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The coursze of this study was to first investigate and define

the expected chemical/biological (CB) challenge, and then

to combine it <ith the he._copter mission to produce
the CB threat which could be expected to confront the AAH. Various optional

weans were then investigated by which the CB defense capability of AAH could

best be improved to withstancd this CB threat. Each of these optional changes

to the AAH was then evaluated for chemical and biological safety, effect on

overall mission effectiveness, and penalty to the helicopter in terms of

weight, cost, and installation feasibility.

A simplified summary of the canclusions and results of the study are as

follows:
1.

2.

3.

It is concluded that the present {1980-i985 time ffame) individual
respiratory protective devices and protective garments, are adequate
for essentially zero flight crew casualty operation from exposure

to CB agents, providing the flight crew starts the mission inside

a properly fitted clean protective ensemble, an;’that proper
personnel decontamination procedures are utilized.

However, in order to avoid an unacceptable loss in mission effective-
ness due to thermal siress, it is concluded that a liquid-cooled
vest undergarment should be added to the CB protective clothing
ensemble for the AAH flight crew. In addition,equipment needed to
provide the required cooled fluid should be added to the present
AAH environmental control system. (ECS).

It 1s also concluded that provisions should be added to each crew
staticn for furced ventilation of the mask with cool dry afr from
the cabin ECS supply duct, in order to reduce the hazard of an
improperly fitted mask, and to provide cooling of the face area.
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4. Finally, it 1s concluded that a collective CB filter system, with
cabin overpressure, should be added to the AAH in order to reduca
cabin contamination level and to increase safe utilization time

" when the mask is not worm.

The recommendations of this study are that, (1) the conclusions of this
study should be implemented by proceeding into a design phase of the AAH CB
protection system components; and (2) an actual prototype system should be
fabricated, testeq}and evaluated to determine the final configuration of a
production system for use with the AAH.




o
e
.
‘-
..‘_

-

-
~

3= OFURIRARY: . N
. PR A WAL AN w

1.  PREFACE

The Amy's intent in authorizing this study was to develup a document
to help define, and cptimally integrate, a crew CB protection systam for the
Advanced Attack Helicopter (AAH). This document should be of significant benefit

to the AAH Project Management (AAH.PM) for future planning and/or procurement purpcses

The study, awarded to Hamiiton Standard on 28 September 1979 by the UeSe
Army Natick Research and Development Command* Natick, Massachusetts, was
performed under the direction of Mr. Vincent lacono of the Natick facility.
Many sources were consulted during the data gathering phase of the
study, and therefore an attempt was made at each contributing facility to
coordinate Hamilton Standard's request for data ahd the Army's response,
through a single individual. This helped greatly in assuring that the data
sources consulted were appropriately qualified, and also assured that the
data was provided to damilton Standard in a t\imely fashion. These faci‘lities.

and the men who provided this coordinating function are as follows:

Mr. Vincent lacono . NARADCOM-CEMEL Natick R&D Command,
Natick, MA
Mr. Julius Romano AAH PMO Army Aviation Program Office,
St. Louis, MO
' CPT * Timothy Savage U.S. Army USAVN Center,
Fort Rucker, AL
Mr. Matthew Hutton Chem Systems Lab Aberdeen, MD
CPT Paul Garrett Human Engr. Lab Aberdeen, MD
Mr. William Barlow Chief Aero/ Hughes Helicopters
Thermodyamics Culver City, CA
Dr, Matthew L, Hers NARADCOM-0RSAQ Natick R&D Command,
, Natick, MA
Dx, Jeffrey Manickas n "

* Renamed UesSe Army Natick Research and Davelopment Laboratory, 1980,
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Hamilton Standard personnel performing this program were:
Mr. George C. Rannenberg Frincipal Engineer and auvther of final report

Mr. Mark M. Hultman Chemical Analysis Engineer
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He. Philip F. Heimlich Design Engineer

Mr. John R. Nason Thermodynamic Analysis Engineer

Mr. Thaddeus E. Burr Asst. Program Manager. _ '
Mr. Alfred 0. Brouillet Program Manager
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1. THE CB CHALLENGE

(a) CB MUNITION SYSTEMS

(1) Categories of Agents Cons:idered

The following is an unclassified version of this section of the report,

which is available in Volume 2 (classified Secret).

Seven types of chemical agents, considered to be representative of those
confronting the AAH (Reference 6), are classified by their effect on humans
and are considered in this study to be the specification agents against which
defense capabilities of the AAH should be evaluated. The seven types of
agents are summarized in Table 1. Specific chemical names and symbols for
warfare agents are pres«nted in Table 2.1 The following is a discussion
of these agents.

Vomiting and irritant agents are used primarily to barass target personnel.
Specific chemical names and additional information on these types of agents, and
also on incapacitating agents are provided in the classified Appendix C of this

report.

Blood and choking agents are colorless and are non-persistent. A non-
persistent agent is one which disperses rapidly because of a high vapor pressure.
Evaporation rates are very high and these agents show an advantage when it is
desired to occupy an area soon after an attack. These agents cause coma, Cone
vulsion, and death if a high enough concentration is inhasled.

For the blister agent Distilled Mustard (HD), and the nerve agents Tabun,
Sarin, Soman(G) and O-Ethyl S-2-D1 Isopropyl Amino Ethyl Methyl Phosponothiolate (V.
complete body protection is requireé. Blister agent, also known as mustard, is
often delivered in a thickened form which poses a lingering threat to troops.
Mustard, while primarily lnown for its blister causing property, also damages the

eyes, blood vessels, and respiratory tract.

l Planning and Conducting Chemical, Biological, Radiological and Nuclear Defense
Training. Acmy Field Manual FM 21.48, June 1973.

11 [ Previous pace é
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TABLE 2. CHEMICAL AGENT NOMENCLATURE
il
Qutagesy of sgenty Agun symived Agwni swuvusletnse

HC mixture.
Mixtare of aluminer, sine sxide, and hexachloresticns,

Sulfur tricxide-chiorosulfoaic aeid selution.

O-~chlorobeasalmaloncaitrile

Micropulverised C3.

Riet esntrel agent snlvents

Pregpyiens giyesl.

Blister agueat ~imalont

Melasssy resiizsm.

Mustard.
2.8 dichicrodiothyl sulfide.

Distilled mustard.
2.2 -dichlopodiethyl sulide

Mustard-T mixtare.
(Stmilar te HD but with a lower fressing peint)

Nitroges mustard.
2.3’ -dichlovetristhylamine.

Lewisita,
Dichlore-{3-chlerevinyl)srsize.

“Pheagene oxima.

Phosgune.
Carbenyl shioride.

Hydrogen cysaide.

Cyanoga caloride.

Tabun.
Diusthylaminssthexryeyassphosphing eide.

Sarte.

4&88&5 a(g 1 o o o ~u{nlxalzel sjejaf

Methyipinassiyiexytinerophesphine exida.

