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SECTION I. GERERAL
Part 1. Purposs of this Chopter

9770.1.

It is necessary that dll officers and men of the Fleet be
supplied with practical, accurate, and up-to-date informe-
tion on hiological and chemical warfare (BW/CW) defense
ot sea. A wide variety of manuals and other documents
issued by the Navy, Marlne Coms, and other services
furnishes general or specidlized data on many aspects of
BW/CW defense. A selection of these is listed In the
Bibliography. None, however, deals directly with prob-
lems of BW/CW defense at sea. The purpose of this
chapter is to provide the information lacking or not readily
availgble elsewhere, and to combine it into 6 practical
ond effective shipboard system. Particular attention is
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called to “Disaster Control Ashors and Afleat'’ NAVPERS
108994, a Navy training manual in BW/CW defense opera-
tions. Where differences exist, this chapter will take
precedence over the information of NAVPERS 10899A.

Part 2. Orientation in. BW/CW ot 3e0

9770.11

The active materials or "agents’’ of present-day
hiological warfare (BW) and chemical warfare (CW) include
a variety of microbes® (BW agents) and poisons (CW
agents). These have been selected for their ability to
cause temporary incapacitotion, sickness, or death in per-
sornel ¢t seq or ashore. In bulk form, these agents are
liquids, slurries of powders in water, or concentrated dry
powders. In modem tactical use the agents are generally
atomized in the ais to give gerosols {microscoplc airborne
solid particles, fine sprays, or mists) vapors, or guses.
For practical purposes, BW/CW ogents In these forms
ae odorless; colarless, tasteless, and invisible, However,
a concentrated spray or gerosol cloud may be temporarily
visible adjocent to an exploded or spraying munition. In
addition, most BW/CW agents produce no pain® cx other
sensation until physiological damage is well under way.
These properties allow an attacker 1o gain and hold the
military advantages of surprise and concealment 1o o degree
that is unique. Consequently, BW/CW agents are powerful
and versatile moterials of war.

The CW agents and weapams of World Wars I and I did
not pose a major threat to the 1.S. Fleet. The CW agents
of that period were less toxic than the present nerve agents
and lacked lethallty by skin penetration. In addition, the
mohility and dispersal of Fleet units made their personnel
poar targets for CW weapons compared with troop concente-
tions ashore. It was also reasoned during World War I
that any CW attack on ships could be bettered by conven-
tional attack with high-explosive bombs, shells, or
torpedoes. Later, with the postwar development of nuclear
weapans, it appeared that toxic warfare ot sea was a dead

issue.

- Two foctars have combined to modify these cpinlons.
The first was intemational development, In the 1945-55
decade, of the large family of CW nerve agents. This
group includes the "'V and G"' series of agents.

‘Although these vary widely in physical properties, all are

extremely toxic. The second factor was the advanced
development of agents, weapons, and use-concepts of BW.
Of particular interest o Naval forces is the possibility of
contaminating the atmosphere over thousands of square
miles of the earth’s surface in a concealed attack by o
single aircraft or submarine.

YMicro-crganism’’, ““pathogen’’, and *'germ’’ are

interchangedble with the word "'microbe’’.

*Exceptions are the relatively harmless tear gases and
riot agents which are intended to produce temporary but
immediate and intense irritation of the eyes and respiratory
system; the toxic agents CK and CX have similar immediate
effects, which @e incidental 1o their lethal purpose.
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Although BW and CW agents are entirely different in
their detailed effects on the human body and in the medical
tregtment required, and are also very different in their
speed of action, the U.S. Navy has found it useful to
consider BW and CW as a single system of toxic warfare
for defensive purposes. Several good reasons exist for this
policy. In the first place, the delivery weapons are fre-
quently simifar, if not interchangeable, for BW and CW
agents. Secondly, the movement of both kinds of agents
frem munition to target is generally in cerosol or vapor
form, carried and controlled by wind and weather. Thirdly,
many items and procedures of physical defense, such as
the protective mask and clothing, decontamination, wash-
down and collective protection, are identical in BW and
CW. These practical similarities in the defensive aspects
of BW and CW have led to a new Navy classification of BW
and CW agents which cuts across traditional agent group-
ings. All BW or CW agents which require the individual to
wear both the protective mask and protective clothing fall
into the MC (Mask and Clothing) group. Other BW and CW
agents, against which odequate protection is given by the
mask alone, are in the MO (Mask Only) group.

