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CB COLLECTIVE PROTECTION OF MOBILE VEHICLES, VARS AND SHELTERS
1. This handbook has been prepared under the CB Collective
Protection Engineering Guide Task of Contract F08635-68-C-0015 for the

Air Force Armament Leboratory, Eglin Air Force Base, Florida

equimment .

2. This document presents a summary of engineering guidance
1ative to mobile field CB collection protection shelters. The
document identifies and describes significant factors affecting

er systems and summarizes the qualitative

design requirements of CB collective protection equipment. The
current state of the art is alsc presented in the form of ar
1temized 1ist of current standardized equimment and items which

are currently undergoing research and develomment.
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I. INTRODUCTION
1. PURPOSE
This handbook ‘was originally prepare r the sponsorship

of the working party on Ground Support Equipment, Joint Technical
Coordinating Group, Tactical Air Control Systems (TACS). The

original objective of the handbook was to provide basic guidance

collective protection capability in TACS mobile field shelter
systems. Kevertheless, the material tresented has direct
applicatility in the provision of collective protection for field
vehicles, vans and shelters of the military services. Though many
of the general principles and listed equimments are applicable to

fixed installations, this was by coincidence, full coverage of

LA T wao

documentation and guidance relative to collective protection far
£ixed installations. For added information on collective protec-
tion for fixed installations, a bibliography of references for
this technical area are included in the last section of the
bibliography.

The objective of this handbook which if specifically addressed

to field collection protection systems will be accomplished by:
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Providing basic information on the qualitative

design requirements of CB collective protection

" e v a

eguipment for use by government sgencies and

their contractors 1n the Planning and imple-

pentation of protective requirements for new

development items.

Presenting pertinent design and performance

dats for current standardized equipment and

items vhich are in the research and develop-

ment stage.

Since this handbook provides only basic engineering guidance

in thie technical ares, engineering assistance in the resolution of
6 or problems vhich mey arise in th provision of collective

protection for mobile or fixed installacions can be obtained from

Defense Development and Engineering Laboratories, Edgewood Arsenal.

2. SCOPE

This handbook summarizes the state of the art for positive
pressure CB collective protection shelters and contains information
useful for the planning, design, testing, and evaluation of collective

vrotection equipment.

The systems described in this handbook provide protection
against chemical and biological agents and radicactive particulate
matter; however, protection is not afforded against gamma radiation
and neutrons.

Collective protection for aircraft and naval ships is not
addressed in this handbook because of tbe peculiar nature of their

operating environments and protection requirements.
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T1. SYSTEMS DEFI.ITION OF
CCLLECTIVZ PRCTZCTION

1. ~EOUIRRTST FOX COLLECTIVE PROTECTION SYSTEM

mhe purvose of collective protection is to provide a vrotected

enviromment in wvhich ‘indivicducls can carry out tacticel functions
sithout the encumtrance of individus) CB vrotective eguipment.
™mpical. situations reguiring collective protection ere found in

comnand posts, communicetions centers, Tire cont ol complexes,

<acticol and siretegic air control centers, hospitels, end rest

glso be ne:essarv.to srovide protection for certein
unoccunied equipment centers where contamination woull prevent
operatior or maintenance of the eguipment. The letter from
kreadquarters, USACDC to TG, USAMC, Sutject: A& Hoc Group on
Znvironmental and Test Criterie for Collective Protection for
yieeile Control Complexes and Vans, 3 June 196k, states "The
necessity for filtration of the air used to vent the electronic
racks is not necessarily deterrmined by the collective orotection
presumably applied for the protection of operating personnel. The

comrlexity anc sernsitiveness of electronic eguiovment may make the

“

cuipment itself the prime target of an attack. The corrosiveness
of several avasilable candidate agents and the employment of

_ Y

potential anti-material agents can render the eguipment inoperable
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or inaccurste. Conseguently, future development of vans and shelters
housing electronic gear should consider requirement for filtration of
air used for ventilation of this equipment as well as the requirement

of filtration of eair for operation personnel.”

2. CATEGORIES OF PROTECTION

To assist in the definition of protection requirements, the
establishment of certain categories of protection was recommended by
e subcommittee of the Working Party for General Support Equipment
(JTCG/TACS) 1in 1968. Under this system, the degree of protection
which 18 assigned to any facility depends upon the function of the
facility and the need for its utilization in a toxic enviromment.

In the code devised, the first character represents level of protection
for operating personnel. The second character represents level of
protection of personnel for entering or exit of the system enclosure.
of protection for the system
equipments mounted within the enclosure.

A s the highest level of protection and designates positive
pressurization with purified air of an enclosure (i.e,, shelter, van,
vehicle body) for persomnel, equipment (i.e., electronics, etc.) or
material (i.e., food supplies).

_B designates individual protectiom of persomnel or equipment
within an enclosure. Example: <the sir within the enclosure is
contaminated, tut purified eir is mechanically supplied to ventilated
face pieces (masks) of the individual occupants via hoses and

protective clothing is utilized.

k-
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c designates that the enclosure is not orotected and the
—
occupants wear individual field orotective maske and clothing when

operating in & CB ervirorment.

D designates an enclosure useé for storage which 1s not

normally occupied by personnel and which is seoled (pbuilt in or
field expedient) to minirize the infiltration of contaminants

during a CB attack.

0 indicates no protection.

For the purposes of further definition, the code will be

jed by the use of the following:

indicetes the &ir purification equivment duilt into

indicates the air purification eguipment I5 &an

[
accessory item supplied by logistic support based on rredetermine

‘Inere the level of protection mist change under extreme

the following additionel designations

extreme imvolvec:
/ indicates change in 1evel of protection such a5 &

result of & change from the norme! ambienttemperature (outside
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The AAA specifies that the system has maximum protection under

normel ambient temperature. The _[Zzé_ specifies that the collective

protection system protects the personnel under all.conditions including

entry and exit, but not the equipment. The __ specifies that the

CB air purifying equipment is external and obtiined from supply support

The space over the /—_- divider is reserved for the

explanation cf the condition where the change occurs and will be filled

in efter the system is tested. .
By standardization and use of these designators, all the services,

the designers, and the users will estarlish s common language and

better understanding of the CB protection required and provided by the

particular syster under development.

(V8]

PRINCIPLE OF POSITIVE PRESSURE COLLECTIVE PRCTECTION

Collective protection of this type is provided by & continuous
input of filtered air into & shelter vhich maintains a slight positive
pressure with reference to the outside atmosphere. Since the pressure
inside the shelter is higher than that of the surrounding
there is a continuous leakage of air outwerd from the shelter which
precludes the entrance of outside atmospheric contaminants. The
pressure differential does not have to be very large to achieve the
desired effect - usually & difference of at least 0.5 in. wg between

the protected ares and the adjoining contaminated are

o
-~
(s3]
]
E

in 2ll applications. This technique of providing protection is
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applicable to both permanent and portable type shelters and to mobile
vehicles and vane. A motor blower is used to provide the necessary

air flow through gas and particulate filters to provide both the

3
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blower can be driven by a gasoline engine or by electrical power

from a generator or vehicle power supply depending on the specific

slightly less than that of the shelter itself (but still above
gtmospheric pressure) and serves to prevent a significant loss of
pressure in the shelter during entry and exit. Due to its relativel

small volume, the airlock can be rapidly scavenged by filtered air to

remove any contaminants which may have imfiltrate
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exit process. Partial or complete decontamination of entering

peronnel may also be performed in the protective entrance chamber.

L, LEVEL OF PROTECTION PROVIDED

In general, the protection afforded by collective protection
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Field Protective Cas Mask. The performance data for this mask is
set forth in Chemical Warfare Laboratory Report 2203, "Final Design
Ma

Report on Field Protective Mask,” by B. L. Karpel, December 1957.

Both aerosol and gas protection levels are described together with

A [

the projected number of gas attacks through which this mask could

protection. Present collective protection filter

e FiuvbELL

units have both an aerosol filter for the removal of particulate
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1d & charcoel filter for the removal of toxic gases. The
e mechanical filter which does not
It is, however,

matter and
aerosol filter component is
be replaced when its resistance to

deteriorate in performance with extended use.
units also employ a mechanical
.or to remove

n inertisl dust

subject to "loadin -\Jp" and must
1:4

Most

an

airflovw becomes excessive.

pre-filter and ir some instances
larger amerosol varticles and reduce the load on the particulate filter,
The ges filters used in gas-particulate filter units for provid-

ing collective protection are designed, so that at the rated air
and adsorption cavacity for

Al

) .
DO
all types of chemical warfare agente equals or exceeds that of the
ne aniformity of charcoal performance in

rield protective mask.
the requirements of MIL-C-13724, Charcoal, Activated, Impregnated ASC,
e 14

as sorption is assurec through the use of charcoal conforming to
8

Sviry ved

b w4l

“her.

. This speci?
a variety of gases to insure the protective capability of the char-

utils
e e -

lots produced are randomly sampled and tested after rough handling
i proper u

coal sorbent ageinst typicel clesses of chemicel warfare gases.
the approved chercoal is used in collective protection filters, the
ion an

st rated
ulate ‘nich re
particles) is tested on a 100 percent besis; using & 0.3 micron

Dioctyl Phthalate (DOP) test smoke. The specification limit for

-8-
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but is less

vercent or higher. It should be noted that the size of the test

particulate is smaller than that normally achieved in field dissemi-

nation of tactical aerosols. In the range of 1-5 micron particles,

’J-
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3
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protection system can be identified as:

. Protective shelter

. Decontamination ares

. Protective entrance (airlock)

. Gas Particulate filter unit

. Environmental control system (heating and cooling)

. Miscellaneous equipment (queing shelters, interconnects)

All of these elements may not be neceesary in any particular

system because of the various functions and requirements specific to

~~
[
p—
?
ct

This element of the system provides the protected space

P

in which necessary functions are carried out. The shelter size and

[e"
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van. The important factor is thet the personnel utilizing thie space
have complete freedom from the restrictions imposed by masks or vro-
tective clothinr. The function assigned to this element can vary
from e simple rest and relief area for forward operafions to 8
cusing for persconnel and electronics

equ.vnent in control or communicationes centers.

) Decontamination Area

m1is element mav be combined with the protective entrance
{airiock) or mav be a seperate element. Partial or complete decon-
taminatior of entering veronnel is accomplished st this point. The
comtlexity of this element devende entirely on the shelter's function
a2
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where personnel can decontaminate using the M13 decontamination kit
or remove their protective overgarments. In other avplications where
the tacticel situation permits, showering facilities or changes of

clothing ma:r be supplied.

{
\

o

\ j=2
/ - 4

The function of this element is to provide & means of
entry and exit intc the shelter without destroying the protective
integrity of the shelter. The protective entrance is maintained at
& pressure slightlv lower than that of the shelter vroper. Upon

n? the anter Annr there 4 n
Cs 1oL oulter Qeor There 1t o

n outward flow of air and the

pressure in the protective entrance falls to epproximately atmospheric

pressure, or near that level, depending upon the type of door. The

-
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inner c¢oor tshoulé be kept closed while the outer aoor is open to
prevent loss of vpressure in the shelter. The outer docr should
remain opern onl:" long enough to permit entry. The scavenging air
tered makeup ail
particulate filter unit (i.e., the M1l CPE). The scevenging rate
can be further incressed to provide more frequent air changes through
the use of supplemental recirculating filters (as used on the XM51
shelter system). For other systems, the scavenging flow is automa-
ticelly initiated whenever an entry is made and remains on for a
spec:fied period of time. 1In this system, the scavenging air is
suppliec either by the GPFU (as for Ml« CPE and XM51 CPE Shelter
Svetem). Using scavenging air only when required extends the useful
1ife of the filters. It should be noted that the air used for pressur-
izing the protective entrance and for scavenging operation does not
usuzlly pess through the shelter (except for fixed installations) since
this would add an extra load to the heater/air conditioner unit.

During the scevenging period, the personnel perform whatever
decontamination procedures are prescribed and then enter the shelter
a* the completion of the ecavenging cycle. It is important to note
that the protective integrity of the shelter itself is not affected
ty utilizatiorn of the protective entrance if proper procedures are
followed and the equipment is operating correctly. Exit from the

shelter through the protective entrance follows the same principle

except that the decontamination is not necessary and a mask and

~11-
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protective clothing must be donnecd either in the shelter or the

Protective entrances can range in size from small, one-man systems
to larger structures capable of heandling severel men and/or
stretchers. Thev can be rigid, as normally used for fixed installe-
tions, or the flexible, collapsible type used for vans, vehicles,

sortsble shelters. Doors may be the hinged rigid; or zippered,

Filtered eir is normally obtained from & gas particulate

filter unit (GPFU) which consists essentially of gas and & particulate

electric motor; however, it could be run by s gasoline engine. The
blower provides the power necessary to move the air through the
filter for purposes of removing contaminants and also providing
enough air under pressure to establish and maintain the overpressure
. The flov capacities of the filter-blower units range
from 12 cfm to units rated at 5,000 cfm capacity. The filtration
function and haréware assembly may be integrated into the existing
environmental control egquipment (heating and cooling) or may be a
separate unit. A separate unit is, of course, required in shelters

wvhich 4o not have environmentsl control systems.
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(s) Environmental Control Systems

This is the system which controls the heating and cooling
of shelters. It consists of heaters, air conditioners and fan units.
These systems are designed to maintain tolerable working conditions
within a shelter during operation in climetic extremes or when the
function of the shelter itself produces high temperatures (e.g.
electronic equipment vans). As such, the environmental control
gsystem possesses no capability for removing agents from the incoming
air except for the very limited protection offered by particulate
pre~filters in the unit. Filtration equipment may be integrated into
environmental control equipment during the design of the system or,
in some cases, may be added to existing environmental control units.
The added filtration equipment must be compatible with the environmental
control equimment in terms of airflow requirements and heating and
cooling capacities. During periods of protective operation, the
filter unit provides the only source of make-up air for pressurizing
the entire recirculating environmental control system as well as the
shelter proper.

(6) Miscellaneous Equipment

Included in this category are many accessory items of
equipment which contribute to the usefulness of proper operation of

collective protection shelters. The items include the following.

-13-
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l. Queing Shelters

Unpressurized structures similar to, and
usually preceeding an airlock, where troops may
caether prior to entering the airiock. Some
protection is offered by presenting & mechanical
barrier to agents, but the degree o
will depend on the nature of the material usec
ana the natural and personnel induced transport

of contamination into the interior.

2. Protective Passagewaye (Interconnects)

.. _ - - - - < e
Enclosure constructed of agent impermeable

materisl to provide a protected passageway between
protective shelters, e.g., the Mi4 CPE which

provides e protected passageway between collec-

tive vprotected M820A3 expansible van trucks.

Pressure Regulator. A variatle orifice

wnich can be anustec manually to provide

A
z Fixed flow at = g*ven pressure ﬁrnh in

establishing the desired level of pressure
between shelter sections, i.e., shelter to
protective entrance

Automatic Pressure Contreol Svstem. A con-
trol system that autometically maintains
proper pressures in a shelter system.
Pressure sensors actuate servo-motor opera-

ted sirfiow valves to increase OT decrease
the input of P£iltered eir until the desired
pressure level is reached. Pressure control
systems of this type have been used in the

M1k and XM15 CPE.

<1k«

! ]
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L, Anti -Backdraft Valves

Mechanical devices that regulete the pressure
within a protective entrance OTr shelter and at the
------- 4  eumar

same time serve as check valves to prevent reve

flow © ntaminated air into the protected areas.

=15-
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III. SYSTEM DESIGN APPROACH
1. ENGINEERING APPROACH
When doctrinal guidance requires the provision of CB protection

S= =F%

for a specific development item, early action should be taken to
control the leskage of the shelter at a specified level of positive

pressure by specification. The leakage rate of the shelter defines

the amount of make-up to be handled by the heating and air conditioning
equipment. With early design planning of this type, an optimum compat-

ibility of equipment can be achieved with improved assurance of satis-

)

ving environmental and protective performance requirements for the

The use of standard or the new modular cocllective protectior

LN ~Yer =

equimment being developed by the Army should be closely

analyzed for
applicakility in the new system to preclude the need for the more
expensive development of new equipment when available items would
satisfactorily service the new application.