O Ethyl Bi-dlcopropylaninestipl

methyiphciphonsthiolate

REFERENCEK: FM21-48

13




Nerve agents GA, GB, GD and VX k111 at very low dosages. They act not
only by inhalation, but also percutaneously. Even at trace dosages the eyes
are adversely affected by narrowing and dimming of the field of visfon. The
nerve agents are often thickened with organic solvents or polymers to increase
casuzities by penetration of the protective ensemble, and to obtain slower
dissipation into the atmosphere. Penetration s dependent upon the size of
the 11quid drops and the vapor pressure. Increasing the 1iquid drop sizes
by adding thickener increases the amount of agent and the time the agent is

on the suit.
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(2) Chemical Agents Not Considered

Certain chemical agents which a-e known to effectively circumvent the
standard Army CB filter concept were not considergg, since previous studies
have shown their reduced toxicity requires such large delivered tonnages
that they are infertior to other weapons systems.

Certain chemical agents, such as carbon monoxide or ammonfa, will not
be removed either by activated carbon, or by particulat2 filtration in tie
current canister. However, the relatively low toxicity of these agents
makes them extremely difficult to deliver in Jethal quarntities. Previous
studies have shown such agents to be inferior to common high explosives as
weapons, and therefore they have not been considered in this study.

Other chemical agents such as metallic carbonyls are toxic enough to be
considered, but no practical means of delivering a dispersal fine enough to
pass through the particulate filter was uncovered in this study.

At any rate the development of agents whiéh circumvent the current.
canister wouid undoubtadly oniy cauze a revision of the canister to take
place to provide a defense against them. There i{s no assurance that the
specific construction of th? current canister will remain unchanged, but
rather it is assuded in this study that the Jdefense concept of the chemical
filter is sound and that revisions to the specific internal construction of

the throwaway portion will be made when required.

15
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:::f,: (3) Munitions Used for Development of Chemical Agents
Chemical and biological warfare agents are delivered by a variety of means,

@ including artillery, rockets, bambs, missiles, land mines, and direct spray from
aircraft and helicopters.

T The content of this paragraph {s classified, and s available fn. Vol. 2
which is classified Secret.
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(4) Biological Weapons

Biological weapons employing 1iving microorganisms, were considered
Timited by their imability to pass through mask particulate filters.

The objective of using biological weapons is to reduce the ability of
military personnel to fight. While biolagical wearzary is also used to

cause disease of animals and plants and to cause deterioration of materials,

the primary focus in this study is on the reduction of the AAH crew's fighting

ability.

Biolcgical agents consist of living micro-organisms including bacteria,

rickettsia and viruses. These agents are affected by their environment,
with some easily destroyed by sunlight in a matter of hours, while others
remain infectious after several hours.

The effects of antipersonnel biological agents ure the same as those
assocfated with specific diseases such as typhoid, influenza, diphtheria,
etc. The severity of the disease produced depénds upon the dusage receiéed,
the route of entry into the body, defenses that the body may already have
.against the agent, the speed and type of treatment, and the ability of the
agent to break down normal body defenses and interfere with normal body
functions.

With all biological agents, there is considerable delay between the
time an agent enters the body, and tha point at which symptoms of disease

appear. This is commonly referred to as the incubation period which, due to

its 1nexactness, is expressed as a range. This time range can be altered in

several ways.

Excessive doses of the agent may shorten the incubation period and also

change the course of the disease. An abnormal route of entry for the agent

may result in a gross change in symptoms of the disease, such that it cannot

17
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be recognized by a physician. An example of an abnurmal route of entry would
be through a cut or wound, rather than orally. Also, the synergistic effects

of two or more agents may so completely mask or alter the symptoms of each

A RY  CATAEN

E that the resulting set of symptoms may not be associated with either agent.
i The three normal openingslin the body through which a biological agent
g may enter are the respiratory tract, broken skin, and the digestive tract.

E Biological agents entering the respiratory tract are passed easily into the
i blood stream and circulated throughout the body. The unbroken skin provides
; excellent protection against biological agents, however, vectors such as

? insects may infect individuals percutaneously to produce serious diseases.

: The only remaining openings in the body are associated with the digestive

. tract, and biplogical agent entry via this route is unlikely but not impossible.
E Factors such as body immunity, 1ight, temperature, and moisture affect
. the infectious ability of biological agents. The u!traviolet component ‘¢¥

' sunlight kills most biological agents. Increasing the temperature causes

most agents to die more rapidly. Finally, low relative humidity .
causes organisms to die more rapidly than high humidity conditions.
Dispersal of biological agents can be made by pumping a slurry, or “soup"

laden with agent, throuyn spray nozzles. As the carrier liquid (water for

| exanple) evaporates, the droplets get smaller and the concentration of agent
in the droplet increases. As the cqrrier disappears, the remaining portion

; approaches its smallest possible dispersal size. It is in this smallest

possible delivery size that the maximum danger is reached, because of the

Increased possibility of passing through the particulate filtar portion of the

CB defense system. This study considers tnat this lower limit in effective

agent size was greater than 1 micron, and that the particulatas filter in the

canister is an adequate defense.
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In a like manner the dispersal of biological agents can be made by surrounding
an explosive with a powder of finely ground dried agent. Again there are
practical limits to the smallest size biological agent particle which can be
delivered, and this study considers that this lower limit in size was greater
than 1 micron and that the particulate filter in the canister is an adequate
defense.

Riological agents also tend by their nature to be long response time
weapcns, much like strategic bombing, rather than weapons which would be con-
sidered to bring down a helicoptir. This being the case one would expect bio-
logical agents to bw used against mure permanent staging areas and larger

bases, rather than on the helicopter versus tank battlefield.
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(5) The Chemical Threat Environment
The rates at which various munitions must be delivered to a target to pro-

duce significant casualties is known, and therefore a model battlefield situation

was constructed for use in this study.

This chemical warfare battlefield model is classified Secret and is

available in Volume 2.
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(b) THE EFFECTS OF CHEMICAL AGENTS ON HUMANS

{1) General Toxicity of Agents

The following is an unclassified version o¢f this section of the
report. A classified version is available in Volume 2, which is classified
Secret.
i ‘ Chemical agents vary in toxic effect depending upon dosage. The various
E chemical concentrations of nerve agents and blister agents which produce
varying degrees of symptoms are discussed in detail in Volume 2. Meteorological
l effects on agent effectiveness are also considered.
The basic conclusion of this section is that even very low concentrations
of nerve agent are detrimental to the vision of the AAH pilot, and therefore,
' the protective mask must be worn at all times. While these agents are also
l effective percutaneously, the dosages of G-agent and H-agent expected inside a
clean AAH are not sufficient té‘warrant wearing of the CB protective clothing
ensemble by the crew. The possibility of liquid contamination outside the
Z AAH, however, makes wearing the suit necessary since the suit cannot be put
l on and taken off inside the helicopter. The suit is also necessary for

safety inside a contaminited cabin.
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(2) Eye Toxicity Effect on AAH Crew

NDetailed informarion on pilot's baseline performance versus performance when
his eyes are affected by chemical agent was not available, but its absence does not
affect the conclusions of this study because this study assumes a very con-
servative concentration to be unacceptable. A quantitative evaluation of
reduction in pilot performance vs. chemical agent dose was not ;onsidered in
this study. The dose of agent required for onset of miosis (eye performance
degradation) or inflammation has been established over a broad rénge, but
evaluating the onset of eye degradation to specific pilot performance aar
mission effectiveness is more difficult. For purposes of this study it has
been assumed that any pilot miosis results in a mission casuaity. That is
to say, any sbservable miosis will cause the mission to be aborted, even
though che crew and helicopter will most likely survive.

