3 minutes {(A-1)
The corresponding values of allowable agent concentration are:

3 -6 5, ..3 PN
EQUATION: 33 mg/M™ = 2 x 10 1b/ft (A-2)
For mustard, this is equivalent to:
-6 1bmustard 1 ft3 6
EQUATION: 2 x 10 2 100 = 4.9 ppm (A-3)

J

ft~ air 0.42 1b

mst

The volume of clean air required per pound of chemical agent evaporated in the
CCA (to dilute the agent to the specified concentration) is equal to:

.3 . . ag7 « 100
IT clean air = 306/ X 1V

EQUATION: — ~ (A-4)
iD &agent vapor ri X ppm

112



Downloaded from http://www.everyspec.com

MIL-HBK-1040

where

M

(¢

+ rha

i1 A% <

ent, part
3 r

o O

f
ge

= I
(o]
-t

ppm

Expressing clean air volume and weight of agent evaporated as rates and re-
arranging the above equation yields:

387 x 10° x R

TNITATTANN . N rary [}
LYUALLUIN? vrirlT = A=-D)
b M x ppm b
where
R = agent evaporation rate, lb/min.

Yi 1 v ~ 1 ~ _ 1 1 L 1]

4.1 Example Calcuiation.

4.1.1 VHA Airflow Rate. As an example, assume that experiments show that
about 10 percent of the mustard agent entering a persons body is on the mask.

Since approximately equal amounts of time are spent in the LHA, CB, and VHA,
it is reasonable to assume that one third of the agent on the mask is released
into the VHA. In the worst case, all of the contaminant that reaches the VHA

is released into the air of the VHA. Since 0.0055 pounds of mustard agent
enter the the LHA with each incoming person and people enter at at rate of 30
per hour, the expected rate of release of mustard agent into the VHA is:
n nnNneeo 11 SN . ki - 1 -
U.UuUOO 1D 2V eopile 1 nr 1
EQUATION x —POP22 4 2 ALy 2 (A-6)
person nr OvU Mmin b)
= 9.17 X 10 1b/min
Therefore, the ventilation air flow rate required to keep the concentration of
mustard agent below 5 ppm in the VHA is
) -4
EQUATION: CRMy, = X0 X IATXI0 o 55 oo (A-7)
The designer should apply a safety factor of 1 to 2 to the calculated
values of clean airflow to account for variations from assumed conditions.
The CB also requires an air supply having a low dermal agent concentra-

tion because personnel may be in the CB for several minutes and have exposed
skin for a significant fraction of that time. In theory, the design airflow
requirement for the CB will be lower than that of the VHA since skin is exposed
for a shorter time and there can be no increase in agent concentration in the

CB due to off-gassing from stOred equipment as is possible in the VHA. 1t is
recommended, however, that the same airflow rate be used in the CB as is used
in the VHA.
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4.2 Room Airflow Sequence Consideration. The air supply for the VHA
should first pass through the AL to provide the air shower required before
entry to the TFA. The airfiow through the AL must not be less than two air
changes per minute. If the calculated clean air requirement VHA and CB would
result in fewer than two air changes per minute in the AL, increase the air-
flow until two air changes per minute are provided. The air supply for the
LHA is the exhaust from the VHA and CB.

4.2.1 Recommended Airflow Configuration. The recommended airflow configura-
tion for the CCA ducts clean air from the TFA or a separate supply duct in an
amount equal to the larger of either: two air changes/minute in the AL, or

the design VHA airflow, first through the AL and then through the VHA. The

air exhausted from the VHA is ducted to the LHA air inlet. The recommended
airflow configuration ducts also clean air from the TFA or a separate clean

air supply duct in an amount equal to the design VHA airflow through the CB.

The exhaust from the CB is also ducted to the LHA air inlet.

4.2.2 Minimum Clean Air Configuration. The airflow configuration that
results in the minimum clean air requirement cascades the flow of clean air
from the AL through the VHA, through the CW, then out through the LHA. This

s macsmn
|8

design should be applied with caution,
exhaust air from the VHA) might have unacceptably high contamination levels.
The recommended configuration has a separate clean air supply for the CB.

4.3 Example Airflow Rate., For this design example, the VHA air flow
requirement is 455 cfm (12.88 m /min). The number of air changes per minute
in the AL is equal to the supply air cfm divided by the volume of the room.
The volume of the AL rooms is 4 ft X 4 ft x 7 ft x 2 rooms = 224 ft? (1.22 m x
1.22 m x 2.13 m x 2 rooms = 6.343 m”). The number of_air changes peg minute
in an airlock is, therefore, 455 cfm/2243ft3 (12.88 m ' /min / 6.343 m”) = 2.
Thus, for this e§amp1e, 455 cfm (12.88 m /min) of air flows through the AL
(225 cfm (6.37 m” /min) for each AL) then through the VHA, then through the
LHA. An additional 450 cfm (12.74 m™ /min) of clean air flows through the CB
and then out via the LHA. The air changes per minute for the rooms of the CCA
are tabulated:

cfm/ft2 of
Room Air Changes/Min Floor Area
AL 2 14
VHA 0.4 3
CW 1.3 9
LHA 1.1 8

e total amount of clean air required for the CCA is about 900 cfm (25.49

m /min).