The shelter design ideally should integrate the required supported
equipment including power, air conditioning, and heating, collective
protection and tactical equipment with complete interface capability so
that externally mounted equipment is eliminated. Where this objective
is not entirely feasible, the amount of externally mounted equipment
should be minimized insofar as possible to optimize operational use

and logistic considerations.
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2. BASIC SHELTER PACKAGE CONCEPT

In consonance with the engineering approach described above and
in view of the fact that a number of current development items have
not been designed to accept collective protection, it is felt that a
uniform policy should be adopted which would insure that the basic
shelter pamckage be designed to accept ccllective protection. By this
approach, each shelter type used would be designed for compatibility
with collective protection and evaluated to insure an adequate
protective performance. Thus, for each shelter there would be specified
and proven collective protection equimment for servicing this item in
maintaining optimur tacticel efficiency when operating in a CB environ-
ment. According.y, there would be an inherent capability for keeping
the logistical burden on each system consistent with the need. For
example, a reasonable decision from the standpoint of logistics would

be to provide collective protection equipment only in areas where a

exist, the svster would not be so burdened.

(1) Unpressurized Basic Shelter

Implementation of this concept would provide a basic
shelter package in which the overall leakage rate of the shelter at
a fixed level of positive pressure withir the shelter as well as
the leakage between personnel and equipment sections would be controlled

by specification. The personnel and equipment sections would be

-17-
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physically sevaratec and have separate ventilation systems. The

under all encounterable extremes of environment with ambient air
cooling. A capatility for recirculating air between personnel ana

equipment sections would be provided to supplement the basic heating

capability in the personnel section. The personnel section would be

temperature opcrating range. This basic shelter package would be
designecd to be compatible with collective protection. If no collec-
tive protection filter equimment were vrovided with th

(50 “t geptiann
v BTl VL

1 ans en me vmiles hername
+ dllv CUu.  JC G OoCCOone

I~}
VS "o 4

contaminatec during operation in a CB environment. The chart which
follows orovides tabulatec capabillities of the basic shelter package
(Item 1) and the increessec protective capability achieved through the

use of add-or. equipment tc the basic package.

ry

(2) Protective Pressurizatio
\ <) rrotecilive €88 1zat

\ 3PS [ 294 PR

..

Itern ¢ on the chart indicates the CB protective capability
achieved Yy the eddition of & CR Gas Particulate Filter Unit whose
primary use is to provide a positive protective pressurization of the
prersonnel section only, but which can also provide positive pressuri-

2atinon for the
Zavi i07T

1nitment coartd
(92 8] SCCLVL
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mode (where cooling air for the eguipment is drawn from and returned

to the personnel section). It is recognized that this operating mode
can ornly be used through & limited external environmental temperature
range. When outside ambient air is used for cooling of the equipment,
contamination of this section would be inevitable when operating in &

CB enviromment. Maintenance of the contaminated equipment wou

)

made more icult due to the need for the use of individual

VaiaT w2l Ve 4 v L2 ) 32

tive equipment and the risk of introducing contamination into the

personnel section.

(3} Protective Pressurizatiorn of Personnel and Equipment
Sections

Iter. 3 on the chart provides positive pressure collective
protection for both personnel and equipment section by elther adding
additionel eair conditioning capacity for thé electronic equipment
or by adding additional filtered sir capecity so that the equipment
the use of filtered ambient air. There
is & trade-off here as to the optimum approach. The large amount of
air that must be filtered (assuming a filtration efficiency and useful
£4lter life equal to the personnel section filter unit) to provide

a given cooling capacity is within state-of-the-art equipment, but 1is

larger and heavier than an air conditioner with equivalent cooling
is substantially higher than that of the filter unit so the cholce

of approach would depend on whether weight and volume or power were

more critical in the syster under consideration.

«l0-
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It is recognize
in "quick tactical response” type systems where movement between
geographical areas and variasble CB risk conditions must be accomplished
n a minimal time and for which the add on of equipment to match the

risk is unaccepteble. 1In these cases, the additional logistic burden

would be accepted. In these cases, the integration of all filtered
air capacity in a single filter unit and the inclusion of all cooling

114t

4

in

»
m

ir

o

le unit servicing both personnel and equipment

sections should be evaluated in minimizing the overall logistical

burden on the systems.

With the CB protection provided for both personnel and

poent, the only capeability lacking is that of enabling protective

(14
2
} 2

4
ntry while operating in s CB environment.

(L) Positive Pressurizastion, Personnel and Eguipment
Sections, Plus Entryv System

LOL L0 AL S

operating in a CB environment. This level of protection is indicated
as Item 4 on the chart and provides the best overall protection for

the shelter where a tactical requirement for personnel entry under all
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Cad

The rate of air leakage from a vehicle or shelter unaer pressuri-

zation is an important factor when n is required. Experi

has shown thet 3t ic usually the leakage rate of the shelter rather than

the ventilation reguirements of the personnel thst defines the amount of

required for CB protection Specifying the amount for

™

.

leakage, or the reguirement for ventilation, whichever is greater,

air

Y o

handled b

ct

o’
1]

establishes the quantity of meke-u <

he)

and air concditioning equipment ani determines the required capacity of
this equipment as we_.l as the GPFU. Reducilon of the make-up air,
which in mos
to & reduced s-ze of tne filter unit and envircamertel contrcl unit
required therety effecting savings in cubage, weight, and power reguire-
ments and ultimate cost.

If collective protection is

3
a
[«
[
)
[
)
o}
-
8
(]
%
[o5
n
ct
[ H
o
m
<
o
jag
fos
(2]
-
[
o
la}

wmayv he neress
jals eCeESs

: + e
] 10 i \ Al y to

ary
leakage of f.ltered air. Doors, windows, cracks anc holes can be
sealed with e variety of seslants and materials. A program entitled
"Study on Sealing ancd Leakage Reduction Measures for CB Protective
Shelters"” is currently being conducted for the Army by Donaldson Co.,
Inc. under contract DAAAlIS-T0-L-0125 to develop newer me

materials for sealing. In cases of extreme leakage, a rubberized

liner can be installed in the shelter as, for example, in the Air Force

-2

~r
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however, most vans and vehicles for fiich collective protecticn hes
]

veen develoved leaked excessively. Leakage should be reduced as much
ar feasible to approach the airflow rate needed for ventilation. A
point can be reached, depending upon the type of leakage, where it 1s
more praciical to supply additional filtered air than to apply further

leakage reduction measures.

L, FILTERED ATR REQUIREMENTS

In eddition to the
and the protective entrance, some syvstems may require filtered uncondi-

tioned air to cool the electronic equipment. Part or all of the

section anéd cooled by ambient air. If this équi;ment section has en
access Ao0Or in the personnel section that may be opened for any reason
during operation, or if the equipment is subject to deterioration by
exposure to airborne agents, then the cooling sir should be filtered.

If filtered air is not required, it should be noted that this equipment

result in contamination entering the personnel gection through possible
leakages. The GPFU at rated flow must provide sufficient air:
. For ventilstion requirements of personnel

. To maintain a specified positive pressure within the
shelter and protective entrance

. To adequately cool equipment as required

. To effectively purge the protective entrance and shelter
of any conteminants within a specified time.
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In the design approach, every effort must be made to reduce the

~ _

total gquantity of filtered air regquired and yet satisfy the demands

shown above. The larger the amount of filterecd air required, the

greater the penalty in weight, cubage and powef?”’A'more detailed

oavynlanat+<inar n€
exXprianailon oL Lo Y e requlrements presgentec °n 3

e filtered air requirements is presented in Section IV,

c. HIGH TEMPERATURE ENVIRONMENTAL CONDITIONS

o
H
ct
jog
D
o)
3]
o
]
[
jo]
m
t
}
b
t
1}
o]
1]
joh
Q
3
t
jog
[0
Q
o}
2
]
H
Q
e
\J\
[}
)
N
xj
H
o]
t
o
i
H
o]
t
(1]

certain hot humicd ccnditions, without air conditioner, it may be advis-
eble to increase the flow rate, capacity of filter unit permitting, by
introducing artificial leakage.

1+ is recommende¢ that the personnel section be provided with an

tions. This is normally where the combined perameters of temperature
end humidity are at a maximum. An effective temperature (ET) of B85°F
is the meximum ellowable without affecting performance as prescribed
Yy the U.S. Arry Human Ingineering Laboratory. An accurate m»ethod for
cetermining ventilation rates necessary to maintain an effective
temperature cf 85°F for various climatic conditions is described in

T™-5-311, Militery Protective Constructiorn.

-2
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b M

c. SIZING OF ZQUIREN

In the desipgn of new equipment, particular emvhasis should De
rliaced on the contrcl of leaitage since this factor determines the

nd pover requirements for both the collective protec-

~
fo

tior. and the environmental control equipment. The use of standardized
collective protection equipment shoulé be evaluatecd for awolication im

the new system to eliminate the need for the more costly anc time con-

ronmental control equimment is to be used, selection shoulc be made

Tron starndard military types of air conditioners of prover nerformance

coe e y
1 [V

ard reliability. A4ll equivment should be selected to meet tne collective
orotection and heating/cooling reguirements while imvosing wminimuz

poer, weight, and cubage burdens on the shelter system being sucoortec.
A~ detaller examtle of the eq nent select

Appendix B. This varticuler example it for an electronic equimment

var, but similar procedures car be used Tor other

H
foil
o
Y
4
[
(¢

4
LX)
n

ollective nrotectior equipment is being chosen for an existing

vehicle or shelter, the first cter is tc reduce leakage Ly the means

"

oove. T ing GFFU

ot
by

o
a

o

aescrioe er. exis

I

should be chosen if possible. The GPFU must be capable of suvplying the

required amount o filtered air and meintaining the desired pressuri-
zation. A% the same time, it must satisfy fairly vell defined cubage,

weight, power and configuration restraints imposed by the fact that it

Tt ema e mesvio camd o 3 - + 4 1
being incorporated into an existing system. The collective protection

[
(1]
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equipment must also be compatible with any existing enviromment control

installation of collective protection equipment may make it necessary
to install environmental control eguipment because of the closed
nature of the protected system. In other cases, it may be necessary

to increase the capacity of the environmental control units. Descrip-

+t4ans of standardized and develorment items in Section V and VI
ticns ¢of standarcized and development l1temse 1In Section Vv

[ IO R B Y

illustrate methods for the solutions of these problems.

-26-
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Iv. DESIGN CONSIDERATIORS

1. INTEGRATED COLLECTIVE PROTECTION EQUT PMENT

In the past, controversies over the basic requirement for collec-

tive protection, the level of protection, and the methods‘for ﬁeeting
this requirement have resulted ir no collective protection capebility
ir many systems now in the field or in many systems currently under
developmen: or considered for develomment in the future by all the
services. If protection for e vehicle or shelter is deemed necessary,
arn analysis of the shelter and its function should lead to the selec-
)

tion of the category of protection (AAA, AOA, etc.) as explained in
Section I1. The shelter or vehicle could then be designed for compati-
bility with collective protection equipment and evaluated to insure
adequeate performance of the protective equipmeﬁt. In this manner

there would exist stendard ccllective protection equipment for this
iter when overating in e CB environment. In addition, there would be &
inherent capability for keeping the logistical burden on each system
consistent with the need. This would enable plannmers to provide
collective vrotection equipment only in ereas where a CB tactical

threat existec but not include the egquipment in ereas where no CB

deployed to other areas, the protective equipment could be either

[ PN

installed or removed. In short, CB protection equipment should be

-27-
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" n

needed; provision should be made T

Q

basis. This approach will also obviate modification of vehicles or

shelters for compatibility with collective protection equipment. 1In

- g
US L

2. INSIDE/OUTSIIE INSTALLATION OF COLLECTIVE PROTECTION BEQUIPMENT

Usually space considerations or the need for interfacing with
environmental control equipment dictate whether the GFFU be installed
outside or inside the shelter. I
shelter, the motor-blover must be mounted upstream of the gas and
particulate filters to prevent contamination of the air after it has

assed through the filters. In this push-through arrangement, any

leakage is out of the GPFU into the contaminated atmosphere. If

mounted downstream of the gas and particulate filters. In this pull-

through arrangement, any leakage is clean air into the GFFU.

INTERFACE WITH ERVIRONMENTAL CONTROL SYSTEMS

)

As pointed out in Section III, it is extremely important that

oY AmYT Y and S
né COoll8CUiVE PIro

)

ct

control unit (ECU). The only recommended manner of interface should

ey

be to use the filter unit to provide make-up air for the ECU. In a
pressurized system, the lowest level of pressure is at the intake

to the air conditioner evaporator blower. If this area is adjacent

L 2 oas
here, it should safe

atv a é&aic

¥
;

pressure of at least 0.5 in. wg. To accomplish this will require

=28~

"
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maintaining the pressure in the shelter proper at a higher level due

to pressure drop in the recirculating air path. The difference is

pressures of the shelter proper and the imtake to the ECU blower is

less if the blower is located upstream of the evaporator coil. It

is desirable that the cooling air for the condenser be drawn (down-

stream) through the coils, otherwise the condenser section is under

positive pressure and, if adjacent to & clean ares, requires that this clean
erea be at a higher pressure. Figure 1 illustrates the disadvantages
of a draw through evaporator blower and a push through condenser fan.
Figure 2 shows the desired arrangement. Note that the pressure level
in the shelter is lower in the second case requiring less air for

pressurization.

L, FILTERED ATR REQUIREMENTS

As shovn in Section III, sufficient air must be supplied to the

L U WP,

Provide ventilation for personnel
Maintain a system overpressure

Provide for equipment cooling if required
Effectively purge the airlock and shelter of contaminants.

Each of these requirements will be discussed briefly in the succeeding
paragraphs.
(1) Ventiletion
The build-up of carbon dioxide concentration must be

prevented by & continuous flow input of fresh air. The rat

& Tl V2
d Uudilu=

a
Q

up varies, of course, with the number of persomnel occupying the shelter

-29-
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anc¢ their
body odors and removal of cigarette smoke also enter into a determina-

~ion of the ventilastion requirements. Approximately 10 cfm per occu-

and 4 which are reproduced from ENCR No. 30, "Protection of Structures
fyom CBR Contaminetion" dated June 1355, show the physiological effects
of carbon dioxide and indicate the quantity of air required from the

standpoint of ideal conditions of occupancy.

() Overpressure
Sufficient filterec air must oe supplied to saiisfy

intein the overpressure in th

i i -~

s

protective entrance. ZIvery vractical effort should be made Lo reduce
excessive leakage in order to reduce filtered air regquirements. Some
svstems are designec sc that the GFFU alvays operates at a relatively
constart flow. This €low must be capaeble of keeving the overpressure

>
entry an

<
vy d

(3]

ex:i of personnel. Other

units are capable of supplying filtered air at increased flow rates

when versonnel enter or exit.

(3) Tquioment Cooling

+3

his regquirement has beer adequately covered in Section

)
-
-
n
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(L) Purging
‘hen & person enters the protective entrance, the pressure
falls to apprroximately atmospheric pressure permitting airborne contami-

ants to enter.

1to the main shelter can be accomplished,
the airlock must be supplied with sufficient guantities of air to
restore the overpressure and purge the airlock of the contaminant by
dilution. The general criterion is that this scavenging action must
reduce the concentration of the agent by three logs within five minutes.
he shelter, as well ae the vrot
:f it has been exposed tc contaminated atmosphere while collective
protectior was nct inoperstion. There may be times when shelter
scavenging is recuircd during overation, as when a person enters
@irectly into the shelter in case of an emergency, or, possibly after

[

a norme. ertrv when the si

elter pressurization alir
small. The crptimum pvurging operation is based on minimum volume of
shelter or sirlock enc & high volume of filtered air. Figures 5, €,
scavenging action and volume of
©:l+erel z.r and shelter volume. Inspection of these curves illus-
trates the imoportance of these paremeters to adeguate design and effi-

cient overatiorn.