It has been conservativei§ assumed in this study that a dosage of 0.5
mg-min/m3 is sufficient to produce eye effects which could reduce pilot
performance. Reduction in pilot performance does not occur immediately if
the time in which this dose is accumulated is short because miosis can occur
up to several minutes after the dosage level has been absorbed. It is
believed that the use of such a conservative dosage Timit is desirable in
that it provides a form of safety factor, or safety margin, which should be
used in a study of this type.

The use of cour.termeasures or antidotes by the flight crew appears im-
practical insofar as miosis prevention is concerned. Antidote injections,
for example, are of no use to a helicopter pilot in preventing ar,curing
miosis, because side effects result in an unacceptable reduction in the
capability of the pilot. Such countermeasures can save lives, but do not
preserve full capability of the pilot while doing so, and therefore cannot
be a viable method of protection for the AAH crew.

22
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(3) Toxicity of Biological Agents

No significant data on biological warfare agents with regard to their dis-
persal means, effect, or dosage was uncovered in the reference material made
available for cnis study. Likewise the only significant data uncovered re-
garding defense against biological agents is discussed in Section 1 (a)(4).

It is therefore concluded that such information is beyond the security
classification of this study. However, lack of this data has no effect on the
conclusions of this report, providing the bioiogical penetration data of Table 3

of this report are correct.

TASLE 3. CRIGINAL DESIGN OBJECTIVES OF ARMY CB MASK ASSEMBLY

THE MASK ASSEMBLY SHALL PROTECT THK FACE, EYES AND RESPIRATORY TRACT FROM FIKELD
CONCENTRATIONS OF CHEMICAL AND BIOLOGICAL AGENTS.

CAPABILITY OF THE RESPIRATORY CHEMICAL FILTER SHOULD PROTECT THE WEARKR FROM A
MINIMUM OF 13 ATTACKS WITH G-TYPE AGENTS. A CHEMICAL ATTACK IS DEFINED AS AN
EXPOSURK TO 1000 MG/H’ CONCENTRATION FOR 20 MINUTES

PROTECTION CAPACITY OF THE RESPIRATORY CHEMICAL FILTER SHOULD BE ADKQUATI FOR
AT LEAST ONE ATTACK WITH BLOOD AGENTS.

AEROSOL PROTECTION BY PARTICULATE FILTER:
CHEMICAL PENETRATION -~ 0.01% MAX.
NUCLEAR PENETRATION - 0.01% MAX.
BIOLOGICAL PENETRATION - 0.0001% MAX.

LIQUID PROTECTION THROUGH MASK SURFACE MATERIALS:

¢ HOURS PROTECTION FROM LIQUID AGENTS SUCH AS MUSTARD, THICKINED SOMAN,
AND ¥X

VAFOR DIFFUSION PROTECTION THROUGH MASK SURFACK MATERIALS:
¢ HOURS PROTECTION FROM MUSTARD, THICKENED SOMAN, AND VX.
ALL THE ABOVE DESIGN OBJECTIVEKS ARE MET OR EXCEXDE. B8Y THE MASK ASSEMBLY CONSIDERED

IN THIS STUDY.

REFERENCEK FOR THIS TARLEK:
REQUIRED OPERATIONAL CHARACTERISTICS OF
THE NEW PROTECTIVE MASK. RECEIVED FROM
CSL ON 11/27/79.
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(c) AMBIENT CB ENVIRONMENT EXPECTED TO CONFRONT AAH

Yapor concentration and dosage levels expected to be encountered by the
AAH are highly dependent upon the type of munition emplcyed, meteorological
conditions, and terrain factors. Vapor and liquid agent environments are
dependent upon temperature, lapse rate, wind speeu, relative humidity, precip-
 1tat1on, terrain, and height of detonation. While many of these factors
apply primarily to ground level concentrations and dosages, they will also
have an important influence upon the CB environment experienced by the AAH.
This discussion of meteorological effects on the CB enviromment is primarily
concerned with the lower one hundred meters of the atmosphere.

Temperature has a strong effect on the persistence of deposited chemical
agenté."' Figure 1 shows the vapor levels remaining after a deposition of 3
g/m2, as a function of time after deposition at three different temperatures.?

Also shown in ;}gure 1 1{s the fact that lower temperatures
cause lower concentrations té persist for a longer time period, while high
temperatures cause higher concentrations to persist for much shorter time
periods, tending to equalize the total concentration times time (CXT) exposuré.
In general, high ambient air temperatures favor high casualty rates for unmasked
troops, and cold temperatures favor delayed casualties from liquid penetration
of the suit. This is a generalized appraisal based on the available information.
The effécts of lower temperatures on toxic munitions are extremely complex and
difficult to generalize.

Temperature gradient with altitude (lapse rate) is important in determin-
ing the rate of dissipation of CB agents, and also is important in distributing
the chemical deposition. A high lapse rate distributes agents much more
rapidly. An inversion lapse rate, in which the air near the surface is cooler
than that above, does not allew the agents to dissipate vertically, thereby

trapping high concentration of agents near the ground. Because of this

2 Chemical Agent Decontamination Study.
Joint Technical Coordinating Group for Munitions E€fectiveness
January 1976. (Secret Report)
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phenomenon, temperature inversion conditions are normally considered ideal for
a chemical attack.

Wind has the large effect on chemical agent dispersion that one would
expect. Small area non-persistent chemical attacks are most effective when
winds do not axceed 5 knots (9.3 km per hr). PFor large area attacks it is
most desirable to have wind speeds less than 15 knots (27.8 km per hr). In
view of the generally higher concentration near ground level, the wind created
by the AAH downwash during hover will probably tend to reduce concentrations
and doszages in the vicinity of the AAH by mixing relatively agent-free air from
above with chemically contaminated air below. This effect may be reversed if
the AAH is within 10 meters of the ground due to higher evaporation rates of

liquid agents incurred by the impingement of the downwash on the ground.
Terrain exerts consicerable influence on chemical agent clouds. In

general, higher concentraticn of agents tend to accumulate in valleys.dépressfons,
and foxholes. The AAH pilot should avoid such areas if feasible. Rough

ground, including that covered by brush, tall grass, or trees, impairs the
dispersion of chemical agents, and less agent would be encountered 1f the
helicopter is set down upwind in the most open, highest area possible.

Height of detonation varies depending upon the type of munition and atmo-
spheric conditions. They can be detonated barometrically or set to explode on
impact. Detonation is normally set from 0 to 1C0 meters. With the AAH mission
occurring primarily within the lower 100 meters of the atmosphere, agent concentra-
tions and dosages occurring outside the AAH may be just as high as at ground
level, and for this reason no differentiation will be made between agent con-
centrations occurring during flight and those enccuntered on the ground during

rearming/refueling.
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(d) AAH MISSION PROFILE

(1) Derivation of '"Standard Helicopter Combat Day'

The following is an unclassified version of this section of the report.
A classified version is avaflable in volume 2, which is classified Secret.