If no better data are available, design the air supply system to
provide the AL with two air changes per minute of clean air and to provide
each of the other rooms of the CCA (VHA, CB and LHA) with one air change per

114
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4.4 Heating and Cooling Loads. Once the ventilation air requirements
the shelter heating and coo 1 ing loads can be calculated. An example

-
=t
o
.
e
UVQ
=
=

concrete constructio has a flat roof, and no windows. Infiltration is as umed
to be equal to zero.

.1 Normal Operation - Single Zone. For purposes of analysis, the CW
iter was modeled as a single zone. The exhaust from the TFA was used as

4.4.2 CW Operation - Single Zone. Computer modeling of the building was
repeated for the building operated in the CW mode. A once-through air ciean-
daonnr mesrotame doanmd e come 2o TL . 32 L P R N S, [N oY PR R
111 SydStLeEll Ued1lxll wdas uded 1lle alllereices peclweeil Lile wO jnoues oOr operacvioll
are the ventilation air requirement and the internal load. In the CW mode of
operation, the cooling load increases to 23 tons (291.2 MJ/HR) (most of the

increase in load 15 due to the in rease in ventilation air from 400 cfm to
1000 c¢fm (11.33 m /m1n to 28.32 m /m1n) and larger internal loadg). The zone
airflow increases from 7,200 cfm to 7,500 cfm (203.9 to 212.38 m” .min). The
CW mode design heating load is 150, 000 Btu/hr (158.26 MJ/HR). The design

internal pressure in the CW mode is 1.0 inch wg (25.4 mm wg). (If the capac-
ity of tge air filtlatiog system is increased from 1,000 cfm to 2,000 cfm
(28.32 m” /min to 56.63 m /min) to provide an added margin of safety, the
shelter heating load is increased to 200,000 Btu/hr (211 MJ/HR) and the
cooling load to 29 gons (367.16 MJ/HR). The supply airflow remains equal to

7,500 cfm (212.38 m”/min).

4.4.3 Equipment Selection. These two sets of design conditions must be

arnrAammadatad hoy +ha cama UUAD oot am Thios <da0 Anama +heniis h ocwvatam Aacdasn and
atuLuvinmuuarcu vy Lile D>aile I1nvauv Syosielll. 11115 1d5 ULl LUHLIUUYIL Syostiel Ues 1xil ailu
equipment selection Refer to Figure 12. The filter pressurization fan must
overcome the filter pressure loss and pressurize the building. The increased

heating and cooling loads of the CW mode of operation could be met by modula-
ting the flow of water through the coil, by using multiple refrigeration cir-
cuits, or by using dampers to control air volume or temperature. The choice

of control method depends upon the requ1red ranges of heating and cooling cap-
acities. A hot water coil or a steam coil could be placed in the HVAC system

+n nrawtrida hanat Annsrdeos narmal Aanarad 4 e hastd alantesdin haontd 4o vamammandad £ae

LU pruvildce llcal Uul lliy vimail vpeirauvivu, DUt 18CTY1iC 1iéat 1§ recommernaea i1orx

operation in the CW mode
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That portion of the ventilation air which is directed to the CCA is
generally not separately conditioned for several reasons: (1) people occupy
the CCA for only a few minutes as they enter or leave the TFA and should be
able to endure thermal discomfort for those brief periods, and (2) the large
volume of outdoor air that may have to be conditioned in some CCA designs,
would require a sizable investment in air conditioning machinery which would
be used only under extreme circumstances. However, in some climatic regions
it may be necessary to condition the CCA ventilation air. In these cases,
heating and cooling coils for the CCA ventilation air should be located in the
CCA air supply duct (see Figure 12).

5.1 Central Data Monitoring Panel. Figures A-2, A-3, A-4, and A-5 are
examples of a Central Data Monitoring Panel for a CW protected facility.
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extent specified herein. Unless otherwise indicated, copies are available
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NPODS, 5801 Tabor Avenue, Philadelphia, PA 19120-5099.