5. PRESSURI ZATIOR REQUIREMENTS

The crly wey to prevent penetration of contaminants is to insure
that pressures within the shelter are high enough to cause an outward

flow of air from the shelter to the atmosphere at all times. This
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(103 Reduction of Initial
Conccentration)

Scavenging Airflow Requirements
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FIGURE 7
Scavenginge Arrflow Hogquiren
(109 Ruduction of Initial
° Concentration)
fr TR
- I L S Bt 5 5
SRR I ———
: i 3 /7,
T T T ! 7777,
| | yRRETRRRASIX || WA/
| !' ! §....'.-n.'n'._.'-ig'-:.s- £1 ! //////
el |l | ianmmmen NNy /¥4
s T T ,,Lﬁ?:‘.%‘
T A
i L ] M AV
3 il _1 B | "‘%'_’(é/ L L pa
A FER A S 1 2o T 77
ST . BY e e ARE
SMEREIE R R R,/ f LY.,
IR/ AV
Pl 1] WV /5408940
z o — . L ‘11 I[;__ vJ‘ ‘11
E A Ar 2 A B CER.A
} : - Ve L L L 7 L
- : VALY I A .. G
2 Y A AWAR
NRURY, /Ayl
N VA AW AERE
A\ S S
ol L L L / IR
:.__ Tt/.'-—"- — _AV 2 zj 7
R A A A ARy Y. -
A4 A /T T T i '
N A A AR T
77 7 e . bt
L L L
o S : TN
vy 4yanin 1IN
-l ya Ppd . B N |
7 7 ‘ :
V.4 Z N B )
1 N | 11 1 1 H
B H— Jdy ‘
1P Co T i
4 ] i
bl s
&

Downloaded from http://www.everyspec.com

1d.ooo

1000
100

N3D) MO SMIY DUNd

3

N

~ams



Downloaded from http://www.everyspec.com

MIL-HDBK-T53
31 August 1971

requirement could be met with very slight overpressure if wind effects
on the walls of the shelter could be ignored. Winds of even low
velocities blowing against the outside walls can force contamination

b e akhal
iv0 viic oiic o

(]

+aw Wi mimo
Vi d - -

igur shove the static overpressure required

(¥

to overcome the effects of outside wind.

It has been established that the lowest overpressure which
should be considered for field shelters is 0.3 water. This pressure
will prevent infiltration of contaminants during & steady 25 mph

f ~a O 1 Lo\ s - N P PR W £ oo PO PUp -
(21.6 knots) wind under normal conditions. In order to

ct

get low
temperature (higher air density) requirements and provide tolerance
for autometic pressure control systems, the minimum pressure ususally
maintained in the typical protective entrance in field epplications
is 0.5 to 0.7 in. wg. Under normal temperature eondit;ons and using
e manual pressure reguiator, a minimum of 0.3 in. wg. should be
maintained as the lowest pressure level in the protected systen,
usually the protective entrance. The pressure in the shelter proper
should be normally maintained at least O.l1 in. wg. higher than in
the protective entrance to insure an outward flow of air from the
shelter under all conditions of operation.

If consideration is being given to providing protection to a
vehicle or van while it is in motion, the combined effects of wind veloclity

and vehicle speed must be considered in determining the minimum

pressurization.

—39-
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The protective system should be provided with sutomatic pressure
controls and sensors for controlling the positive pressure in both the
main chamber and protective entrance. These controls consists of
pressure actuated switches (drephron type switches or pressure
transducers) that oper
in the filtered air supply to the shelter and the protective entrance.
The difference in pressure between the main chamber and the airlock
must never be lost or reversed if protection is to be mintained.

The overpressure of the system should also be kept et or near

o oay [

prescribed performance specifications to insure that ithe reguire
1

Cu

e
level of protection is provided. Automatic pressure control does
not require monitoring by the operating personnel and is generally

more relistle than manually controlled pressure systems. 1In & systern
where the scavenging flow through the protective entrance is increased

during entrv, sutomatic pressure control devices are used to initiate

this mode.

7. RESERVE CAPACITY OF MOTOR-BLOWER

The motor-blower should be capable of delivering & sufficient
amount of air to maintein tbe design overpressure in the protected
system under the specified range of climatic conditions and loading
of the particulate filter and, in addition, supply scavenging air for

the protective entrance required. The motor-blower should alsoc be

TS
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capable of maintaining this delivery rate when the internal resistance

of the GPFU increasses. This reserve capacity is required to offset

the

[

o086 in flov caused by "loading up” of the particulate filter as

o]

a function of time in use. Usually in fixed installations & reserve

. -~ ~ <4
Ol n. Wg. 158 auequate.

[

2
applications, reserve head capacity of up to 10 in. wg. have been
provided due to the extremely dusty conditions that can be encountered.
Since the filtering effectiveness of the particulate filter is not

decreased by "loading', & reserve head in the motor-blower is & good

f increasing the ¢
for any perticular application, therefore, depends on the design flow

rate, the pressurization requirement, and the projected operating

time and environmental conditions.

e o e —— a my—

8. SPECIAL REQUIREMENTS FOR PRE-FILTERS AND INERTIAL DUST SEPARATORS

Shelters which are designed for operation in very dusty situations

such as tracked vehicles or shelters which will be utilized in the desert,

are required to reduce the gmount of dust reaching the filters of
the GPFU and causing & rapid build-up of intermal resistance in the unit.

1 types of mechanical

(=7

ust separstors are available but

most collective protection applications have utilized the vortex type
in which centrifugal force ie used to separate and exhaust the dust

particles. A separator of this type is being designed for use with the

v

42-
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modular collective protection equipment being developed by the Army

capable of removing & minimum of about 50% of all dust from a dust
cloud containing 0.025 gram/cu. ft. of AC Standardized Coarse Test
Dust. Provision can be made for removal of the separator when it is

not needed in order to reduce weight and power requirements.

g. SPECIAL CONSIDERATIONS

In the design of collective protection equipment several additional
factors must be concidered in relation to the intended use of the item
for which protection is being provided.

(1) Fixed Installations

The structures are usually large and of a permanent nature.

Many have existing heating and cooling systems which can be operated

in either make-up or recirculating air only modes. When consideration
is giver to collective protection equimment, weight, power and cubage
problems usually are not as critical as in some other applications.
Adequate equipment can usuelly be selected from the list of standard
GPFUs. Existing rooms in the structure can be converted into airlocks
or separate entrances, utilizing, if necessary, recirculating GFFUs
attached to the structure. 1In larger structures where adequate facili-

ieg and suppires exist, it is possible to prcvide shower fecilities

and clothing replacement.

~43-
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- . GPFlUs and.motor-blowers are attached to the Modification Kit to pro-

vide filtered air to the module. In use, the module is secured to a

g 81l &8 na & re.,
(2) Mobile Applications
Mobile applications include portable shelters, vans, and
venicles. FProtection may be required for vehicles while stationary

and in motion or while stationary only. In the later case, it is
the collective protection equipwment operate from

the vehicle's power supply. However, in general, the CPE, the ECU,

and the electronic equipment in the shelter operate from the same

n equipment for use in mobile appli-
cations. The collective protection equipment may be required to operate

off the vehicle's power supply and in many cases the power supply

£

y
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If protection is to be provided while the vehicle is in motion, the
overpressurization required can increase several fold. Since mobility
ie of prime importance, the protective entrances must be collapsible
and rapidly deployable. Incorporation of coliective protection egquip-
ment may result in intolerable environmental conditlons within the
shelter and meke the installation of environmental equipment manda-
tory. Noise levels must be controlled to meet acceptable standards.
Ballistic shields and deep fording valves for the air inlets may be
necessary for certain tactical vehicles.

(3) Interfacing Components

Effective operations in a toxic environment will demand
an integrated approach providing protection across a wide span of
routine activities. For example, the development of the Flight Line
Tax: has been paralleled by the development of the Cockpit Canory
and the Modificetion Kit for existing structures. Nothing would be
accomplished if the flight crew could not complete the chain of move-
ment from the protected ready room to the Flight Line Taxi to the
protected aircraft access. All of these components are capatle of
interfacing with each other in the proper sequence without loss of
protection by use of the Interconnect Adapter Kit. Design provision
bhas been made in the XMS1 Shelter System for interconnection of multiple
units to increase the size of the protective shelter. This requirement
for integration of equipment must be borne in mind in the development of
nev equipment so that maximum flexibility in use and application of the

protective equipment is provided.

R
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10. INDIVIDUAL EQUIPMENT FOR USE IN EVENT OF COLLECTIVE PROTECTION
MALFUNCTION

Althcugh the cstandard collective protection eguipment has beer
designed for a very high degree of reliability and endurance and has
that or rare occasions the equipment will malfunction with & resultant
loss in protective capability. Due tc unforseen emergencies, it is

personal protective equipment, particularly the masks. In the design

supply of individual protective equipment. An alternative solution is
for the entry procedures to specify that personnel retain their individ-
ugl masks after removal from the head. This may be done without fear

of contaminating the shelter if the mask is enclosed in ar impermesble

by = mol Aneeed
e gas mask carrier.

o]
ct

1

,
B
3
[N
i)
Eﬂ

bag or 1
a mask whick hes been exposed to agents are described irn the manuals
for the particular mask.

The possibility of loss of protection by malfunction

3 PU=o UL LY rivvei L1100 L a 3¢ V11l ,

enemy

action, or exhaustion of filter capacity illustrates the need for agent

availability of an automatic alarm such a&s the ME, the use of the

Detector Kit, Chemical Agent, ABC M1BA? is recommended. The use of

is similarly recommended. Maximum use should be made of the Decontami-

~46-

MM d ) fremmw = —em— o~ o

~



Downloaded from http://www.everyspec.com

MIL-HDBK-T53
31 August 1971

nation and Reimpregnating Kit, Individual, M13. Recommended procedures
for entry/exit and decontamination are presented in Appendix C of this

report and are discussed in the next section.

—— TN -

11. ENTRY/EXIT PROCEDURES

Tne tactical situation and the function of shelters requires
that personnel enter and leave for rest and relief, to conduct missions,
and to transmit communications. In the unusual situation where entry
or exit is not required during an attack, there is no need for formal
procedures to maintein the protective integrity of the shelter.

The sole purpose of the protective entrance or airlock is to
permit the entrance or exit of personnel without causing contamination
of the shelter for the personnel inside. The rate of reduction of
contarination ir the protective entrance by the purging action
determines the residence time rzquired for a person before entry into
the shelter proper. 5Size consider
for handling groups of men at the same time or for stretcher cases.
Examples of approved procedures are presented in Appendix C.

The importence of proper training for personnel and strict
adherence to entrv/exit procedures and thorough decontamination

____ .

before entering cannot be overemphasized. A well-designed and
properly operating shelter can be completely defeated by a lack of

regard for these considerations.

47~
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V. STANDARDIZED ARMY AND ATR FORCE
COLLECTIVE PROTECTION EQUIPMENT

1. COLLECTIVE PROTECTION EQUI PMENT (SHELTER SYSTEMS)
There ar currently & number of standard CB collective protection

systems developed primarily as protection for missile vans.

Since this report is intended to provide information pertinent
to the design, test, and evaluation of collective protection equipment,
detailed informaticn is not provided on these systems which have
completed the design, test, and evaluation cycle.

A listing of the standard systems is provided in Teble V-1.

This list includes only Army systems since there are currently no
standardized Alr Force collective protection shelter systems.

N

Additional descriptiv

ve information on these systems is aveaeilsable

4]
]
R

through the various manuals and descriptive documentation associated

with the cystems.

N

GAS PARTICULATE FILTER BEQUIPMENT

The current standard air purification systems utilize a particulate
filter and a gas filter contained in a single housing with a motor

blower contained either inside or external to the housing.

specification MIL-F-51079. The filter material is folded into pleats

with separations and cemented into & rigid wood or metal frame. The

-48-
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Table V-1

T ———
Standard Collective Protection

Shelter Systems

Unit

Use

NIKE-HERCULES

Trailer Mounted, Ml

AN/MSQ-28
Skid Mounted, M2

Skid Mounted, M3

AN/MSQ-28
Skid Mounted, M4

AN/MSM-34
Skid Mounted, M5

AN/MSM-55
Skid Mounted, M6

Mounted, M8

AN/TSQ-38
Skid Mounted, MS

HAWK, M10

Guided Missile Van

X! e —mwm m RA :
Weapons Monitor Center/

Radar Data Processing

Mantar
Tlis - 4

(

Radar Equipment
Trailer

Radar Antenna Trailer

Maintenance Trailer

Operations Central

Coder-Decoder Group

Battery Control Cenirai

FSN 4240-715-6557

FSN 4240-766-5820

FSN 4240-766-5918

FSN 4240-766-5918

FSN 4240-766-5917

FSN 4240-766-5916

FSN 4240-766-5915

FSN 4240-766-5914
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Table V-1
(Continued)

Unit Use Designation
NIKE-HERCULES Fixed Tnstallation ' FSN 4240-937-7030
CONUS, M11
NIKE-HERCULES Fixed Installation FSN 4240-937-7031
CONUS, M12
NIKE-HERCULES Fixed Installation FSN 4240-937-7032

CONUS, M13

-50=-
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-y

ilters occupy approximately .002 - .008 cubic feet elivered

ol

cfm of
gir. 1n general, this perameter is lowest in the larger fiow capacity

£i1ters. The filters are capable of removing solid and liquid serosols

- A oY t\—a\

with the 8 ve masks.

Where dust loading is excessive, cyclone-type dust separators or
prefilters are normally used to prevent the filters from loading and
increasing their resistance to air flow.

ial is packed intc a ri
or holder between perforated metal screens lined with & thin cotton
batting tvpe fine filter medium. The charcoal removes gaseous tcxic
agents principally by physical adscrption with the same effectiveness
as individual mask filter elements or canister§.

e brief descr:

i s

" .
i

-3

aY e V.
aw o vV -

- .
~ 5
z list

(e

vtion of the

|

fo

S o
L NE

™

standard gas particulate filter urits.

w

. PROTECTIVE ENTRANZES

Protective entrances (sirlocks) have been developed feor e number

(3
o ]
g

nack
pac

-

passing messages, and the amount of time spent in an airlock. In some

instances, the protective entrances have been designed to provide an

) TN B Semn em T AanAA~ ~ A Ady_lirna macl nwrhan anrfayraino ranuvec
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Fulter Uals

N4 (GED)
M6 (EMD)

M8 (EI4D)

# M9 (EMD)

* 449 GED)

+# M10 (EMD)

¥ M10 IGEF)

% M1 (EMD)

* M1 IGED)

#2112 (EMD)

¥ M12 IGED)
M3

M3

4 Mi8

Use

Fleld Collective
Protector

Field Collective
Protector

Tanks

Fixed lnstallstions

Fixed Installations

Fixed Installations

Fixed lnstallations

Flied Installations

Flied Installations

Flxed Installations

Flied Installations
Tanks

NIKE Misnile Vans

HAWK Missile Vans

Misaile Monitor

Capacity
(CIM)
300

300

13

§00

400

1,300

1,200

2,500

3,500

3, 000

300

400

: Table V-2
Standard Gas Particulate Filter Units

Dim ensions
(inches)
34 x3¢4x 38

4 x34x 3

13-5/8x7-1/2x 6

103 x 30-1/2 x 40

81 x30-1/2x 40

163 x 33 x 40

136 x 30-1/2 x 40

163 x 52 x 40

138 x 52 x 40

168 x 53 x &0

158 x 53 x 60

84 x 4£6-1/2x36-1/4

40x4x1e

84 x 15x 20-1/2

Weight
{lbs. )
100

400

ryj

oo

i1 ¥

#*Being proposed for deletilon pending AMIC Action.