As part of the specification for the contract of this study, the Army
supplied a detailed time-line for a single combat flight,> _ which was
then expanded as part of this study to what is referred to as a "Standard
Helicopter Combat Day". The resulting AAH mission profile used in this study
is shown in Figure 2. The mission is considered to begin at the time
the crew leaves the protective enc]osure‘ and to end at the time the crew
exits the AAH upon return to base. After a preflight briefing of 41 minutes,
the crew is transported to the helicopter, a journey which takes 11 minutes.
After arrival at the AAH, 67 minutes are spent in preflight checks. Take-off
itself takes six minutes. Actuai flight time after becoming airborne is 77
minutes for a single flight, making total time from leaving the protective
enclosure to returning from the first flight (including post-flight briefing)
181 minutes. We will assume for purposes of this study that six such flights
in sequence constitute a “Standard Helicopter Combat Day", and therefore the
total mission time for the crew, measured from leaving the protective enclosure
to egress from the AAH upon return to base, is slightly less than twelve
hours.

The "Standard Helicopter Combat Day" profile szlected for this study
assumes that the AAﬂ crew is already suited at the start of the day and has
not yet entered suit decontamination procedures which are available at the

end of the day's mission. Suit donning and doffing factors are identical to

those faced_by all other elements of the Army, and therefore are not covered

o in this study of the AAH. It 1is further assumed that if a crewmember is

D AR ;AL AR
. L L
Lt SN L
[ IR A R U
R R L ST T

‘- contaminated with 1liquid agent while refueling or rearming, that adequate
.}% ‘ - AN
j; > Hunfeld Tactical Mission, Supplement to AH WSTEA Report Data.

e (Unclassified) which is enclosure 2 of letter from Robert Eaton to gay
N Program Manager, dated 12 December 1978.
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measures will be taken bafcre the crewmember re-enters “he AAH. Failure to
decontaminate such a liquid agent from a crewmember could result in death

to the affected person, due to the fact that agent trapped between the suit and
sest is prevented from evaporating, and in fact may be pressed through the
porous suit materfal. This makes a rather strong case for the improved safety of
the totally impermeable suit in spite of its somewhat more severe heat rejection
problems. In any case, such decontamination problems are also faced by all
other elements of the Army, and therefore, are not specifically covered in this

study of the AAH.
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(2) Dexzivation of '"Helicopter CB Day'

The following 1s an unclassified version of this section of the report.
A classified version is available in. volume 2, which is classified Secret.
The "Standard Helicopter Combat Day" established in Section 1.(d)(1) was
superimposed with an estimate of the CB environment to produce what is referred
to as a "Helicopter CB Day®, for purposes of evaluating the CB defense characteristics
of the AAN.
While a clear definition of a single flight was made available for the
study, a clear definition of the number of flights made consecutively in one
day was not made available. Therefore, the concept of a "Standard Helicopter
Combat Day" was adopted by Hamilton Standard as described in Figure 2,
In order to proceed with the concept of a "Helicopter CB Day®, it has been
assumed that CB exposure will exist on and off, without warning, during 50% /
of the flight time of the "Standard Helicopter Combat Day".
The in-flight CB exposure is assumed to consist of flights through ¢louds

P e

of G-agent, mustard, or blood agent (cyanogen chloride). The most probable
attack scenario described in Section 1.(a)(5) was adopted as representative oé ‘
typfcal exposure levels during flight. While it is pessible to encounter G-
agent concentrations as high as 350 ng/n3 for very short periods of time and
some typed of attack can produce vapor concentration as high as 10,000 -g/n3
for brief perfods of time, it will be assumed that the AAH will more typically
be exposed to a maximum continuous concentration of G-agent of 25 mg/m3 when
on the ground at the FARRP.
Hh-ile the assumpt ions made here may exaggerate the possibilities of CB
exposure, it is important that a purposely severe threat be chosen to evaluate
the capability of the ivailable protective devices. The assumption of a 12-
hour mission with six hours 2t this relatively high CB exposure is felt to

meet this requirement.
30
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As shown in Figure: 2,  che first flight of the day requires almost
double the time in the AAH as do subsequent flights due to the requirement for
pre-flight checks. Sixty-seven (67) minutes of the first flight is spent on
the ground with the AAH crew aboard. Pre-flight checks are followed by the
first 83-minute flight. For the first flight, 11 minutes are spent getting to
the AAH, and 20 minutes are spent at the FARRP, for a total of 31 minutes
during which the AAH crew may be exposed to the chemical threat outside of the
vehicle.

Considering the above, total flight time for the day is 498 minutes (565
minus 67), and with the 50% exposure ground rule, this means 249 minutes of
potential CB exposure. For 33.5 minutes, the crew cnuld be exposed to 25
mg/m3 prior to take-off, and finally they couid be exposed to 65.5 minutes of
25 mg/m3 ot tside the AAH and at $he FARRP. For purposes of estimating typical
i1ife of the personal respiratory filter, it has been assumed that each CB day
will consist of exposure 100% of the time at the FARRP at 25 mg/m3 (100 minutes),
and 50% of the time in flight (249 minutes) at concentrations experienced in .
flight. The above defines the "Helocopter CB Day" which Hamilton Standard
censidered in this study.

It turns out that the severity of the above design ~ondition for evaluating
the chemical protection capability is relatively unimportant. There is such a
large safety factor margin for both the suit and the respiratory devices,
using the above design criteria, that one is forced to conclude that the

primary chemical danger does not come from the expected AAH mission, but
rather from improperly fitted equipment, physical contact with liquid agent,
and battle conditions in which no suitable decontaminaticn facilities are
available. The adequacy of the existing CB ensemble for the threat of the
expected mission 1s more thoroughly described in Sections 4.(a) and 4.(b,.
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“(e) CB ENVIRONMENT INSIDE PRESENT AAH HELICOPTER

The following is an unclassified version of this section of the report.

A classified version is available in vVolume 2, which is classified Secret.

Without collective chemical or particulate control added to the AAH,
lethal dosages of (B agents will enter the cabin through the normal-air supply
system and by 1nf11tra£;;n; however interior levels will be considerably
attenuated compared t; external levels.

The AAH cabin volume attenuates external concentrations of agents; however,
lethal levels of agents rapidly bufld up. Total dosages for G-agents experfenced
by the ciew are far above the lethal level for inhalation and thus the protective
mask must be worn at all times 1n a CB theater. G-agent or HD dosages, however,
are not high enough to warrant the wearing of C8 protective garments by the
crew when inside a cleun AAH cabin urless there is contamination by liquid

droplets.
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2. INDIVIDUAL CB DEFENSE CAPABILITY

(a) SULTABILITY OF AVAILABLE PESPIRATORY PROTECTIVE SYSTEM AGAINST AGENTS
CONS IDERED

(). X_g-ents Handled by Respiratory Protective System

The standard M10Al cartridge, when installed in a properly fitted mask,
protects the wearer from all chemical agents considered in this study. A
properly fitted mask protects the face, eyes, and respiratory tract of the
wearer from chemical and biological agents through the use of particulate
filtration for aerosol and particle removal, and activated impregnated carbon
for toxic gas removal. The protective mask is equipped with an expendable
charcoal canister/filter which has an adequate capacity to protect the wearer
from at least 15 severe chemical attacks with G-type agents.