SPECIFICATIONS
MILITARY
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for Chemical Demilitarization
MIL-HDBK-1004/1 Preliminary Design Considerations
MIL-HDBK-1004 /4 Electrical Utilization Systems
MIL-HDBK-1008A Fire Protection for Facilities Engineering,
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MIL-HDBK-1013/1 Design Guidelines for Physical Security of
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MIL-HDBK-1190 Facility Planning and Design Guide

NAVFAC GUIDE SPECIFICATIONS
NFGS-16202 Diesel Electric Generators (Design 1)

NFGS-16203 Diesel Electric Generators (Design 2)
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ntercommunication System

ilable from Commanding Officer, Naval Publications and Forms Center,
(NPFC), 5801 Tabor Avenue, Philadelphia, PA 19120-5099. To order these
documents: Government agencies must use the Military Standard Requisitioning
and Issue Procedure (MILSTRIP); the private sector must write to NPFC
ATTENTION: Cash Sales, Code 1051, 5801 Tabor Avenue, Philadelphia, PA
191920-5099.
DESIGN MANUALS
M-3 Series Mechanical Engineering
DM-3.01 Plumbing Systems
DM-3.03 Heating, Ventilating, Air Conditioning, and

Dehumidifying Systems

DM-4.07 Electrical Engineering Wire Communication
Signal Systems
P-PUBLICATIONS
P-397 Structures to Resist the Effects of

Accidental Explosion

spe01f1ed hereln. Unless otherw1se spec1f1ed, the issues of the ‘documents
which are DoD adopted are those listed in the Department of Defense Index of
Specifications & Standards (DODISS):

AMERICAN CONCRETE INSTITUTE (ACI)
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318-86 By

(Unless otherwise indicated, copies are available from American Concrete
Institute (ACI), P.0. Box 19150, Detroit, MI 48219)
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AMERICAN SOCIETY OF HEATING, REFRIGERATING, AND AIR CONDITIONING ENGINEERS
) AN
L)

ASHRAE 1988 Handbook - Fundamentals

ASHRAE 1988 Handbook - Equipment

ASHRAE 1987 Handbook - HVAC Systems and Applications
ASHRAE STD-55-1981 Thermal Environmental Conditions for Human

(Unless otherwise indicated, copies are available from American Society of
Heating, Refrigerating, and Air Conditioning Engineers (ASHRAE), 1791 Tullie
Circle, N.E., Atlanta, GA 30329)

AMERICAN SOCIET

ASTM D2862 Test Method for Particle Size Distribution of
Granular Activated Carbon

ASTM D3467 Test Method for for Carbon Tetrachloride
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(Unless otherwise indicated, copies are available from American Society
for Testing and Materials, 1916 Race St., Philadelphia, PA 19103.)

AMERICAN SOCIETY OF PLUMBING ENGINEERS (ASPE)
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Special Systems Volume
(Unless otherwise indicated, copies are available from American Society of
Plumbing Engineers (ASPE), 3617 Thousand Oaks Boulevard, No. 210, Westlake,
CA 91362)

Basic Plumbing Code

(Unless otherwise indicated, copies are available from Building Official
and Code Administrators International, 4051 W. Flossman Road, Country Club
Hills, IL 60477)
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INTERNATIONAL ASSOCIATION OF PLUMBING AND MECHANICAL OFFICIALS
Uniform Plumbing Code

ies are available from International
al Officials, 5032 Alhambra Avenue, Los

Association of Plumbin
Angeles, CA 90032)

(Unless otherwise indicated, co
NATIONAL ASSOCIATION OF PLUMBING HEATING - COOLING CONTRACTORS (NAHPCC)

(Unless otherwise indicated, copies are available from National
Association of Plumbing Heating - Cooling Contractors, 180 S. Washington
Street, P.0.Box 6808, Falls Church, VA 22046)
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NATIONAL FIRE PROTECTION

NFPA No. 70 National E

Lt

ectric Code (DoD adopted)

NFPA No. 90A Standard for the Installation of Air
Conditioning and Ventilating Systems

NFPA No. 90B Standard for the Installation of Warm Air
Heating and Air Conditicning Systems

(Unless otherwise indicated, copies are available from National Fire
Protection Association, Batterymarch Park, Quincy, MA. 02269)

PLUMBING AND DRAINAGE INSTITUTE (PDI)
PDI-WH201 Water Hammer Arrestors (DoD adopted)

(Unless otherwise indicated, copies are available from Plumbing and
Drainage Institute (PDI), 5342 Boulevard Place, Indianapolis, IN 46208)

SHEET METAL AND AIR CONDITIONING CONTRACTORS’' NATIONAL ASSOCIATION
(SMACNA)

HVAC

Duct Construction Standard - Metal, and
Flexib

“l‘
le
(Unless otherwise indicated, copies are available from Sheet Metal and Air

Conditioning Contractors’ National Association (SMACNA), P.O. Box 70,
Merrifield, VA 22116)

UL-900 Test Performance of Air Filter Units

(Unless otherwise indicated, copies are available from Underwriters
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