Power Supply

Gasoline Engine

110v, 60 cps aingle
phase

37.5 vike

230v, 0 cps
throe phase

Gasolinc Engine

230v, B0 cps
three phase

Ganoline Engine

230v, (30 cps
thrce phase

Ganoline FKngine

230v, B0 cpse
three phase

Gagsoline Engine
37.5 vdc

208iv, 400 cps
three phase

416v, 400 cpa
three phase

200/416v, 60 cps
tarece phase

Power Rating
(bpl

1.3

36

1.8

1.3

0.7

1.0

Power
Consumtioa

1/18 gal/br

1 KW

72 watls

0.73 KW

0.33 gal/nr

3.3 KW

0.58 gal/he

3.3 KW

0.58 gal/br

4. 78 KW

1.33 gal/nr
133 watte

1. ¢4 KW

-52-
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area where personnel cen deconteminate themselves prior to entry, and

can don protective garments before exiting to the toxic environment.

ize & protec-

Table V-3 summarizes those standardized systems W
tive entrance or airlock as a part of the shelter system. - - -- - . L
Protective entrances are designed to provide for purging of an

ior contemination level by means of either a controlled flow of .
purified eir from the shelter and/or direct line from the main filter

unit; or by means of & special gas particulate filter unit for recircula-

ting and purifying the air within the entry system. By either method

the system for purging the airlock is most commonly reguired to achieve

log recducticn in intericr protectilve entrance level c¢f contamination

within & 5 minute period while retaining internal protective entrance

flexible type protective entrance, butyl-coated ryion and Tedlar/Dacron
la~inant have been successfully used. 1In selecting the materiels, full

consideration have been given to structural strength, ability to with-

stand use and abuse, and weight.
L, MISCELLANEOUS EQUIPMENT

ccliective protection shelters {with the exception of the M2 anti-

backdraft velve). These standard items are:



Downloaded from http://www.everyspec.com

I,_aml.

‘o LY whoem

00°0¢ Alqussesn
JeQEINYD J3ING IMPWTIP PAINIZ

L00°9y  Aaqweses £poq mww Jejaurvyp paiasZ

W08 ‘0L £lquuasne Jaquisyd Jeino Wiy payaug

W00 ST Kiquissss Lpoq ujews Bty PRI

PAWNOW MIAYIA
‘oed LE wiiom
.00°88  Kquasse Lpaq ujews Jaj2uTip pURIISY

.08 8L Klquasse Jaquieyd J31h0 wiay payasy
8686 Llquasss £poq uisw WHjay pad2ag

paUnQW punRDJID)

(1)

Ia3a® OURIIIS 2A13I3104d I JO suOiSUIUNP

ML O M FGIUY 0§ O) JAGWLYD doUEIWD aapdaoud
12100 BY) PUE JHAL SIYLUT OF T O) KMpWIYD IDUCIIUD
9AJ133104d UlEW Y} IO SIYOUS §L | 01 UOIIY jauuonsad
ay) aspannsasd oy NAdD WId 0OP B ¥ILH N waysks ayl

(sawainseaw pajdaad) ydy ) /1 9 X Buof 133} »

I apim 123 € 8] 3DuEI U 2A1DN0D LW YL TOM
#3yaug ¢ AJarewix01ddir 0 IIUEIID dA[3D3}03d ayy pus
O M SYdUL L] 01 g7 D) [LIIUID O jUI0D aztan¥suad 0)
wiyd QoL 18 PAITI NAdD 81 W 83zHUN Waeds 3y

(F3UIUWIIINSEIWU PINDIL1I) Yy

SAYOUL gL £} X YIPIa Saydut ¢ 08 X Qduag

sydul p/1 97 6! pue wpunod (g siydjom waeks
2OUTIIUI YL “Om SAYdUY g G) G T 0} auesUI
o,p_-uv:v.:_ JY) pPUT DM B3tdUl [ O} §° O} uea Iy} jo
w0}138 |auuosiad ayy sazwunssaad Yoiym Wjd 00y 'T
1o paies NAdD SN ® sanjpin wasde ayr

‘suawwo)

Sa01[SYS PIWNOI
-punou’ io0j adLy Lpoq-prone

JO ‘813 IYS PIWNOUI-IIRIA
10j adky Apoq-Fuoy sayyis #y
soueajuy -oweca) dooy jejaw iq
paizoddns uaju payeod-jAng
j0 sadquieyd [Lajapuiida jong

(w53 oot)

DA[CA JJrapyduq-liue us yInoayy
[TAIUID JOUIL0D JRY) WO e
(W3 GL1) V3231 Hun 193y € wol)
HIX] ST IDUBRIRY Uy} O} a0y

21V Ca21Ad Fupio}d pojulaado
Jutads © Ay axpaido) ploy diE
sjaucd a4 aoop € se poued jo
503p> Durddc]12A0 w3un WONAe
DYl CAPUINNLE JUINd) juiew
1940 UOPAU PIYRBOD -jKingy

soafea dup) yinoayy

DJISOLYXD Bl UL MO[J Wiajtun

ut aduc U, dald010ad Jif) JO
Yiduaj ay) Juoje wasscd Jjy  Cuea
Ay} JO JOLIJIUL JY) U0} B[E PIIILYY
$2ZI NN pue JI[¢ aduesyud Buiso)d
-Jlas € seq wgiskn ayp  supryd &g
palioddns pur 313008 U pajunow
Jwea) wnununje uo paysoddng
uojiu parieod-jAing

uvondynd

ENI0J 1Y PITPUCES
£-A J4EL

BSO/ts6L-vO
uopywis Bupnoway Jvpey

[enuad foujuod K1a1eq XMVH

waieky uojaajoad A0 uka
sissiw papind STINDUIH-AAIN

“worie nddy

2OWSJ JIB
sapdmoad Lpoq 1a0ME
pus Lpoq Ruoy (0)

1T SRV Y
sapaead LN (3)

2UBIIUS A dod
pazpanesaad gin (1)

adurUF A0



Downloaded from http://www.everyspec.com

lmml

spunad gy Whaa pue yipia sayduy gy x yilluas| saqauy g x

S gyl S VU PAWNOW - YN Yy 20} WIIay IR
). spunad ¢ ayl)am walnds gy pus YIpia sRUY gy
x Iyud] Baydul (p§ X SIIU) gy 8) JuUn pImoOus -punou
W) 10) Wihay patdaad Ayl Fm ‘U £°) Q) IS
2A1122104d 3yl PUT DA\ SIYIUY G "] O] KUOHIDUN [SULON.IIY
a1 #x1anus3ad 0} N4d ) WD 0Oy © BIL| I waykhe )

wpunod ¢¢

WM U (IR G JSWIRIP POIDIID (KIYDUY (iE ]

0y ey PRI Ayl ¥a Ul 2 0} saumud
241132104d 243 puUt D\ YIYIUY § | O) HLOY)IIE [ALOKIAd

ay) azyanasaad 0y N4dD WD QO ® a4l Wk ayyg

spunod 1 ¢

Whaa pus teaydul g J21AWISIP PAINILD (Bayduy gy

01 WBiay PAId21d 3L B ‘uj g7 0F dduesUI
2411221044 241 PUT DA SIYIUY § | OF BUDKIIDN [AuuLE I
)y a311n8821d 0 N44O W) Q01 ¢ ST N WA sks ayl

spunod ;¢

Whas pus (EaYdU| g J2IWRIP PAIIIID ‘BIYIUY 9P |

o) D padasa apl Ba up g O} ddURIUD
ARIN0IG Iy} puUB DM FIYIUJ § T O} SUOLIIIS |uuosiad
) aspnesasd oy NAdD Wy gop ® S2z|[jm waiske ay]

J00p iy sadcljz v saxfIn
washn Al "8I IYe 20}
[SAC pue ‘RI[ONIA 1Q) 2WINII}D
—sadeys oM} JO aaE ¥IDURIIUD
L Ty Huin) Ul wngg
Yitam 244448 LOjAU 0 -jyngd

2004 Ky aodidjz u sazpIn
Wasks o) CRIY WS 210)
18AQ puUE ‘$2{J1YJA JO] 181AI4LD
— NS LMY JO 2N BOIUUIIUD
gL Cowiag Jurqo) uweujtunie
Yitm Jpuqe) uotku puieos-1hing

A00p LAY JIOMIT & BIZI 1IN
WANREB 2yl "SI IYe J0;
1®AQ PUB ‘EI[DIYIA 10} AT]RII}D
—sadeys Om) JO duE ¥IIULIUD
YL owCa) Jurgny weujwing e
Vit 3jaqe) vojlu pajeoa-jhiny

J00P 1A} 12A01Z W SITFHID
wansds ayl 843 0ye 40}
18AQ PUB “83[2}43A 10} I¥|NDII}D
—sodeys Om} JO 2uw BIDURII
Yl dwey) dugny woeujwnje
Yitm 212qe) uorfu pareos-(LAing

(PnuUIIu0 )

€-AJIqul

wasig
2sUIJA(] YDy - MY
»-OSW INV

waysdg
ABUIJHT Y11y -puy
$-DEW /NVY

was ks
ABUIJAT YsaaY-huy
¥-OSW /NVY

waeks
IBUDJIQ Yoty Uy
P-OSN /NV

dnosD 12p0IN]-32p0))
J184363) svonssad()
(3C-OSL/NVI sl (1)

dnou) 19pRIN]-22p0)
fienua) svopesad)
B1-OT/NV]) SN (8)

ER LB 8

JdusuIju|EWy [IIjjua ]
wawdmby Jepuy
(8Z-OSM /NV) PN (§)

133D uyseadoay
SI%] JUpRY 21U )
aouo dtuodea
(0Z-DSW/NY) €N (¥)



Downloaded from http://www.everyspec.com

MIL-HDBK-753

31 August 1971

The M1 Contaminated Clothing Chute - a [langed sheet
metal chute designed to convey contaminated clothing
from an airlock of a shelter to & 32 gallon container
in an unprotected ares

The ABC-12 Protective. Shelter Permeable Membrane Door -
a door designed for installation in e 3 foot x T foot
doorway or corridor to provide safe entry for person-
nei. This door consists of two permeable elastic panels
mounted on holding rings hinged to steel angles on the
sicée of the doorway. Air flows through the panels at
approximately 40O cubic feet per minute

The M1 Air Pressure Remulator - 2 reguletor consisting
of & steel frame (23 inches high x 13 inches wide) with
an opening 9 inches square at one end. A moveable
steel panel is raised or lowered to vary the size of
the air vassage.

The AN-M?2 Antibackdraft Valve - a valve for reguleting
the air pressure inside a protective shelter. Tiae
valve also prevents the reverse flow of air into the
shelter. The unit is 173 inches x 1k inches and con-
sists of & Ilanged sheet steel body with & hinged
cover. An acjustable counterweight is screwed to a
shaft inside the hinged cover. This counterweight

is adjusted to determine the pressure necessary to
oven the valve

The M2 Antibackdraft Valve - a valve for the regulation
of a.r pressure inside the protective shelter and the

prevention of reverse flow of air into the shelter. The
unit concists of a flanged sheet steel body fitted with
e hinged cover. The cover is attached through a linkage

to & pivoted arm and an asdjustable counterweight assemoly.

-56-
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VI. DEVELOPMENTAL ARMY AND AIR FORCE

Military requirements exist for a variety of shelter systems
to provide protection against chemical and biological agents. To
meet the specific mission requirements of the services, the following
shelter systems are being developed by the Army and Alr Force:

(1) Shelter System, Collective Protection, CB: Inflatsble
10-Man, Trailer Trensported, XM51

This portable air-droppable, multipurpose field shelter
is being developed by the U. S. Army, Edgewood Arsenal, anc uses

filtered air under slightly positive pressure to protect as many as

wall constructior consisting o
inches in diameter on the sidewalls and the arched ceiling and 1z
inches in diameter on the end walls. Similar inflatatle tube construc-

tion is used for the airlock which is connected to one end of the

o
1]
[+ ]
o
o
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o]
(14
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o]
(14
(=
<
o
o]
m

Control Unit (ECU), and power plant (20 h

& 7.25 kw electric generator) comprise the remainder o

sYE These units are shock mounted on the bed of & li ton cargo

JoLEL.

n

|

trailer.
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The GPFU provides filtered air to satisfy the ventilation
requirements of 150 cublc feet per minute, and maintaining an over-
pressure of at least .4 inches of water in the shelter and .3 inches
of water in the alrlock.

The ECU provides both heating and cooling modes of opera-
tion with thermostat control of shelter air temperature. A recirculating

filter unit is contained within the ECU for the continuous scavenging

(o]

£ recirculated air from the shelter. A separate recirculating filter
is used for scavenging the protective entrance. T

» n oAf
PS A Ja

ct

01 eac

hese filters is further enhanced by the filtered pressuri-

zation air passing through these enclosed spaces.

—~

Type mobile, portable, pressurized
CR field shelter ’
Construction dual wall, air inflated ribs
Material Tedlar/Dacron laminant,
coated with neoprene
all thickness )
Sides and arched roof 16 in
Ené walls 12 in
Airlock 7T in
Floor area (interior) 210 8q ft
Ground anchors
Type arrovheed, military standard
Size L in
Number 1k
0
«50=
i) b Y nNaryniral UemnT 1 iXxkRT T0OMm . NATITT A VLTI 1 AL 1001
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External guy limes b
Weight (shelter and airlock) 500 1t
Volume (shelter and airlock
packed for trailer stowage), 87 cu ft
Pressure requirements
Blower 1.5 psig
Shelter atmosphere 0.4 in {water)
Airiock atmosphere 0.3 in {(water)
Pover vplant
Ty ve 20-bph gasoline engine
Model LADBL (Mk III)
Fuel tank capaciily 50 gal
Generator
Make Generac
Yotel VF0-80C
Rating 12/208 v, 60 Hz, AC; 7.25 kv
Refrirerant compressor
Trpe gasoline engine ar:ven
Make Frigidaire
fir heater
Ty pe gasoline-firec
Make Stewart-wWarner
Moael MFS10AC
Treiler ,
T.De ls-ton cargo
Moael M105SAZ
Weight 2,550 1b
Weight of trailer and
stowed shelter system 4,850 1b
Wil CPE Collective Protection Egquipment for M2GZ
Expansitle Van Truck
This collective protection equipment has been developed
by the U. S. Army, Edgewood Arsenal, to provide protection for personnel

an the M820A3 expansible van truck who are

fire direction center functions.

performing command post and
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An interior liner of nylon fabric coated with butyl rubber

to arproximately 250 cfm. Zippered openings are provided in the liner
for access to switches and operating equipment.
A protective entrance (airlock) constructed of nylon fabric

coated with butyl rubber rests on an sluminum platform and is supported

ne N
e U

o]

a pulley end bar essembly. It is attached to the liner by

means of a zipper.
Additional componente of the system include a 400 cfm
capecity GPFU and an automatic air pressure control and warning system.
The equipment, except items that can remain installed in

“he var . pre stowesd or = 1% ton cargo treiler along with & militarve

tvpe diesel-engine-povered generator which supplies power for the

inside the van &t e level slightly greater thar 1 inch of water and
slightly less thar 1 inch of water in the protective entrance. Suffi-

cient airflow is provided by the GFFU primarily to maintein these

vrovide for scavenging operations.
The aUtomatlc gressurce contrcl s
from the GPFU and provides warning of low pressure levels by means of

audible and visual signals.
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The tentative principal characteristics of the sysiem are

as follows:

Model

4

- - ™
rower rialv
Electric generator

Transformer-rectifier

components)

Trailer
Model
Capacity
Weight
Emoty
Fully loaded with CPE
components, including
power plant and modi-
fication hardware
Removatle CPE
components

Protective entrance

GPFU

Rated Air input

Rated air output (to van
and airlock)

Aif'supply fan raving
range

width

Length

Height

Weight
gh

Material (van liner and
protective entrance)

Mli CPE

collective protection equip-
ment for M292 expansible van
truck

15 kw, 208/L16 v, 60 Hz, AC

24 DC, 9 amp capacity

Fe X
Wi =
D

o]
o}
a

2,650 1b
6,246 1b
9% 1b

1 in (water gage)
slightly less than 1 in
(water gage)

fabric coated with butyl
T
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(3) XM1S Collective Protection Equipment for M5T77-Series
Commanc Post Carrier

Thie collective protection eguipment hes been developed
by the U. S. Army, Edgewood Arsenal, to provide protection for crew
members of the M577-series command post carrier in their performance
of command post and fire direction center functions.

Purified air is provided wrer positive pressure to the
crew compartment of the cerrier from a 250 cfm capacity GPFU.