The basic operational requirements met by the mask are summarized in
Table 3. The basic requirement is to provide protection from fifteen
chemical attacks with G type ag;;ts, where a chemical attack is defined as an
exposure to a concentration of 1000 mg/m3 for 20 minutes. In reality thé mask
is capable of protecting against much higher concentrations as demonstrated by .
the test results shown in Table 4. In addition, the protective mask
will protect from vapor and liquid peretration of the rubber mask material
itself for a minimum of sfx hours when worn with a protective hood.

While virus particles are normally extremely minute, it is assumed in this
study that they must be disseminated through the use of a vector or some
carrier agent capable of providing nutrients. None of these carrier agents

was considered in this study to be smaller than 1.0 micron (se€e Section 1l.(a)(4)),
nor are any droplets of thickened agent considerec less than 0.3 microns.

The pleated filter used in the charcoal canister is designed to remove

99.99% of all particulate matter 0.3 micron and larger in size.
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TABLE 4. PERFORMANCE TEST ACCEPTANCE CRITERIA - MIOA{ CANISTER
AGENT TEST CONCENTRATION MIN. LIFE exT
GB (SARIN) 4,000 £ 200 MG/ m3 73 MIN. 300,000 MG-MIN/M3
€X (CYANOGEN CHLORIDEK) 4,000 200 MG/ m3 30 MIN. 120,000 M&G-MIN/M3
AC (HYDROCYANIC ACID) 10,000 £ 300 MG/ m3 N.R.
CG (PHOSGENE) 20,000 £ 500 mews w > *N.R.
SA (ARSINE) 10,000 £ 500 MG/ m3 “N.R.
*NO SPECIFIC TIME REQUIREMENT FOR THESK AGENTS.
REFERENCK FOR THIS TABLE:
‘REQUIRED OPERATIONAL CHARACTERISTICS
OF THE NEW PROTECTIVE MASK L o
RECEIVED FROM C.8.L. ON 11/27/79
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(2) Usage Life of Respiratory Protective System

The M10Al cartridge protective assembly has the capacity to provide
protection for a large number of chemical encounter missions of the type
selected for the "Helicopter CB Day" described in Section 1.(d)(2). The ML0Al
cartridge has the capacity to sorb a minimum G-agent dosage of 300,000 mg
min/m3. Traversing one CB event, as defined in Section 1.(a)(5), results in crew
exposure to the dosage levels shown in the unclassified figures i

of classified 'Volume 2. With these unclassified figures, calculations
were made for dosage per each of these events for various assumed aircraft
speeds. This was then combined with the mission of Figure 2 as described
in Section 1.(d)(2). Table 5 shows this comparison between dosage per CB
event, dosage per mission, and M10Al cartridge chemical capacity. Only a
very small fraction of the G-agent capacity of the cartridge is used on what
is considered in this studv to be a heavy CB day.

Considering that the maximum concentration of G-agent rarely exceeds
300 mg/m3, and that the minimum capacity of the canister is 300,000 mg
min/m3, the wearer.may survive for more than 16 hours (1000 minutes) even
when experiencing the maximum possible concentration attainable.

Although the M10Al cartridge has a greac excess of capacity for G-
agents, there is a limitation when exposed to the non-persistent agent
cyanogen chloride (CK). Minimum design CxT for this agent is 120,000 mg
min/m3. Saturation of CK at 20°C is approximately 3000 mg/m3;.however,
maximu@ actual concentrations experienced on the battlefield are more likely
to be on the oirder of 300 mg/m3. Canister 1ife under these letter conditions
would be only 6.6 hours. At the above saturated concentration, canister
life would be only 40 minutes. In short, the canister is capable of withstanding
a severe chemical attack with blood agents; however, if it is believed that
a severe attack with blood agents has occurred, the canister should be

changed as soon as possible.
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TABLE 5 . (U) MIOAI CHARCOAL LIFE FGR G-AGENT

. NUMBER OF
DOSAGE EVENTS IN TOTAL DOSAGE . MASK
PER ONE DOSAGK ON TOTAL CAPACITY*
EVENT oB DAY FLIGHT GROUND DOSAGEK (C® DAYS)
VELOCITY ug;mu, Me:MIN w MG-MIN
{KNOTS) M* _ ©oM3 M3 M3
40 10.4 1l 1122.4 ‘2478 ‘3897 ' o3
0 7.1 138 280 2473 3483 | o7
120 ‘K3, 184 278 “2478 . 34%0 . 87
130 - 9.0 199 ”%s 2473 3470_ e

. . . — .. . cem - ——— - . - .
" SWHERK A STANDARD “HELICOPTER CB DA}" CONSISTS OF 249 MINUTES FLIGHT TIME, AND 100 MINUTES
CﬁOUND TIME PER DAY AT 23 ICG/H' CONCINTHAT!ON;‘
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No data defining the storage capacity of the MLOAl cartridge for bacteri-
ologically active dust was discovered during this study. It is assumed,
however, that this is not a limiting factor for the assembly, provided that
the expendable cartridge is changed as recommended by the manufacturer.
Storage capacity for biological and other aerosols and dusts is limited only
by the added breathing resistance such loading impcses on the wearer,

In view of the fact that there is at this time no practical way to assess
cartridge life remaining, it is important that the cartridge be changed

in accordance with applicable training manuals or other official guidance.
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(b) CRLW PROTECTION PROVIDED BY THE POROUS, CARBON-IMPREGNATED SUIT

(1) ‘'Agent Protection Afforded Wearer

The standard available CB protective overgarment, when properly fitted,
will protect the AAH crew from all chemical and biological agents considered
in this study.

The content of the remainder of this section 1s classified and is available

In velume 2 Which is classified Secret.
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(2) Usage Life of Suit

The standard available CB protective garment is overdesigned in chemical
resistance for the AAH crew compared to som: other Army occupations; therefore,
its Jife for the AAH flight crew will usually be limited by wear and cleaning.

The primary purpose of the CB protective overgarment is to protect the
wearer from the direct impact of liquid droplets. This is accomplished through
an activated carbon impregnated material which adsorbs vapors emitted on the
exterior surface of the cloth in the vicinity of the weited site.

Suit degradation is caused by the accumulation of excreted body oils and
perspiration which accumulate in the protective material. O0ils or solvents of
any kind are suspected of rendering the suit ineffective by wicking through
the carbon impregnated suit and carrying agent with it. The effects of oils
and solvents are still being evaluated.

The suit has been found ca;able in tests of providing adequate vapor and
liquid protection after 14 days of normal wear in battlefield condi;ions;
Allowable wear time for the less active AAH crewmember could therefore be
longer than 14 days, however, 14 days is the longest test verified wear period.
Contamination of the suit at any time during the allowable wear period is
grounds for replacement or cleaning. Replacement of the suit is recommended
within 6 hours of contamination. The effect of laundering the CB protective
overgarment or protection level is still being evaluated.

Thickened GD or VX agents which are specifically usedlto cause casualties
by protective suit penetrationn have low vapor pressures and a high potential
for materfal penetration via vapor diffusion. Therefore, these agents will
have a more deleterious effect on useful suit life than exposure to gaseous

agents.
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In summary, the CB protective overgarment protects the wearer for up to
14 days of continuous wear, protecting the wearer from both the vapor and
Tiquid threats. The suit is replaced when either 14 days of continuous wear

have accumulated, or within‘s hours if the suit has been contaminated by a CB

attack or by o1l droplets.
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(c) DESCRIPTION OF AVAILABLE CB PROTECTIVE GARMENTS

A complete array of flightworthy CB garments suitable for the AAH flight
crew exists. But they must be considered “first generation" equipment since the
special requirements of airmen have already made apparent the need for certain
improvements.

There are options available, and many different combinations of CB attire
are possible for the AAH crew, but the following is what might be referred to
as the baseline CB attire for the 1980-1585 time frame:

a) Underwear (T-shirt, drawers, socks)

b) Two-piece chemical protective suit (overgarment)

¢) One-piece fire-resistant coveralls

d) Armored vest

"e) XM-29 CB protective mask

f) M-9 Aviators CB protective hood

g) SPH-4 flight helmet B

h) Butyl gloves with cotton liners

i}  Nomex flight gloves

j) Stardard boots

k) Butyl footwear covers

The use of cold weather clothing as part of the CB ensemble may not be
necessary for the AAH flight crew, because the chemical protective suit is
worn over the aircrew clothing and provides thermal insulation as well as
chemical protection. A brisk cold day is necessary to remove bcdy heat, if
any significant physical work is being done, as is discussed in detail in
Section 4.(d).

A brief specification and photograph of each of the CB protective
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clothing options is shown in Appendix A. The chemical defense character-
istics of the respiratory protective system are covered in Section 2.(a).

The chemical defense characteristics of the suit are covered in Section 4.(2).
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Helicopter operation does not in itself result in any new requirements
for CB garments, but 1t does point up the inherent deficiencies. These
deficiences can never be completely eliminated, but certainly can be improved
upon. One such example is bulkiness. It is impossible to have clothing
without some bulk. But bulkiness around the waist of an infantry truck
driver might be without consequence, whereas bulkiness around the waist of a
helicopter pilot could block off his view of instruments in a waist high
console. Bulkiness in the glove of an infantry truck driver could be without
consequence, whereas it could interfere with operation of a circuit breaker
panel on a helicopter, and so on. Examples of reduced agility and dexterity are:

a) widened fingers interfering with operation of switches

b) feet slipping from pedals and bulky for good pedal operation

¢) tiles, straps, and butky folds catching on levers and other cock-

pit protrusions

Interference of the mask with vision is undoubtedly a more critical
matter for the AAH flightcrew than for many other Army occupations. Unimpeded
vision and rapid reflexes are obviously essential to survival when flying
near the earth between trees. There are several ways in which this visual
impairment can take place, for example:

a) reduction of field of view by mask

b) distortion of image by the mask lens

g) ipabili:y to hold eye at proper focal length for gun sight, night

vision apparatus, telescopic sight, etc.

d) inability to remove sweat from the eyes

e) fog on the mask lens, particularly on the inside where it cannot be

‘ removed.
Another areé of concern {is that of physical discomfort to a degree which

can cause distraction, headache, nausea, dizziness, and disorientation.
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Examples of causes of this kind of discomfort are:

a) excessive pressure against the head or face

b) eye strain fram vis. Y distortion

c¢) improper breathing rate, resulting in higher or lower oxygen

levels than desired, caused by voluntary breathing effort required
to overcome respiratory system pressure drop. XM-30 series mask
pressure drop 1s low enough to reduce this to be a minor problem.

d) 1inability to reject body heat, with resultant artifically induced

fever. This heat rejection prcblem is described in detail in
Section’ 4.(d).

Improvements in ease of donning and doffing are continuously being
evaluated. The difficulty is, of course, that chemical safety requirements must
predominate over convenience 12 opening and closing access points.

Fire resistance requirements, not unique to airmen, are of tremendous
importance. In spite of design improvements to reduce the fire hazard in hel-
icopters, flame resistant clothing still represents the flight crew's best
chance of surviving fire. With the current baseline CB attire, the helicopter
crew faces a dilemma. The fire resistant coveralls are most effective as the

outermost clothing layer. But unfortunately tulkiness of the chemical suit makes

“the ensemble more comfortable with the fire coveralls inside even though the

carbon filled foamed overgarment is not fire resistant. A Product Improvement Proposal
(PIP) is in process to
develop a fire resistant overgarment, but no improvement is expected in its bulky
configuration or ability to dissipate body neat in warm enviromments.

Many different approaches are being considered in effort to alleviate
the factors discussed above. A brief summary of these development approaches
together with respective areas of improvement, currently being considered by the

Army Natick Labs, 1s shown in Table 6.
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(d) VALUE OF CHEMICAL ALARMS IN AAH DEFENSE

The availability of suitable alarms can improve crew safety and mission

effectivenass by allowing more utilization time of the helicopter with the

-2: crewman in the "mask-off" mode.

Available alarms are expected to be development derivatives of the

Eﬂ ) current M43 alarm. The M43 series alarms are about 6% x 6" « 8;(15.2x15.2/20.3 em)

in si{ze, can

operate on 28 YOC power, and weigh about 6.5 1b (3.0 kg). The M43 responds
quickly to
high concentrations, and slower to low concentratfons. Typical response

characteristics for a "dry sensor” alarm of the type expected to be available

. - oW t.
'..,-’. - '.-"' LN S

in the time period of this study are shown in Table 7,
Alam systems are of little vaiue to the crew of an unprotected helicopter

who fly into a thick agent cloud with masks off. Encountering cloud concentra-

- BRI

;ﬁ. tions on the order of 350 mg/m3 would result in unacceptable interior con-
= centrations, and lead to 2 rap{a dosage buildup to the eye effect dosage,
ﬁg before a mask could be donned. To illustrate this response time probleﬁ let
us return to the artillery attack model presented in Section 3.1.5. Upon
flying into the most dense (centerline) concentrations, the crew will be

ﬁﬁ alerted to a G-agent presence in about 1.8 seconds, when tiraveling at 90

o,

- knots (167 km per hr). Unless the crew can don their masks within about 8
o seconds, eye defects

s

;21 will be inevitable. The 8- second time availability is optimistic because it
;; assumes that there is no-I;; time in the sampling line between the outside of
iil the AAH and the alarmm. Even with these typical ievels of agents, there is

i; insufficieat time to don a mask, and higher concentrations make even less time
Eﬁ available. It should *~ pointed out that the development of faster alarm

£§ response at high agent concentrations cannot influence the response time

Eé} problem for 3 cabin without collective protection. Even a zero time alarm

;% response wou J give the crew only about two seconds more, or 10 seconds to don

their masks instead eof 8 seconds.
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TABLE Z__ TYPICAL RESPONSE TIME OF DRY SENSOR CHEMICAL DETECTOR
ALARM
— TIME TO TRIP ALARM DOSE TO TRIP ALARM
CONCENTRATION —— —m—
or VOLATILEK: VISCOUS: VOLATILE: VisCOous:
_AGENT _ G AGENTS VX AGENTS G AGENTS . | VX AGENTS
0.3 NG/H‘ 4 SKC § SKC 0.02 MG-MIN 0.03 Mﬁ-&i"!
ud L
1.8 HC/M’ 2.3 SKC 2.8 s&C 0.042 MG-MIN | 9.042 MG-MIN
_u LA
10 MCIH, 1.8 SEC 1.3 8KC 0.23 MG-MIN 5.28 MG-MIN
' o M3 m3
REFERKENCK: PROUM UNCLASSIFIED DATA PROVIDED BY
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Since alarms cannot materially affect the ability to fly “mask off" in a
helicopter without collective protection, it is concluded that alarms are pri-
marily of use in unprotected helicopters for masked crewmembers to sound the
alarm to others who are behind or downwind.