A protective entrance made of butyl coated nylon fabric
ie attached or the ramp of the carrier and supported by s collepeikle
metal frame.

By leakage reduction measures, the vehicle can be pressurized
to 2 positive pressure 7 inches (water gage) with respect to the atmos-
vhere, or 1 inch {water gage) higher than the meximum Dressure level

— el . mwam e wm
the €n compartment

st meximum engine speed.
The cvstem also includes a control systen fcr eutometic
regulation of the eir pressure in the crev compartment anc the

protective entrance.

The tentative princival characteristics of the systerm are

Type collective protection equip-
ment for MSTT-serlies command

post carrier

Power source vehicle's electric power
systen - 27.5 v IC

Power requirement 5C emps
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Air pressure reguirements

Crew compartment 1 in (water gage) higher
than pressure in engine
compartment, which varies
with engine Tpa

Protective entrance glightly less than 1 in
(water gage) higher than
pressure outside vehicle

GPFU
Rated airflow 250 cfm
Operating temperature
range -65° to 125°F
Dimensicns
width 239.5 in
Depth 2€6.5 in
Height 13.0 in
Weight 200 1b (approximately)

Material (protective

entrance) nylon fabric coated with
butyi rubber

(&) CB Modification Kit for Fiight Line Taxi

The modification kit for flight line taxis was developed
by the Air Force Armament Laboratory for installetion in any multistop

penel truck with a minimum of modification to the vehicle.

Eech kit includes & butyl coated nylon protective liner

air purification and pressurization gystem, and a control and warning
system.

The filter unit consists of a L cycle gasoline engine
which powers a centrifugal blower. A pressure gage provides the vehicle

driver with & continuous indication of crew chamb

-63-
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A 2 inch by 24 inch by 24 inch commerciaml prefilter, a
MIL-F-5121A activated charcoal gas filter, and e MIL-F-51215A particu-
late filter are used in the system. The activated charcoal filter

limits the airflow capacity of the filter system to 600 cubic feet

O
"

factory calibrated to indicate an

The airlock consists of a double door sealed chamber
which can accommodate two occupants. There is no interlock between
the doors of the sirlock other than a system of warning lights. A
sides of
+he inner airlock door for a period of 30 secends, allowing sufficient

time to purge the airlock. The door latches are mechanical devices

[

similar to conventional door latches.

(5) A/E 29P-1 CB Shelter-Decontamination Unit

™e A/E 2QP.1
< =24 -

P ¢l J

unit is air transportable and is simplified in design and construction

to require minimum manpower and time to prepere and operate the

shelter,
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The shelte ide, 8 feet high,

o}

is appro

32 feet long, and weights 12,000 unds without water. The unit has

po
rubber tire casters and jacks to afford limited mobility (5 mph

mau—l - - - ) nnd

mvmand An Amad +
DWCU Wil wabvoli e ’ oid L

f

internal rail, ship, or C-130 aircraft. With wheels extended, the
height of the shelter increases to 10 feet, 6 inches. The shelter

3-phase, L-wire power, and it operates

b of s -
- FEEEEET = & =<7 = L aasid

(13
2
[

on approximately 30 Kilowatts. The unit has a cooling capacity
imm loa
of 56,000 BTU/hour. Temperature is thermostaetically controlled from

F (dry buldb) maximur at 50 percent relative

pe
the main contrcl penel to a source of electrical power, erecting the
an

queueing shelter d unfolding the egress airlock.

o
oL

(]
fel}
~~
o
[1]
s
(o]
tl

circuit. Initiel activation of the electrical subsystem tekes place
immedigtely after power is applied through e circuit protector in the
lished through the first

stage of the thermostat in the hot water tank to the relay, activating

-65-
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the first {3-Kw) stage of the immersion heaters. If additional heat
is called for by the second stege of the hot water tank thermostat,

a time deley will act 30 seconds later to energize the second (18-Kw)
stage of water heating.

The second phase of system operation (lighting, unit
pressurization, and environmental control) will be initiated by the
closing of s switch activated by opening of the ingress airlock doors.
Advanced activation in prepsaration for a chemical-biological attack
could alsc be accomplished by this means.

For a typical operational cycle, personnel will enter

et e el ol ol a T
% I

-~ ~ Gr samwe e -
Lz Ugli

tne a;i‘lOCn, remove their contaminated Clﬁtuiug, aeposit it
intc a laundry chute, and proceed to & shower area to be decontaminated
ty the wet-scrub-rinse cycle. This cycle involves & 15-second wetting

perioc, fcllowed Dy a8 ¢ 3/4 minute scrubbing period, and terminatec

with a one minute rinse. Personnel wearing protective masks will

- -

a

)
o]
o)
n
(=2
ot
+
¥
1]
3
A,
3

anc rinse phases., After the rinse phase, personnel will enter a drying

bhen proceel tc
the main protection chamber where they will either remain until it

is safe or don protective clothing and return to the toxic environment

to continue their prescribed mission.

The shelter has a personnel capacity of 15 pecple for
L e o~ Al —e Y - S O
30 nours Or o« pepple 10r O nours.

N
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z. COLLECTIVE PROTECTION EQUIPMENT (FOR EXISTING STRUCTURES)

In addition to the previously described shelter systems there
are a number of equipment items in development which are designed for
the conversion of existing structures into CB shelters. The items
being developed by the Army and Air Force include:

(1) CB Modification Kit for Existing Air Force Field
Structures

The CB Modification Kit for existing structures was
designed by the Air Force Armament Laboratory and consists of a ser-
vice module with airlocks, decontamination facilities, and a filter-blower
system which provides filtered air to maintain a 0.4 to 0.6 inch
water gage (IWG) overpressure. The kit provides the necessary sealing,

air purificetion, pressurization, 1ngress/egress, and decontamination

capability to insure CB pr

tection for Air Force personnel. It is a
removable modification to a structure and will not inhibit the normal
functions of the structure.

An opersational kit contains a collapsible pre-fabricated,

tmnsition section which connects it to the building to be protected

supplied with three filter-blower units, the modification kit is
designed to protect buildings with 16,000 to 20,000 cubic feet (rt3)
volume. By employing & maximum of three additional filter-blower
units, buildings with 32,000 to 40,000 ££3 volume can be protected.
The service module has an aluminum frame and stressed
aluminum skin and is mounted on extruded aluminum skids. It is 12 feet
long, 7 feet wide, T feet 4 inches high, and it weighs approximately

3,000 pounds. It bas double wall construction and is insulated with

~67-
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2.75 inches of rigid polyurethane foam in the walis, fioor, and

ceiling. The service module is divided into seven compartments:
entrance airlock; undressing room; shower stall; service compartment;
dressing roam; plenum cheamber; exit airlock.

The modification kit has a decontamination system (shower),

___a

an alr heating system, an electrical sysiem, a control system which

regulates personnel entrance, and an air pressuriszation system.
Separate entrance and exit airlocks eliminate interference

between entering and exiting personnel. The two airlocks are similar

except for the lights in the entrance airlock which regulates personnel

ant v =
SoiTY . b

high inside. The inner and outer airlock doors have a fiber glass
laminate skin and a foamed-in-place Polyurethane core. Each door is
self closing through the use of & conventional overhead hydraulic door

closer.

allov purging of contamination from the airlock and to allow enocugh
time for an entrant to clear tbhe undressing room before another tries
to enter. A time delsy relay controls each function with "wait" ang

“enter” lights in the entrance airlock. Switches on the airlock door

Air flows into the airlock from the interior of the

service module through a demper in the ceiling. The damper is normally

open but closes automatically when the outer door opens. Air flow

o
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through each airlock is controlled by an outlet near the bottom of
each outer airlock door which is adjusted to give & pressure differen-
tial of 0.4 to 0.6 inches of water gage (IWG). This is equal to an
airflow of approximately 100 cubic feet per minute.

The air pressurization system consists of the filter-

blower units, an influent air panel located on the side of the modifi-

PR W 1.2 & pap-
caLivil AdlLV, aliu

Bach filter-blower unit is composed of a blower fan, a
cormercial prefilter, a particulate filter, and a gas filter. The
blower fan is s direct drive, radial blade, centrifugal fan powered
by a one horsepower 206-220 volt, &
filter-blower unit will supply filtered air to the modiflicatlion ki
at the rate of 600 cubic feet per minute.

The flexible ducting used to connect the filter-tlower
to the influent eir panel is 13 inches in diemeter and supplied in
10-foot lengths. It is made of butyl coated nylon and is helical
wire reinforced. It can be collapsed to a length of approximately
2.5 feet for storage and is fastened to flanges on the filter-blower
end the influent air panel with screw type clamps. The influent air
panel is located or the side of the modification kit at the plenum

chamber. It has six flanges on 1t to which the flexible ducts from

the filter-blover units are sttached. The unused flanges are capped.

-65-
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The flow of Tiltered air, entering the modi ation Kit

b
..Jb
Q

through the influent air panel 1s split in the plenum chamber. The
bulk of the filtered air flows from the plenum chamber directly into
'the"proteétéd'building:*“éﬁe“ﬁundred cubic feet per minute flows
through a ceiling duct into the exit airlock. The remaining 100
cubic feet per minute flows into the other compartments of the kit
through s perforated door located between the dressing room and the
plenum chember. This air eventuslly flows through a ceiling duct
into the entrance airlock.

The kit requires 208-240 volts, 60 hertz, 3 phase, L wi

]

power source with approximately 15 kKilowattis capacity at
A portable gasoline-engine-driven generator, common to Air Force

inventory, will fulfill this requirement. Power is supplied to the
kit through a standard aircraft LOO Hz plug at an external Junction
box. It is routed to the main electrical control penel where 1t is

e D ha blnm wemam s 1
fed to the pressurization, alr hesating, water

and lighting subsystems.

(2) Aircraft Chemicel-Biological Protective Overlay/Entrance

The Aircraft Chemical-Biological Protective Overlay/

aircrews to safely enter the aircraft in a hazardous CB env
The overlay is a rigid fiberglass and aluminum structure
12 feet long, 7 feet high, and 6 feet wide and is mounted on a speci-

1ly designed expandeble stand. The stand can be raised hydraulically

2

to position the overlay over the cockpit. The overlay will seal to

AL S 4

.
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the fuselage, and can be adapted to the A-7, F-100, F105, F-4C, F-5
and F-111 a
fuselage configuretion. Automotive type running gear is provided
for towing the overlay at 20 mph. An electric filter/blower system
wvill produce an overpressure of approximately 1 inch water gage in
the overlay and .5 inches water gage in the airlock for CB protection.
The unit can be powered by the ground support unit or by the aircraft
itseif. Thne overiay 1s operated ty s crew chief wearing CB protective
clothing and can be positioned on the airecraft in 30 minutes.

The overley/entrance is stored near the flight line on
its stand, which ie in the collapsec position. It will be towed
out tc the desired aircraft and the expandeble stand will be raised
above the fuselage, the overlay will be tippec to clear tne canopy,
end the seal will be fitted around the fuseiage. The pressurization
syster will then be activated, and the eircrew will enter the overlay
through the entrance tube without exposure to the toxic environment.
After the canopy is closed, the overlay is removed, decontaminated,
and readied for re-use as required.

(3) Modular Collective Protection Equipment for Vehicles
Vans, and Shelters

A number of promising candidate components have been
developed by the U. S. Army, Edgewood Arsenal, to meet the colliective

protection requirements for present and future vehicles, vans, and

shelters, These componente include GPFUs, protective entrances; and
-T1-
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attachments which can be integrated into modular collective protection
for vehicles, vans, and shelters having airflow requirements in the
range of 50-600 cfm. The Modular Collective Equitment can be powered
from 27.5 vdc, 60 Hz, and LOO Hz power sources. It is planned that
this equipment will enter engineering development in FYT71 with type
classification scheduled for FYTS.

The GPFUs under development in this program have design
improvements in the air inlet protector, dust collecter, fan assembly,
particulate filters and gas filters over the current standard GPFUs.
Multiple filter designs were developed with airflow ratings (and

various fan assemblies) as followe:

Single filter GPFU 50-200 cfm
Two filter GPFU 200-400 cfm
Three filter GPFU LOO-600 cfm

Improved designs have also been developed for airflow
valves to regulate the amount of airflow through the GPFU and into
the protective shelter. Control equipment has also been developed
to provide automatic regulation of the GPFU to maintain a safe level
of pressure withir the protected enclosure. The control equipment
provides the appropriate audible and visual alarm signal for low
pressure, monitors the status of the particulate filters with respect
to restriction of airflow, and provides overload protection for

certain major components.

-72-
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A butyl-coated nylon flexible membrene entrence was
developed for highly mobile applications where simple and fast erect

and strike operations are desired and limited storage space is

availasble..- -~ : : - . -

The weight and electrical power consumption of the

de versions while in advanced development are as follows:

GFFU Weight Power Requirements
Unit (1bs) (amps at 27.5 V dc)
200 cfe 174.5 55
LOO cfm 252.L 89
60C cfn 272.1 13C
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APPENDIX A
PROPOSED MILITARY CHARACTERISTICS
FOR
COLLECTIVE PROTECTION FOR CARRIER

COMMAND POST, LIGHT TRACKED, M577

(SOURCE: LETTER TO CG, U.S. ARMY MATERIEL COMMAND
FROM USACDCMR DATED 27 JANUARY 1966)

1. Perform ance Characteristics. The following listed opera-
tional characteristics for collective protection for the M577 Command
Post are considered essential:

a. This system will provide M 577 Comm and Post vehicles

with filtered air under positive pressure to prevent the entrance at
hazard levels of chemical and biological lethal and incapacitating agents
and radioactive particulants. This system will allow performance of
duties (medical aid station) within the vehicle which requires a CBR
hazard free area or are critical duties (com mand and communications)
most effectively performed without the limitations imposed by the

wearing of complete CB individual protection.

b. The interior of the M 577 Command Post vehicle does
sufficient space for full performance of either command nnqt

AT iaL DG LL AWL AMad pPLd aVa sssBasv LAl lll

aid functions, therefore, when stationary, a CB Pressumzed
Protectlve Shelter will be attached to provide CB protection and essential
environmental control for the entire com mand post or aid station effort.
This protection will provide a CBR toxic hazard free area within the

M 577 to allow minimal use while in transit or will allow ready attach-

m ent to the CB Pressurized Protective Shelter without the delay caused
by the need for decontaminating an unprotected M 577 Command Post
vehicle.

c. This protective system will reduce the possibility of
contamination of the interior of the vehicle, thus decreasing or elimina-
ting the requirem ent for decontam ination before attachment and use with
the CB Pressurized Pod.



Downloaded from http://www.everyspec.com

APPENDIX A(2)

d. The system m ust be capable of providing the sam e
degree of respiratory protection as the current standard field protective
mask.

e. The protective system shall be capable of satisfactory
continuous operation under interm ediate operating ranges specified in
AR 705-15, Attachment of the CB Pressurized Protective Shelter will
provide heating or cooling needed for operation under extreme hot or .
cold conditions.

f. The com ponents of the collective protection system
shall withstand the norm al wear and rough handling {imposed upon the
other equipment within the M 577.

g. Operation of the collective protection system shall be
capable of accom plishment by the crew of the M 5717,

2, Physical Characteristics. The following listed physical
characteristics are regarded as essenﬁa)l. Variations and trade-offs
determined by developing agencies to be necessary to produce a feasible
item will be submitted to the user agency who will determine the tactical
acceptability of the proposed item.

a. The collective protection system shall not require an
additional power source and shall be designed for m aximum use of
existing heating and ventilating systems of the M 577.

b. The system shall be designed for installation within
the interior of the vehicle.

c. The inertial dust separator component shall be capable
of ejecting overboard at least 93% of AC spark plug coarse test dust to
minimize buildup on the particulate filter of CB and radioactive parti-
culants.

d. The rated air flow of the collective protector must be
sufficient to develop an effective overpressure within the troop and crew
compartments while the vehicle is either in motion or stationary, provide
adequate ventilation to occupants and equipment, and purge the interior
of the vehicle of airborne toxic gas and aerosol contaminants contained
on or in the clothing of entrants.

e. The collective protector shall be designed to prevent
the accumulation of combustion gases within the troop and crew com-
partments of the M 577 whenever the vehicle motor is in operation.

!
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f. Simple and effective control devices shall be used for
adjustment and control of pressure level within the protected areas.
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indicate a drop below the required overpressurlzatlo
caused by malfunction of com ponents of the system.
rotection svstem shall be of minimum

=y sl ue 2423 «lil

h. T! ep

weight consistent with protective and operational requirements. Cubage
shall not exceed four cubic feet; cubage of two cubic feet is desirable.

i, Storage requirements shall be the same as those

ge r me
requirements of the vehicles in which the collective protection is
installed.

[N

i An adequate air lock entry and exit system will be
required, which, when installed and not in use, shall have a minimum
space requirement and shall not interfere with the operation of the
vehicle upon which it is installed. It shall not present a hindrance to
the rapid loading or unloading of the occupants when the vehicle is
engaged in an attack or withdrawal phase of combat operations.

k. The air-lock entry/exit system shall incorporate the
following features and shall:

(1) Be capable of rapid extension for use when the
vehicle is stopped, and rapid return to mobile (non-use) position.

(2) Not interfere with the opening of the door or ramp
when not extended for use.

(3) Have provision for interior lighting and blackout
operations.

(4) Have an entrance-way which is easily opened and
closed and shall be capable of being readily attached and detached to
the CB Pod developed under the QMR for positive Pressure Collective
Protection for Field Shelters, to the entry/exit system of the M282
Command Post Expansible Van, to each other or to any other collective
protection system developed.

1, Provision of a means of communication to include
transferral of written messages, maps, and overlays, is required. This
may be tied in with the air lock system.
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m. The best currently available toxic chemical agent alarm
>r detection system shall be included with the collective protection system
.0 indicate presence of agent in the vehicle so that necessary protective
measures may be taken by the occupants.

n. Purge time (see para 2e above) of five minutes is
~equired. (Less than one m inute is desirable).

o. The air filtration component of the system must permit
1 48-hour continuing operation cycle. All critical componenis m ust
‘unction properly 0% of the tim e (852% desirable).

3 M aintenance Characteristics. Maintenance of the system
vill be within the perform ance capability of the using units. It will con-
iist primarily of changing of filters and servicing of the moter unit of
he filter. Not more than fifteen minutes downtime should be require
‘or maintenance,

4. Human Engineering Characteristics. The following human
'ngineering characteristics are regarded as essential:

a. Noise level will not interfere with the performance of

:ommunication personnel within the command post nor have any adverse
:ffects upon operational efficiency of personnel in the battalion aid
station.

b. Ventilation of the interior will prevent the buildup of
1eat to an intolerable level when system is used in m oderate climatic
sonditions. When used in extremes of heat and cold, attachment of the
”B Positive Pressure Field Protective Shelter will provide sufficient
1eating or cooling to prevent the buildup of intolerabie stresses while
.he vehicle is stationary and will alleviate heat stresses developed
vhile the vehicle is mobile.

13 Demimmity Aff Chorantarindine

Joe r 1iul LLJ Vi iilalauwiTiliouivo,.
a. Protection from CBR agents afforded to user.
b

Compatibility with functions being per
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d. Provision for adequate protected enclosed area to
allow perform ance of com mand post or battalion aid station functions
through capability of attachm ent to the CB Positive Pressure Protective
Field Shelter, to the M292 Command Post Van, in lieu of use of the tent
extension.

e. Prevention of heat stress through ventilation or attach-
ment of CB Positive Pressure Protective Field Shelter.
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Technical Characteristics—Collective Protection
for Carrier, Command Post, Light Tracked M577

1 General: The M577 Command Post Carrier is a light weight,
lightly arm ored, self-propelled, tracked vehicle. The enclosed space
to be provided with collective protection has approximately 60 square
feet of floor space resem bling the size and shape, and using the chass

of the M113A1 Armored Personnel Carrier. This mobile command

post vehicle, which provides armor-protected mobility for field com-
manders, may also be used as a fire direction center. Category A
collective protection will be provided for this vehicle when used in the
Com mand Post and Fire Direction Center roles to permit the continuance
of tactical operations within the vehicle without the use of individual
srotective equipmen: :n a CB environment. The allocation will be one
collective protective system for each M 577 vehicle assigned for Command
Post or Fire Direction Center usage

2. Com ponents: The major components of the collective pro-
tection system for the M 577 Command Post Carrier shall be a gas-
particulate filter unit assem bly (including an inertial dust separator,
air flow-pressure control system, and control panel), protective entrance
{air lock), modification kit, installation kit, and tool and repair Kit.

3. Design Requirem ents:

a. Compatibility: The collective protection sy

oe designed to be compatible with the vehi‘ié’s ventilating an
e i
L

ifications shall be non- comple and of the
hed in the field.
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c. Design Com plexity: The collective protection system
shall be non-com plex in design to facilitate installation, maintenance,
and repair. The collective protection system shall be compact and of
m inimum weight and bulk consistent with protective and operational
requirements.




Downloaded from http://www.everyspec.com

APPENDIX A(7)

d. Protection: The collective protection system shall be
capable of providing the same degree of respiratory protection as the
current standard field protective m ask.

e. Noise and Vibration: The collective protection system
shall produce a minimum of noise and vibration and shall be free from
acoustically objectionable frequencies. The noise of the filter unit
anceonrmhly ahlhall nAat avrood the lavele

assembly shall not exceed the levels specified in Table 3 or 4 of HEL

Standard S-1-63B, dated June 1965,

f. Vibration, Shock, Hum idity, Barometric Pressure:
(1) Non-Operating Conditions:
(1) )jo] g
(a) Vibration—The collective protection equip-

ment shall withstand vibration when tested in Level A packaging as
specified by MIL-STD-810A (USAF), dated 23 June 1964, Method 514.1,
Tabie $14-1, under Eguipment Class §, Shipment by Common Carrier,
with the following exception: There shall be a continuous frequency sweep
during vibration without resonance dwell.

(b) Shock-Transportation Shock—The collective
protection equipment shall withstand shock when tested in Level A
packaging as specified in MIL-STD-810A, Method 516.1, Procedure III.

(c)  Hum idity— Exposure of the collective pro-
tection equipm ent to hum idity, as prescribed in MIL-STD-810A,
Method 507.1, Procedure 1, shall not produce a major deterioration
in overall performance.

(2) Operating Conditions:

(a) Vibration—The performance or tne collective
protection equipment shall not be appreciably affected when vibrated in
accordance with MIL-STD-810A, Method 5i4.1, Table 514-1, under
Equipment Class 5, Ground Vehicles, Curve B, with the following
exception: There shall be a continuous frequency sweep during vibration
without resonance dwell,

(b) Shock— The collective protection equipment
shall withstand shock as prescribed in M IL-STD-810A, Method 516.1,
Procedure 1, without adversely affecting performance.
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(c) Humidity— The collective protection equip-
D ———— . - . . =
ment shall operate satisfactorily when subjected to 100% humidity at
85CF for a period of 2 hours.

(d) Barometric Pressure—The collective
protection equipment shall operate satisfactorily when tested at an
equivalent altitude of 10,000 feet (20. 58 in hg) as specified in MIL-
STD-810A, Method 500.1, Procedure [.

g. Operating Tem peratures: The collective protection
equipment shall be capable of operating for a period of 4 hours in
ambient temperatures as specified in MIL-STD-810A, Methods 501. 1
and 502. 1. It shall be capable of safe storage as specified in MIL-
STD 810A, Methods 501.1 and 502.1. Tem perature tolerances of

OF are acceptable.

h. Rain, Snow, Wind: The collective protection equipment
shall withstand rain, snow, and wind conditions as specified in AR 705-15,
Change 1, daled 14 October 1963, Paragraph 7c, Intermediate Climatic
Conditions

na 1 L ur
maintaining a 1 el of mect ve pressure wmch Dreclude= the infiltration
of atmosohemc contam inants during operation of the protective system..

. Filter Unit Capacity: The gas-particulate filter unit
shall be capable of supplying sufficient purified air to satisfy the crew
compartm ent leakage at a pressure level consistent with adequate pro-
tection, or to meet the ventilation requirem ents, whichever is greater.
In addition, the air flow capacity of the filter unit shall be sufficient to
provide purified air for both pressurization and scavenging of the pro-
tective entrance,

k. Maintenance: The gas-particulate filter unit design shall
be such that m aintenance and filter replacement can be readily accomplished
without special tools in a reasonable period of tim e by inexperienced
personnel with minimum instruction.

PR

air flow. Provisions s
separated dust outside the protected area (overbo

- ————  ——— o ———— e,
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tor-blower Qutput: The motor-blower output

must be capable of producing controlled air flows within the desired
operating range without significant pressure loss due to a ''saddle of
stall' condition. After 44 hours of continuous operation at rated air

flow in an atm osphere containing 0.1 gram per cubic foot of Silica flour,

as set forth in MIL-STD-810A, Method 510. 1, the motor-blower shall
meet performance requirem ents with the exception that the rated air

flow may decrease by 10 percent. Since the gas-particulate filter unit
is ingtalled inside the vnh'nr\]p the motor-blower will be downstream

vaAT ¥V Cisavan ii sdswunsa

or the gas and particulate ﬁlters. In this case, the dust erosion require-
ment does not apply to the filter unit motor-blower. However, this

requirement does apply to the motor-blower component of the inertial
dust separator

L ael f'e]
Add . VAN

n. Particulate Filter: The particulate filter shall be

constructed in accordance with MIL-F-51068, dated 30 October 1964,
using filter m edia in accordance with MIL-F-51079, dated 10 Qpnfpmhpr

—oai g “LalLTU AV QD0 Ll

1963. It shall be capable of removing a minim um of 99. 87 percent of
the standard 0.3 micron DOP test aerosol at its rated flow capacity
when tested in accordance with MIL-STD-282, dates 28 May 1856.

o. Gas Filter: The gas filter media shall be ASC W hetlerite

charcoal in accordance with MIL-C-13724A, dated 4 May 1960, and

shall be capable of providing complete protection against all gaseous

toxic warfare agents., W hen the gas filter, with incorporated charcoal
meeting the above-mentioned military specification, is tested at rated

flow and in accordance with MIL-STD-282 against a phosgene concen-
tration of 10 milligram s per liter, the life shall not be less than 20
minutes.

P Protective Entrance: The protective entrance (air
lock) shall be collapsible, readily stowed, and capable of quick and easy
attachm ent to, or detachment from, the vehicle. W hen stowed, the
protective entrance shall not interfere with the normal use of either
the ramp or the personnel entry door within the ramp. Provision shall
be provided for interior lighting and blackout operation. Provisions
shall be provided for interconnection with the CB Pressurized Pod.
Butyl-coated nylon or similar toxic agent resistant material shall be
used together with appropriate metal frame supports. The protective
entrance shall be designed for protective operation in wind speeds up
to 22 knots (essential) and shall have structural strength to withstand
winds of 45 knots for a 5 minute period with gusts to 65 knots with tie-
downs (desirable). Possible interference by the wearing of combat
equipm ent and arctic winter clothing must be considered in the design
of the protective entry system. A means of transferral of written

—
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messages, maps and overlays through the protective entrance into
the protected area will be provided.

q. Contro! Panel): The control panel shall be designed
for sim plicity of operation and shall have a display or layout that will
provide the operator with complete information as required for the
operation of the collective protection system. It shall be designed in
accordance with HEL Standard S—2-64 dated May 1964. The control

(2)  Push button for testing operation of indicator
lights.

(3) Push button for shutting off audible alarm.

(4)] Necessary ''on' and "off'-switches.

(3) Necessary relays, circuit breakers, and/or
fuses

(6) Timer for recording motor-blower operation.

r. Installation Kit: This kit shall consist of equipment

required to install and connect the prime collective protection system

components, such as hoses, electrical cables, etc. it
compatible with the vehicle after necessary modifications have been
made.

5. M odification Kit: This kit shall consist of equipment
and materials {(including leakage reduction materials and methods), plus
instructions, for modifying the vehicle to make it compatible with the
collective protection equipm ent. Once installed, this kit shall become
an integral part of the vehicle

1. obile Protection: The gas-particulate filter unit shall

be designed to be capable of operation while the vehicle is in motion, so
as to prevent the infiltration of gas and aerosol contaminants into the
crew compartment while the vehicle is traveling through CB contaminated
areas.
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u. Power Supply: The collective protection equipment
shall be powered by the vehicle's engine or by the auxiliary power unit
(d-c energy) mounted on the vehicle. No additional power supply unit
shall be required.

v. Purge Time: Purge time is defined as that period of
time required to reduce the airborne contaminant level by a factor of
3 logs (i.e., initial concentration at time zero-100, conceniration at
specified time level—0.1%), with no additional input of contamination

into the volum e being purged, during the test period. On ithis basis,
purge tim e for the crew com partm eént and eniry system are

(1) Crew Compartment— The purge time shall be
such that a 3-log reduction in contam ination level can be effected in 2
norind Af 28 vy inntoe (becontinl) 10 minntec (Aecirahle)
’J\VA ANSNS N A - A4} ALAML L O VO OoOLwlivaRR Ly, LI 4 dR1AANA N W A v WAL B8 L/AN 7

(2) Protective Entrance— The purge time shall be
such that a 3-log reduction in contam ination level can be effected in a
period of 5 m inutes (essential), 3 minutes (de51rable)

w, Compatibility with CB Pressurized Pod: The collective

protection system for the M577 Comm and Post Carrier shall be so
designed so that by appropriate interconnection with the C-B Pressurized
Pod, the protected areas of both the vehicle and the pod can be utilized
in carrying out the com m and post function of the vehicle in an integrated
CB protected area com plete with entry system.

X. Detection System: The best currently available toxic
chemical agent alarm or detection shall be included in the collective
protection system.

A Y o SR S S IR [ Y UL RGN o I VIR UL .
“4 uperauundx Adlll IVIAllelldNCe LUlildIdClElIdbLICD
a. Mission Time: The mission time is 48 hours.
h oliahilityv: Raaed nn a8 48 hnur micscinn time the
b, Reliability: Based on a 48 hour mission time, the
overall relm-zhty of the collective protection system shall be at least
0. 90 (essential), 0.92 (desirable).
c. Durability: The durability of the collective protection
b ) I

equipment shall permit 500 hours of operation (essential), 1000 hours
(desirable), without requiring other than organizational maintenance.
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d. Planned Deployment: See Paragraph 1.

e. Reaction Time: Once the M577 Command Post Carrier
has been initially adapted for collective protection, the time required for
making the collective protection system fully operational shall not exceed
5 minutes from the tim e the vehicle is halted in the selected area.

f. Environment: The collective protection system shall
be capable of satisfactory continuous operation under intermediate
operating ranges as specified in AR 705-15, Change 1, dated 14 October
1963. Attachment of the CB Pressurized Pod will provide heating or
cooling needed for operation under extreme cold or hot conditions.

g. Utilization: The CB protected M577 Com mand Post
Carrier will be utilized on a continuous basis in those areas in which
CB operations are occurring or imm inent.

h. M ean Down Time: Maximum interchangeability of
parts, tools, and test equipment with other U.S. Army Systems is
essential. Interchangeability of modules is desirable. Higher main-
tenance echelons will have maintenance float for immediate issue to
replace defective equipm ent to minim ize down time. Down time for
changing filters will be 15 minutes or less.

i. Reliability After Storage: There must be no degradation
in equipment performance after limited storage, performance of 1lst
and 2nd echelon maintenance, or after a period of storage or decontam-
ination to a degree which will perm it occupancy without the use of the
field protective mask. Replacement of modules will eliminate fault
isolation by user. Checkout procedures for maintenance personnel
will be covered in appropriate maintenance docum entation for the various
modules and com ponents of the collective protection system.

J- M aintenance Personnel: There are no requirements
for new skills since 1st echelon m aintenance will consist of pre-operational
check, care and cleaning, to include decontamination when necessary,
repair of rips and tears in the protective entrance with a field repair
kit, and prescribed lst echelon maintenance of the filter units. This
m aintenance should be performed by maintenance personnel available
to the unit.