In a helicopter with a collective filter system however, alarms have
several potential uses. An alarm sensing ambient air agent concentration may
be used to automatically divert incoming ambient airflow to the cabin to go
through a CB filter. Shut off dampers are necessary on the inlet and outlet
of CB filters to profect them from everyday vapors and dusts which would
otherwise contaminate them and make them worthless when an actual CB agent

attack occurs. Construction of these dampers, or valves, is discussed further

in Section 6.(d)(3). An alarmm sensing ambient air concentration can be used to

automatically trigger the motiop of these dampers from the positicn of protecting
the CB filter to the position of forcing all incoming air through the filter.
The same actuator can also be used by the flight crew to manually actuate the
dampers. ‘

Figure 3 shows cabin concentration versus time for both an unprotected
;abin and a cabin with a collective filter for the model battlefield gradient
332§:n:§ation; of Section 3.A.e and a helicopter speed of 90 knots, (167 km pr hr).
Figure 3 that the current unprotected cabin with all fresh air responds
very quickly, as shown by the left hand curve. The right hand curve responds

slower at first, even though the air is not going through the filter, because

only about 25% of the airflow is fresh and the remainder is recirculated as

described in Section 6.(d)(3). After the alarm trips and activates the filter,

the cabin concentration starts to decline, as shown.
Figure 4 . shows the accumulated dose received by the flight crew for

the same ambient concentrations, whgn the collective system is automatically
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activated by an ambient air alarm. Only about one tenth of the dose required
for miosis will be received. Obviously it is quite possib’e to fly into
extremely high concentrations in which unacceptable doses could be received if
the filter system is not activated prior to entering the cloud. However,
adding the automatic provision adds only a wire, and possibly a relay, if both
a collective system and an alarmm are already instalied. This small additional
cost significantly adds to overall :ystem safety when agents are unexpectedly
encountered with the CB filter in the non-activated mode.

Another use for an alarm is to indicate cabin air concentrations rather
than ambient air concentrations. A single alarm could be located inside the
AAH and sample both outside ambient air and inside cabin air by utilizing air
tubing at the inlet and outlet of the alarm case. Two sets of air tubing
could be used with a selector d;%per so that either inside or outside air
could be sampled. The major problem, which could be a Timiting facto in the
usefulness of alarms on AAH, is the difficulty of decontaminating the alarm
and its air sample tubing after an exposure to thickened agent. A clean
assembly would provide the response characteristic shown in Table 7 for
its first exposure. Once contzminated, however, it is nct clear that cubseque:nt
signals would be accurate nough to be of value. In other words, a clean
alarm would be capable of *sounding the alarm” but would not necessarily b2
able to sound the "all clear” inside the cabin. The use of two alarms, one
inside the cabin and one in the ambient, would somewhat reduce the problem of
contaminated alarms, but not entireiy, since the alarm in ambient air could
sti1l receive thickened agent.

The changes to the AAH recommended in Sectior 10 of this study are un-
affected by alarm performance, but the availability of sensitive, accurate,
and reliable alarms can improve safety and improve mission effectiveness by

allowing increased safe utilization of th> helicopter in a "mask «7f"* condition.
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3. PRESENT AAH CB DETENSE CAPABILITY

(a) Present AAH Components Affecting CB Defense

There are no components in the present AAH specifically designed for C38
warfare, although the particulate filter currently installed will remove a |
significant portion of large particles and aerosols.

The filter system currently installed on the cabin air induction system
was not designed to remove chemical agents but rather was designed to remove

dust. It {is an assembly consisting of multiple cyclene separators, each about

3/4" (1.9 em» {n diameter, assembled in parallel to form the complete filter. Performance

achieved is removal of about 90% of particles over 20 microns in size. Dust
in a helicopter is a major problem due to the rotor downwash during slow
vertical descent. The presently installed dust separator is the result of
many years of development and is presumabl{_satisfactony for its intended
purpose. But unfortunately, thickened agents and aerosols will certainly be
trapped in it to a considerable degree. Besides trapping these agents for
later out-gassing, performance as a dust filter could be adversely affected by
thickened agents. These agents will clog dust outlet passages and generally
coat internal surfaces. Decontamination would be extremely difficult due to
the small complex flow passages, and so replacement of the active filter
element seems the only solution. A new less expensive design would be required
if contaminated elements were to be thrown away.

A more detailed description of the present AAH Environmental Control
System is given in Section 6(a).

There {is one potential CB defense characteristic of the AAH envirun-
mental control system which could conceivably prove to be important, and which
merits further investigation. This is the fact that all air supplied to the
cabin is homentarily raised to 450°F (232°C) as it goes through the shaft-driven
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compressor to the cooling unit. Reference material available for this study
does not discuss a degradation in toxicity of chemical or biological agents
when exposed to this kind of sudden, short duration, high temperature con-

dition.a'g Nevertheless, further testing might revcal that some agents are

detoxified when subjected to the high temperature.

4 See reference 1, p. 11,

3 See reference 2, p.24,

6 Chemical, Biological, Radiological, and Nuclear Defense.
US Army Field Manual FM=40, May 1971.

7 Chemical Reference Handbook.
UeSe Army Field Manual FM 3.8, Jan. 1967.

8 John D. Weisz, Director
UeSe Army Human Engineering Laboratory

Aberdeen, Maryland
Letter from G. Rannenberg, subj; Effect of CB garb on Helicopter Mission

Effectiveness, 12 March 1980.

? G. Rannenberg, ltr from, U.Se Army Aviation Center, Ft. Rucker, AL,,
22 Jan. 1980 (Secret).
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(b) EFFECT OF CHEMICAL AGENT ON AAH EQUIPMENT

Chemical agents can adversely affect vehicle equipment, particularly
plastic surfaces, and therefore coatings to provide protection without altering
equipment function are under development.

Adsorption of chemical agents into the surface of plastics and paints has
been well investigated, and new surface finishes are being developed to combat
it. The present AAH cabin interior, including consoles, floor, etc., is a
black acrylic lacqueralo_ This finish should be changed in the future to one
of the new Army polyurethane finishes being developed especially for their
resistance to adsorption of chemical agents. For detailed information on
these finishes one should contact CSL Aberdeen for a copy of a designer's
handbook now being prepared.