5. Hum an Factors Engineering Characteristics: Possible
interference by the wearing of com bat equipment must be considered in
the design of the protective entrance system (see Paragraph 3p).

T e il e e—— At~
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Interior temperatures and humidities must be maintained within lim its
to provide reasonable working conditions for human occupants.
6. Priority of Characteristics
a Perform ance
b. Reliability
c. W eight and Size (Transportability)
d. Simplicity of Operation and Training
e. M aintenance
f. Environmental Requirements
7. Quantitative and Qualitative Personnel Considerations: The

installation and use of the collective protection system shall not present
any undue problems in training of personnel nor shall it require additional
personnel in the using unit. No new M OS or special skills will be
required.

I >1 with sufficient know-
install and operate the collective protection system under day

1
ight conditions while wearing full individual protection gear, and/or

<
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APPENDIX B
T CALCULATION AND TRADE-OFF PROCEDURES

——-——_—_—_—W—_——‘f_————.
CONTROL UNITS FOR AN ELECTRONIC EQUIPMENT VAN

(Reproduced from "CB Protection for Tactical Air Control Systems''
' Draft Report for JTCG/TACS, June 1969)

1. Selection of Shelter and Ground Support Eq juipment for Trade-
off Study:
This study utilized a typical 21/2 ton electromc shelter with

1 eguipment load of 5. 0 kw with current ''state of the art"

! , air conditioning and electric generator equipment.
CB filter equipment, the E- 52 Gas-Particulate Filter
ign apacrty of 400 cfm (200 cfm for shelter—200 cfm for entry
stem) and performance characteristics appear to be optimum. Other
flher units used in the analysis are based on this basic design with ©
estim ates of weight, power, cubage and cost presently availabie. ‘;31
system weight, cubage and cost figures are based on currently avai
designs. The air conditioning equipm ent cmtema is based on the com-
pact series of vertical air conditioners developed by the

Generator data is based on presently available stand
powered generators.
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2. Design Conditions and Cooling load for Typical Shelter
w /5.0 kw Electromic Equipmeént 1oad
a. Design Conditions:
(1) Outside: 360 BTU/hr/sq ft, solar heat 1050F
DB with an eguivalent 850 F saturated moisture contem—-—QIUFET

(2) 1Inside: B85°FET required (95°F DB, 79°F W B).

E. Cooling Ioad Sensible Heat
Transm ission and solar heat gain 3770 BTU /hr
Personnel and m ake-up air 2280 BTU/hr
Electric load 5.0 kw 17075 BTU /hr
Collective Protector (2.5 kw) 8538 BTU /hr

w
%
=



Downloaded from http://www.everyspec.com

APPENDIX B(2)

Latent Heat:

Personnel and make-up air 4630 BTU/hr
Total (Latent and Sensible) 36,283 BTU/hr
(Approxim ate load—3.0 tons

of air conditioning)

3. Ground Support Equipm ent Options and Trade-offs in
W eight, Power and Cubage
In m eeting the CB protection and environmental require-
ments several possibilities exist in term s of optional approaches
deserving consideration in assessing what is to be the optimum approach.
Table Il gives comparative values for six possible optional ground
support equipment com binations., Where snec1f1c data was not available

in CB filters not yet developed with respect to weight, power and
~ubage. data and criteria have been estimated. These estimates are
felt to be sufficiently accurate for this comparative evaluation although

a more detailed study in depth of the specific designs may produce

some changes in the values indicated. CB detection equipment was not
included since the added weight, cubage and power are minor as com-
pared to the listed CB protective items. A narrative description of
each of the options is provided 1n Table 1.

ST A
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TABLE 1
EQUIPM ENT OPTIONS

APPROACH

Single CB Filter Unit (400 cfm) with air conditioning pro-
vided for personnel and equipment sections from a single
air conditioner (3 ton)

Single CB Filter Unit (400 cfm) with single air conditioner
(1 1/2 ton) of reduced capacity principally for personnel
section. Ambient air cooling of electronic equipment with
non-filtered air at higher temperature

Single CB Filter Unit (40C cfrn) with one 2ir conditioner
(1 1/2 ton) principally for personnel section. At higher
temnperatures, an additional 1 1/2 ton air conditioner
would be provided

Singie CB Filter Unit {1000 cfm) to service eguipment 1d
personnel sections through all temperature ranges. 1 1/2
ton air conditioner for personnel section

Single CB Filter Unit (400 cfm) and 1 1/2 ton air conditioner
for personnel section. A 800 cfm CR Filter Unit would be
added to provide filtered air equipment cooling at high
temperatures '

Single CB Filter Unit (400 cfm) and 1 1/2 ton air conditioner
for personnel section, A 600 cfm CB Filter of reduced

capacity would be added for equipment protection at high
tern peratures

TP A
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TABLE 2

UND SUPPORT EQUIPM ENT OPTIONS FOR TYPICAL SHELTER;

OPTIONS #1 AND # 2

OPTION 1

3 Ton Air Conditioner (1)
W eight - 390, 380 lbs. *
Cubage - 17.2 cu ft
Power - 9.5, 11 kw*

Gas- Particulate Filter Unit,
400 cfm

W eight - 250 lbs

Cubage - 11.1 cu

Power - {

[\~
on

ANA YY_ -

PR T |
4UU iz power)

Aswm T Arl

el puv W LY N

Weight - 70 lbs (est)
Cubage - 13 cu ft (est)

Electronic Equipment
Power Required - 5.0 kw

Total System-Power Required
18.5 kw

Electric Power Generators
Required )
2 ea M odel SF-10, 0/SIED

W eight of 2 Items - 1700 Ibs
Cubage of 2 Items - 58.2 cu ft

Totals:
W eight - 2
Cubage -~ 5.5 cu it

Power - 18.5 kw (400 Hz)

48

[aYa N ) P
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OPTION 2

1 1/2 Ton Air Conditioner (1)
W eight - 210, 200 Ibs* ’
Cubage - 8.5 cu ft

Power - 5.4-6.35%

N . o == TV e
oDAINle ap 1icil

Same as Item 3, Option 1

Sam e as Item 4, Option 1

Total System Power - 13.9 kw

Electric Power Generators
Required

1 ea Model SF-10. 0/SIED

i ea Model SF-5.0/SIED
Weight of 2 Items - 1338 lbs
Cubage of 2 Items - 45.4 cu ft
Totals:

Weight - 1878 1bg

Cubage - 78,0 cu ft
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TARBLE 2

PPORT EQUIPMENT OPTIONS FOR TYPICAL SHELTER;

OPTIONS #1 and #2

OPTION 1 OPTION 2
Remarks: Remarks:
a. Environmental a. Environmental
W ill meet interm ediate, W ill meet same
hot-dry, warm, wet requirements of requirements as Option 1.
AR 705-15. Utilizes equipment heat Non CB filtered ambient
for personnel in cold environment. air cooling of eguipment
above 74°F ET.
b. CB Protection b. CB Protecticon
Positive pressure protec- Positive pressure
tion for personnel and equipment under protection for persen
all conditions of operation with pro- all conditions and for equi
sctive entry capability. ment up to 74°F ET above which

protection for equipment can

only be provided by adding

filtered air or air conditioning

capacity.

* 1st value for 60 Hz version; second for 400 Hz version
* Totals based on 400 Hz powered equipment
NOTE: Data for CB filters do not include flexible ducts

- & --
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TABLE 2

GROUND SUPPORT EQUIPMENT OPTIONS FOR TYPICAL SHELTER;

¥

OPTIONS #3 AND #4

OPTION 3

]

1 1/2 Ton Air Conditioner (2)*
(Add-on air conditioner ior
7q 1pmern cooung 81 rugn l fﬁp
erature)

X! Al mbd /DY _ ANN Tk

AAl Clsllb\‘:l = MUV LUD

C ik aeanlD92Y _ 17 D Ay 64+
\JUUQE“—\UI A4 1 . WV v AL
Power(2) - 12,7 kw

Gas-Particulate Filter Unit
(400 cfmJ = T
W eight - 250 1bs

Cubage - 11.1 cu ft

Power - 2.5 kw (400 Hz)

Weight - 70 lbs (est)
Cul 3.0 cu ft {est)

.lectronic r..quxpmem

ower Required - 5.0 kw

’U )

otal System Power Required
2 kw

aw vy

N
O H

v

Electric Power Generators
Required

2 ea model SF-10, 0/SIED

W eight of 2 items - 1700 lbs
Cubage of 2 items - 58.2 cu ft

Totals**

W eight - 2460
Cubage - 94. 8 cu ft
Power - 20.2 kw

ey

NS

OPTION 4

T
[y
~
-]
0
3
o3
>
o)
O
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-
d
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o
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*

Gas~-Particulate Filter Unit
(1000 cfm)=*

W eight - 600 1lb (est)
Cubage - 19.5 cu ft (est)
Power - 6.3 kw (est)
(Filtered air provided for
personnel, equipment and
air lock)

Air lock
Sam e as item 3, option #3

Trmner n ....... I- O lea..
rower quu UU - J UV KW
Total System Power Required
17. 6 kw

Electric Power Generators

Same as item 6, option #3

Totals **

W eight - 2590 lbs
Cubage - 99,2 cu ft
Power - 17.6 kw

N
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TABLE 2

PTIONS #3 AND #4

APPENDIX B(T)

T EQ MENT OPTIONS FOR TYPICAL SHELTER;

OPTION 3 OPTION 4
Remarks: Remarks:
a. Environmental a, Same as option #3

W ill meet interm ediate,
hot-dry, warm-wet requirem ent of AR
705-15. Utilizes equipment heat for
personnel in cold environment.

b. CB Protection
Positive pressure collective

proteciaon dor pt.‘bul‘.h(.l and cguaipmant

A_\L---

under all conditions with proieciive
entry capability.

* 400 Hz powered equipment
= Totals based on 400 Hz powered equipment
NOTE: Data for CB filters do not include flexible ducts

o
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Gas-Particulate Filter Unit,

400 cfm*

W eight - 250 lbs

Cubage - 11,1 cu ft
Power - 2.5 kw

Gas-Particulate Filter Unit,

600 cfm=*

W eight - 358 lbs (est)

Cubage - 16. 6 cu ft {est)

¢ ¢ gy Oy
vy cxgut - 70 1bs {est}
Cubage - 13.0 cu ft (est)

Total System - Power Required:

16. 8 kw

Electric Power Generators
Required

2 ea M odel SF-10. 0/SIED

W eight of 2 items - 1700 lbs
Cubage of 2 items - 58,2 cu ft

(5
.

w

Gas-Particulate Filter Unit,
400 cfm*

Weight - 250 lbs

Cubage - 11.1 cu ft

Power - 2.5 kw

Gas-Particulate Filter Unit,
600 cfm* (reduced life filter)

[altS Y-, P Q
Cubage - 8 cu ft (es
Power - 1 kw (est)

Electronic Equipment
Power Required - 5.0 kw

Total System - Power Required:

14. 6 kw

Electric Power Generators
Required

T ea M odel SF-10, 0/SIED
1 ea M odel SF-5, 0/SIED
W eight of Z items - 1338
Cubage of Z items - 45.

8 1Ibs
4 cufi
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TABLE 2
GROUND SUPPORT EQUIPMENT OPTION
OPTIONS #5 AND
< OPTION §
7. Totals** 1.

Weight - 2598 lbs
Cubage - 84. 4 cu ft

Power - 17, 6 kw

Remarks:
a. Environmental
W ill m eet intermediate,
hot-dry, warm-wet requirem ents of
AR 705-15. Utilizes equipment heat
for personnel in cold environment.

*
* %

400 Hz powered equipm ent

APPENDIX B(9)

OPTION 6

Totals**

Weight - 2058 lbs
Cubage - 73.0 cu ft
Power -~ 14.8 kw

£ 3

I
<

b. CB Protection

Positive pressure pro-
tection for personnel under all
conditions and for equipment up
to 74°F ET, above which the
add-on reduced capacity filter
provides protection for

equipm ent.

Totals based on 400 Hz powered eguipmen
NOTE: Data for CB filters do not include
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APPENDIX B(10)

1
rovides full protection and environmental control
ures but does not allow flexibility in being able to delete the
ton air conditioning capacity provided for operation of the electronic
:quipment section at the upper tem perature levels. Option #3 provides
his capability at a slight increase in weight power and cubage. Option
4 provides an integrated CB filter unit for both personnel and equipment
.ections in all operating environments but has the disadvantage that there
s no capability for deletion of the added filtered air capacity for the
‘quipment section when not required. It does offer an advantage of reduced
ower as compared to options #1 and #3. Option #5, provides two separate
'B filters. The CB filter for the equipment air can be deleted when not
‘equired. Power required in this option is less than in options #1, #3,

nd #4. Option #6 is similar to option #5 except that the additional CB
ilter unit for the equipment in the upper temperature range is of reduced
apacity. On the basis of weight, power and cubage, option #6 compares

avorably with option #2.

Pending the accomplishm ent of a study to define the hazard of anti-
nateriel agents to electronic equinment when oneratineg on non-filtered
T € lagents 10 ele 11C equ operating on non-illtere

a o} c 1pr
ir, options #3 and #5 prov1de flexibility in adjusting the logistical load
‘hile meeting the protection and environmental requirements. Option #5
ppears slightly advantageous in that the power requirements are lower

nd there is a capability for sustaining the CB protection despite mechanical
nalfunction in either of the two filter units. If the study indicates a
‘educed level of protection in the equipm ent section as acceptable, then
vption #6 should be considered. Should the study indicate the hazard

'f equipment malfunction to be negligible then option #2 would represent
he best approach.
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APPENDIX C
EXAM PLE OF ENTRY/EXIT PROCEDURES FOR
CB SHELTERS

CB OPERATING PROCEDURES
FOR COLLECTIVE PROTECTED M577
COMMAND POST CARRIER, M292 EXPANSIBLE
VAN TRUCK AND SHELTER SYSTEM
XM51 (CB PRESSURIZED POD)

(Source: Attachment to RFQ, DAAA15-69-R-0834
from Edgewood Arsenal, 11 July 1969)
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NDIX C

CB OPERATING PROCEDURES FOR COLLECTIVE PROTECTED M577
COMMAND POST CARRIER, M292 EXPANSIBLE VAN TRUCK AND
SHELTER SYSTEM XM51 (CB PRESSURIZED POD)

1. Introduction:
A, Purpose: The procedures described herein provide recommended

actions for the safe use of collective protection shelters. Specifically
these procedures address the type of problems and decisions faced by
a unit com mander in establishing specific operating procedures for
shelter svstems under his command. Intelligent application of those
guidelines will perm it the maximum utilization of these facilities with
the least risk of contamination and the minimal interference with the
tactical operations.

B. General:

The actions required for the safe use of collective protection
shelters are basicallv commensurate with the degree of hazard from toxic
agents which exists or is believed to exist. Thus, where the shelter 1s
in an uncontaminated area and using personnel are also uncontaminated,
entry into the shelter is essentially unrestricted. Conversely, where
the shelter is in a contaminated area and personnel are heavily con-
taminated, entry procedures induce the greatest interference with tactical
operations. In every case, it is the duty of the unit commander to
assess the hazard, utilizing the m eans normally available to include
intelligence information, alarms, detection kits, etc., and select the
operating procedures which are consistent with the contamination
conditions involved yet minimize the interference with the carrying out
ot the tactical mission.

An integrated use of individual and collective protection
equipm ent is prescribed to optimize the overall protection afforded
to personnel entering or leaving and within the CB protective shelter.
The equipm ent utilized is as follows:

Individual Collective Protection Shelter
a. M17 M ask-Hood Combination a. Positive Pressure Collective
or equivalent plus carrier and M1 Protection System. Collective
Waterproof Bag (TM 3-4240-202-15) Protection Equipment, CBR;

M577 Command Post Carrier,
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APPENDIX C(2)
Individual Collective Protection Shelter
o, Protective outer garment Ei3 (M P 3-4240-261-12);
and protective gloves, as issued. Collective Protection Equipment,
CBR; Expansible Van Truck,
c. Paper, Chemical Agent XM14 (M P 3-4240-280-12),
Detector, VGCH, ABC M8 Shelter System, Collective
(TM 3-6665-254-12), Protection, Chemical-Biological
XM51 (POMM 3-4240-264-12),
d. Decontamination and Reim preg-
nating Kit, Individual, M 13 b. Automatic Agent Alarm
(TB 3-4230-207-10). (pending availability, use Detector

Kit, Chemical Agent ABC - M18
A2 (TM 3-6665-254-12),

c. Boot covers (provided with .
collective protection equipment)

The M 8 Detector Paper is used for detecting liquid contamination
on nonadsorbent surfaces. The alarm or detector kit is used for
detectmg azrborne contarn ination inside or outside the shelter. The
to confine vapors generated from the shoes of

¢ 3

o 1
con51st of the m inimum effort necessary for t 8
entering the shelters and permits entry without hazard to those already
in the shelter.

II. Operating Procedures:

In Table A a two letter contamination code is established based
upon the following:

a. First letter - condition of atmosphere around the shelter
either contaminated (C) or uncontaminated (U).

b. Second letter - suspected or determined contamination of

Table B indicates the specific operating procedures applicable
ior cach sct of conditions

Vs 1L\\ ¥’a ¥ y 2 ¥y rs N7 7z 7 W W v L w

Nigaat
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Upon initiation of & collective protection shelter, a contamination
code is first selected from Table A, then the applicable operating pro-
cedures listed in Table B are followed.

TABLE A
Determination of Contamination Code

| SR I
! o Conditions of Arriving Personnel
| 2971 {(Znd ietier)

» o 2 -

EL o C U

-
| Z8%|cC cc cu

c " - I —_ |
1{ S v J UC 15 vuU "

C - contaminated

U - uncontaminat

OPERATING PROC
FOUND IN TABLE
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TABLE B
Selection of Operational Procedures
- !
Operating B omiiiot A mesoze ] Contamination Codel{ :[
Procedure # pEHRAeEE anuvity= CCor CU UC vuus/
1 Area preparation X
2 Entrv nrocedure x x
Entry procedu
3 Shelter activities X X
4 Exit procedures X
5 Message transfer X X
6 Emergency entry X X
7 Litter en‘\r;,',e‘cit_g./ X X
’
NOTES
i. W hen an operating procedure 1s not checked for a contamination
code it is not applicable for that code.
2. No special actions are required under the UU contamination code.
3. Litter entry/exit procedure is prescribed for use only with
the X MS! Shelter System
DETAILED OPERATING PROCEDURES FOR
ENTRY/EXIT OF PERSONNEL AND TRANSFER
OF M ESSAGES FOR CB PROTECTED SHELTER
Operating Procedure No. 1
Contam ination Around Shelter
Preparation of Clean Area Adjacent to Protective Entrance
f area has been subjected to a chemical agent spray attack as determined
1sually and/or by the use of ABC M8 Detector Paper (TM 6665-254-12)
verform the following steps:
!

L. Yo Nalalladad Fay 4 NODRIY K . T We L MII PBDLUTLANELAD & smaondd onsa S ST T IYIEe MHATRITrYIATS O OTYTTYT B
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a. Clear up area around protective entrance by turning over soil
(removing snow). adding layer of clean soil or sand, and/or using Decon-
tamination Agent, STB, if available (TM 3-220). If possible, provide a
protective cover with adeguate ventilation underneath (poncho, held up-
rigint on stakes, tent, etc. ) where protective overgarments, etc. are to
be stowed.

b. Decontaminate door handles, pull tabs (if present), and area
adjacent to protective entrance door opening(s). Use the large bag from
the M13 Decontaminating and Reim pregnating Kit (TB 3-4230-207-10),
or any rags.

Operating Procedure No. 2
Contamination on Personnel Arriving at Shelter

_Entry Procedure:

a. Stow combat pack, mask carrier, and load carrying equipment
(belts, straps, slings, etc.) in a clean area near, but not in path of,
entrance door.

b. Rem ove the M13 decontaminating and reimpregnating kit
from the carrier.

c. Determ ine presence of nqum agem on individua
protective outer garments, mitiens {gloves) '
AW el 1. A

Hn

boois by use of large bag from M13 kit or
v1sua1 CDECK.

o

vt e

oo g
¥ < a
.
T
O

Tt
fo
*y

o
o

T
Q
3

NOTE: W hen airborne ¢ contamination is presen

(R0 S S e e L L

1
i should be accomnplished as quickly as po si ble to redu.ce to

-
»
»”
(
:
¢
[
1
1
I
|
i
1
<,

garment, fold so as not to contaminate or
of the garment, (if reuse is anticipated)
r

NOTE: Under arctic environment: Remove parka hood, if contaminated

and stow with outer garment. Handle weapon according to local standard
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rocedure, (SOP). If weapon is to be carried into shelter it
! econtam inated with the ‘\113 kit, if not previously done.
f weapon is to be left outside, decontamination is not required.

1. Obtain two boot covers and rubber bands (or string) from
designated storage space.

- Place boot covers over boots and secure with rubber bands
(or string).

h. Remove Ml or M1E]l W aterproofing Bag (TM 3-4240-202-15)
from m ask carrier and rem ove small pad from MI13 kit and place in
waterproofing bag.

i. Rem ove outer mittens and/or protective gloves from hands
and place with pack, carrier, etc.

(2) 4 minutes for two to eight persons (applicable only to
XM51 Shelter System).

1. Rem ove hood straps from around arms and reattach to mating
fasteners. Insert hands under back of hood and pull it forwarc over head
leaving hood suspended from front of mask. Remove mask-hood assembly.
Shake or wipc moisture or front accumulation from inside of hood. Gather the
inside-out hood to one side of facepiece.

m ., Plece mask-hood assembly in Il bag.

n. Decontaminate hands using small skin decontamination pad.
Replace in M1 bag. Fold bag over to prevent egress of vapor.

o. Enter shelter, carrying weapon (if required by local SOP}
and M1 bag.
N\ e/ L A d A W LLII WOaAL"™I P oy JIVN 1 TP 'YW WIRoT™o Lol oW =) P Y. N L Y. ey S S

P TR L 1

"
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APPENDIX C(7)

Operating Procedure No. 3
Shelter Activitieﬁg

1, Periodically, after entry, check atmosphere in shelter for
possible contam ination using automatic alarm if available, otherwise
use M18A1 Chem ical Detector Kit, or other available chemical detector
kit.

2. Don mask, if contamination is found, and wear until subsequent
tests indicate a clean atmosphere.

~~_ Al = Y™ 3. WnY _ A
uper Ilng rroceaure INO. 4
T2 TN oo
X1l rroceqgure
1. Don mask-hood assem bly after entering protective entrznce if
an airborne contam inant is present or suspected around the shelter
2, Rem ove and discard boot covers outside the protective entrance
3. Replace or redon overgarment, gloves, and other individual
item s of issue if required, in accordance with procedures prescribed
for these item s
Operating Procedure No. 5
Transfer of M essages, Maps, Overlays, etc.
1. W hile enroute, keep messages, maps, etc., under cover, such as

pocket in uniform, protective mask carrier (M1 waterproofing bag),
or other field expedient.

2, Upon arrival, open outer door of protective entrance, remove
message from protective cover, reach inside the entrance without
entering and place the message in a wall pocket. Close door.

NOTE: In the case of the XM51 Shelter System, the procedure is the

same except that in step Z above, the message is passed into the shelter
through the ''message pass through'' port rather than through the protective
entrance and step 4 below should be omitted.
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APPENDIX C(8)
3. Notifv personnel within of the delivery of message by telephone,
knocking on shelter wall, or direct voice communication.
4. Individual from shelter opens inner protective entrance door

and picks up message.

Operating Procedure No. 6
Emergency Entry Procedure - W hen Authorized by Unit SOP

In an extreme tactical em ergency where entry m ust be made during

12 L

an attack with chemcal agents, the following procedure should be used:

a. Leave pack, mask carrier, etc. outside

b. Obtain two boot covers and rubber bands (or string)

c. Enter airlock and notify occupants of shelter to don masks.

d. Proceed into shelter,

e. Set collective protection system to provide maximum filtered
airflow through shelter.

f. W hen tactical situation perm its, check for liquid agent con-
tamination on clothing and equipment using M8 agent detecter paper
and/or large bag from M13 decontam inating kit

g. Decontaminate weapon, hood, and boots if contam ination 1s
found on them.

h. Discard contam inated protective outer garments outside of
shelter and protective entrance,

1. Don boot covers.

J Remain masked until the shelter atmosphere is indicated
safe by the autom atic alarm and/or tests with the M18A1 detecter Kkit.

k. W hen tactical situation perm its, check and decontaminate any

oints in th

in the shelter contacted or contam inated by the individual entering,
when following emergency entry procedures.

‘-

-
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Operating Procedure No. 7
Litter Entry/Exit, Shelter System XM51

1. Entering Shelter. The following entry procedures should be
followed when in CB env1ronmem contamination codes CC CU or UC.
N

in anecial o
INO special p

NOTE: Litter patients are covered with a poncho when picked-up and
arrive at Battalion Aid Statior. in that manner.

a, Prior to entry into airlock, the CBR sentinel will notify
m edical attendants in shelter of arrival of litter patient. Attendants
will place a clean litter in the airlock and return to the shelter. CBR
sentinel will inform litter bearers to procede with entry. Litter bearers
will don boot covers (secure with rubber bands) and carry litter patient
into airlock.

b. W hile in airlock, litter bearers will:
(1) Remove poncho and overgarments from patiert.

(2) Check patient for contamination and decontaminate patient
as necessary using M13 kit.

{3) Transfer patient to clean litter.
c.] Litter bearers will exit airlock with contam inated litter and

patient's poncho and overgarments, leave overgarments and poncho out-
side airlock and remove boot covers.

d. W hen red "DO NOT ENTER W HEN ON'"' light goes off
medical attendants in shelter will check airlock to see if it is clear of
litter bearers and contaminated clothing, and if sc, enter airlock and

carry clean litter with patient into shelter and remove patient’'s mask.

2. Exiting Shelter. The following exit procedure should be followed
when in CB environment.

a. Replace patient's mask. Attendants carry patient into air-
lock and return to shelter. '

b. Occupants of shelter signal CBR sentinel a patient in air-
lock is ready for removal.

c. Litter bearers don boot cove
cover patient with poncho, and exit car vmg patien
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Good, Franklyn P., Nominal 24, 000 BTU/HR Air to Air Thermaelectric
Environmental Control Unit (Westinghouse), Report 1939, AD 684 92§,
U. S, Army Mobility Equipment Research and Development Center, Fort
Belvoir, Va., February 1969, Unclassified.

Nominal 60, 000 BTU/HR Compact, Vertical, 208 Volt, 3 Phase, 60 CE'

(Model CEOUVALLD) and 208 Volit, 3 Fhase, 40U LycCle (viogel \JDWVAM)

I’wn 1\1’7"\ ATN £ a0y END Q
Air L,oncntlomrg Units (I RANE), Report 1881, AD 64% SUB, U. S,
Army Engineer Research and Development Laboratories, Fort Belvoir, Va.,
December 1966, Unclassified

AL O~ 23U 208 Volt, hase,

;‘ur Conamommz Units (TRANE) Renort 1841, AD 631 325 : - U,
Armyv EnzmeerFesearch and Development L.aboratones, Fort Belvoir, Va.,
December 1965, Unclassified.
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Nominal 60, 000 BTU /HR, Compact, Horizontal, Air Conditioning Units
(STRATOS), Report 1932, AD 676 119, U. S. Army Mobility
Equipment Research and Development Center, Fort Belvoir, Va., August
1968, Unclassifi. ..
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Air bonaltlomng qmpment Ior - r sS€, ALlJ BObB 40VY, Marmc
Vel | Y . 3 I3 ucation Yl P, -1 Y 0 VP Xem  Aiiomsiame 1040
Lorps bevejopment and Education Command, Quantico, Vva., nugue,L 28, 1969,
Unclassified.
Canlar Walrar and M~Cnllnnokh Raherr Fnoinooring Tecr of F12 Collective
JouuviIcy, YYAallTl aliud Vi L ulluugil, INUDTI L LIl el Ml L1 VoL Vi i J WJAlvwuiv e
Protector for M577 Command Post Carrier, Final Report, AD 822 4

(N AL aVs il NS RiiaA A A VDL NSFERL 2 Away Aseasa S prra Sy - Sasas w7 Ay
Dugway Proving Ground, September 1967, Unclassified.

Dunman, C. A., and Maloney, W. A., Service Test of E12 Collective
Protector for M292 Command Post Van (XM14 Collective Protection Equipment),
Final Report, AD 848 170, U.S. Army Infantry Board, Fort Benning,
Ga., May 1968, Unclassified (Supplement to Final Report, AD 848 171, E-3844,
June 1968, Unclassified. )
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Gooley, W., and Jones, W. T., Engineering Test of the XM14 Collective
“rotection Equipment for the M292 Expansible Van Truck, Final Report,

- AD 849 309, Deseret lest Center, Dugway Proving Ground,
January 1969, Unclassified.

Munson, H. R., and May, L. C., Check Test of Collective Protection
Equipment, CBR: Command Post Carrier, XMI5(E13), Final Report,

AD 844 446, U. 8. Army Armor and Engineer Board, Fort Knox,
Kentucky, 20 September 1968, Unclassified.

Gooley, Walter, and McCullough, Robert, Report for Engineering Test of
Collective Protection Unit for Combat Vehicle, Mechanized Infantry: AM/01,
Final Report, AD 482 623, “Dugway Proving Ground, March 1966,
Unclassified.

Snider, William L., Deseret Testing of Militarv Vehicles, Technical
Memorandum AD-13-68, AD 693 268, Yuma Proving Ground,
December 1968, Unclassified.

The ARCHON Weapons System Effectiveness Simulation System, Final Report,
DTC-DAAD-09-68-C-0023, Booz, Allen Applied Research, Inc., Los Angeles,
California, December 1968, Unclassified.

Scott, John H., Collective Protection for Vehicles, Vans and Shelters,
Contract DAAAIS-67-C-0,15. Donaldson Company, Inc., Minneapolis, Minn.,
Unclassified.

Armv Equipment Data Sheet, Chemical Weapons and Defense Equipment,
TM-730-5-13, Department of the Army, April 1969, Unclassified.

Hagberg, C. A., Feasibility and Design Summary Report (Phase VD)
Collective Protection for Combat Field Structures, Volume I, Report No.
3000, AD 800 648, ~Litton Systems, Inc., Applied Science Division,
Minneapolis, Minn., 15 September 1966, Unclassified.

Hagberg, C. A., Feasibility and Design Summary Report (Phase VII)
Collective Protection for Combat Field Structures, Volume 5, Material
Tnvestigation Supplement, Report No. 3000, AD 811 557,

Litton Systems, Inc., Applied Science Division, Minneapolis, Minn.,
11 April 1967, Unclassified.
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Terminal Equipment, Shelter Mounted AN /T50-58: Radar Tracking Station,
OA-2952/GSQ; and Electronic Shop, Shelter Mounted AN /GSM-44, Report
FR-64-11-7, AD 431 306 Hughes Aircraft Company, Ground

y

Appendix A, Analysis of Cooling, Heating - Collective Protection for
AN/GSM-44 System, AD 609 406, Contract DA 18-035-AMC-305 (A),

Hughes Aircraft Company, Fullerton, California, December 1964, Untlassified.

Collective Protection Equipment for the AN ‘MSG -44 System, Feasibility
Studies and Equipment Development, Bimonthly Progress Report, April -
May 1965, FR-65-11-134, AD 646 721, DA 18-035-AMC-305(A),
Hughes Aircraft Company, 15 june 1965, Unclassified.

Design and Development of a Collective Protection System for the Main
Battle Tank, Design Study Report, Contract DA 18-035-AMC-10(A),
AD 429 171, Donaldson Company, Inc., 30 january 1964, Unclassified.
Design and Development of a Collective Protection System for the Main
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Progress Repo March 1963, Contract DAAA15-70-C-1083, Booz
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