Damage to transparent canopy surfaces by both agents and decontamination
campounds is extremely likely unless steps are taken to prevent it. A surface
finish originally developed to improve scratch resistance of transparent plastics
has proved to significantly reduce both adsorption of agents into the surface,.
and preservation of visual properties. There is some reduction in light trans-
mission due to the coating but its use appears necessary. Detailed information
on these coatings for transparent surfaces are also included in the above-
mentioned handbook.

The effect of chemical agents on dielectric properties of electronic com-
ponents is a concern, but no information on this was made available for the
study. In addition there is the possibility of agents specifically designed to
disrupt electronic equipment. This subject is beyond the scope of this study,
but should specific filters be required in the future to protect electrcnics
cooled by ambient air, such filter requirements could conceivably impact the

cabin envirommental control system.

1
OMilitary Specification,M1L-L-46159, Lacquer Acrylic, low Reflective,
2 Dec 1976, '

53




o~

(c) DECONTAMINATION OF AAH CABIN

(1) Decontamination of Chemicai Agents
Recommended chemical agent decontaminants, while not practical to use on

complex equipment, may be practical for the cockpit floor, foot pedals, etc.
But heat soak with clean hot air may ultimately prove to be the only practical
cabin decontamination technique, due to the sensitivity of complex instruments
and electrical gear to decontaminants.

One summary chart of recommended decontaminants for different chemical
agents 1s shown on Table 8.11 . This reference is not specifically
devoted to aircraft aluminum structures but its content is summarized below.
The solution DS2 referred to is a clear solution coasisting of 70% diethyl-
enetriamine, 28% ethylene glycol monomethyl ether, and 2% sodium hydroxide.
The solution is not highly corrosive to metals, but it will slowly corrode
aluminum, cadmium, tin,and zinc with prolonged contact. The solution softens
and removes new paint, discolors old paint, softens leather, and will damage
rubber, woolens, and synthetics. 0S2 reacts rapidly with GD and HD with
sufficient contact time (30 minutes) in the temperature range of 10 to 50°C.
0S2 is inactivated by water. The usual technique in decontaminating surfaces
with DS2 1s to apply the liquid with a mop or broom, allow it to set for 30

minutes and then to fiush with water.
The solution STB referred to in Table 3 stands for “Super Tropical

Bleach". It is a white powdery mixture of chlorinated lime and calcium
oxide. Freshly prepared STB contains 30% available chlorine, however it
unfortunately evolves chlorine during storage. STB is also corrosive to
metals and fabrics. STB decontaminates mustard, lewisite and G-agents. It
is normally mixed to give a slurry containing 40 parts bleach and 60 parts
water by weight. Decontamination is effected by swabbing the slurry on a

11500 reference 2, p,24,
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TABLE 8_

ON MATERIEL.

Chominl agenty

Musiards (H, HD, HN, HQ, BT) ....

lewisita (L), mustard-lewisits mix-
tare (HL), phenyidichioroarsine
(PD), sthyldichlorcarcine (ED),

Chlorvacetophenone (CN), CN solo-
ton (CNB, CNC, CNS".

White phosphorus (WP) or plasti-
clsed whits phosphores (PWP).

Sulfur tricxide-chlorosulfonis acld
(7s).

*87T3B, slurry, D82, components of
the M13 xit,

%8T3B, sury, DS2, watsr, or
caustia soda.

Large amounts of water or D83 ..

Water followed by alkali eolution®
or D8R,
Sodium hydroxide solutica or DAL .

Watsr or 5-perceat sodium bisalfite.
solution,

Hat sodium earbonats solution, hot
sodium hydroxide, or hot scapy
watsr.

Watar or copper sulfate solution ..

Alkali solution * watsr followsd by
alkali solution® or hot soapy
water.

RECOMMENDED DECONTAMINANTS FOR INDIVIDUAL CHEMICAL AGENTS

HINE
i
1l iig%
B
&E z%gs

, Alkall solutions®

veul properties.

Liquid above 29° ¥. Read{ly scluble
in watar,

CG liquid below 47° .

it
§

CX liquid below 85° P.

! Dosontaminasis oo listed fur chomicsl somts in Neuid or ooild stain In odiftion b &
st chamical ageates (vepers snd Nght csntamization) emmept V- & h d

REFERENCK: FM 3-8
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surface. For decontamination of boots, it is mixed in the ratio of two parts
bleach and three parts soil for use in '"shuffle bixes", in which the crew
would presumably "shuffle' before entering the helicopter. The Earth STB
mixture is also useful for spreading under equipment that has been decon
taminated to neutralize any agent flushed from the equipment during decontamina-
tion procadures.

"High test bleach' {s similar to STB and contains a minimum of 70%
calcium hypochlorite. HTB is recommended ror decontaminating individuals and
personal protective equipmentmlzsix ounces of HIB and six ounces of detergent
are dissolved in 12 gallons of water to make 12 gallons of decontaminating
solution. Wew solutions must be replaced daily during an alert because of

chlorine loss,

Another excellent source of procedures for decontaminating aircraft
interiors is TM 3-220.13 Paragraph 35f of this ™ calls for the use of hot,
soapy water or self-emulsifying degreasing solvent to remove chemical contamina-
tion. To be more specific, a non-ionic detergent is best, considering the
problem of non-ferrous metals, slectrical equipment, and electronics. A non-
ionic detergent has the advantages of being both non-conductive and a better
surface displicenent agent, and does not leave a residue.

Also, whenever aqueous solutions are used on or near electrical circuitry,
it is advisable to treat these areas with a drying agent such as lebutanol
(from a spray can) to displace the water.

The following detergents have been recommended:

a. NSN 7930-00-249-8036, Detergent, General Purpose

12See reference 2, p.24.

13
‘TM 3.220; Chemical, Biological, and Radiological {CBR) Decontamination;
Department of the Army, Nov 1967.
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b. NSN 7930-00-634-1362, Detergent, General Purpose
c. NSN 7930-00-515-2477, Detergent, General Purpose
These are generally recommended for decon because of their high alkalinity,

which destroys G-agents. These detergents are suitable for aircraft interior

decon, but may lead to unacceptable corrosion of bare metal areas and electrical

short circuits because of their icnic nature.

To avoid these possible problems, and to take advantage of the superior
surface displacement properties of non-ionic detergents, the following 1is
recommended:

a. NSN 7930-00-282-9699, Detergent, General Purpose (Liquid, Non-
ionic) MIL-D-16791E, Type I (Water-soluable, Non-ionic). The
detergent is mixed with water at a concentration of 1 ounce per
gallon. '

b. 1-Butanol in a spray can, standard lab item

Other methods of decontaminating equipment inciude the use of heat and
weathering. It is in this last area, heat and weathering, that the most
oractical approach to decontaminating the AAH cabin probably lies.

Heat increases the rate of any chemical reaction. An old fashioned rule

of thumb is that the rate of a chemical reaction doubles for each 10°C.

Weathering is the term used to describe the relatively slow chemical decomposition

process