It is desirable that at} Naval personnel understand fully
the reasons which have led to a single defense system for
BW/CW at sea. It also is desirable that the differences in
the gffensive characteristics and uses of BW and CW
agents be understood. Another striking difference is in
the quantities of BW and CW agents required for a single
lethal dose.

For example, a typical lethal BW microbe is a sphere
cbout one micron (1/10,000 centimeter or 1/25,000 inch)
in diameter, and 100 of them is an ample military dose when
inhaled. A calculation shows that one cubic centimeter of
a 50-50 slurry of microbes and water contains 109,
or ten billion lethal doses. Turning to CW agents of
the highly toxic nerve agent group, a lethal dose by
inhalation is about half a milligram, and there are roughly
1800 lethal doses per cubic centimeter. The BW agent,
in its munition, is then about 5 million times as deadly as
the CW agent. 1f 95 percent of the microbes are killed by
sunlight or by drying on their airbome route to the target, :
the BW agent still has a 250,000 fold adventage in lethality
at the target.

Calculations like the one just made, taken together with
the incubation time of BW disease, show why BW agents
appedr to have the potential for producing delayed effects
over very large areas as well as ovet smaller areas. CW
agents, on the other hand, find their preferred use in

"t is at just this point that the operational unknowns of
EW are concentrated. Complete information is not yet
available an the extent to which airborne BW organisms can,
in spite of the damaging effects of dehydration md sun-
light over periods of many hours, remain alive and capable
of infecting. Under ideal conditions, the death rate of afr-
berne BW organisms between munitions and distont target
may be less than 95 percent. More commonly, it can be
higher. However, there is no doubt about the ability of
lifeless particles of the BW-agent size to travel long
distances while airbome.
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producing casualties quickly over areas of ¢ square mile
or less, or on a single ship.

Differences in detectability also are important in undes-
standing the offensive uses and effects of BW and CW. The
present first-line detection device* for CW spray a aerosols
has the capability for instant response. A CW attacker,
therefore, must count on the probability that an alert and
highly trained ship will; {a) begin post-attack counter-
measures immediately, {b) carry them out effectively with
minimum interference to other responsibilities, and (c)
experience relatively few casualties.

BW detection devices, comparable with the CW items in
speed and simplicity, are not available for shipboard use.
Early indications of a BW attack may exist, but they will
probably be indirect and inferential. Detection of any kind
may be delayed until the appearance of disease symptoms
arouses suspicion. An attackert, therefore, can assume that
no prompt countermeasures will be taken as g direct result
of the attack unless he himself reveals the attack by his
actions. However, he must alse recognize that there will
be no reducticn in the combat effectiveness of the target
until the incubotion period of the disease has elapsed.

BW, therefore, is a large-areq, delayed-oction weapon.
The munitions can be carried in relative security to a line
far upwind of the target force or ares. From this line the
gerosol moves with the prevailing wind on a collisicn
course with the target. As soon as aerosol generation is
completed, the tanks or floats con be jettisoned or sunk,
leaving no trace of their presence.

The following is a brief summary of factors which make
BW, md to a degree, CW, remarkably well adapted to use at
sed.

1. BW is potentially capable of contamination cover-
ages of the order of thousands of square miles, such as the
@ea occupied by a naval task force.

2. Any side of a high-seas target can be reached in
concealment for discharge of BW/CW agents into the otmos-
phete. To a degree this is also true of islands and coastal
areas. :

3. The submarine or floating spray-munitions are
effective means of discharging BW/CW cerosols ot no risk
to personnel conducting an attack.

4. There is less waste of BW/CW agents by vertical
diffusion in marine atmospheres than ashore. (As a rule,
the atmosphere over the ocean is more stable than the
atmosphere over land.)

Part 3. Basic foctors in BW/CW ot sea

9770.2). GENERAL EFFECTS ON PERSONNEL
Although the effects of BW/CW agents are purely

_atipersonnel,® they nevertheless vary over the entire range

MEA] Detector Paper, continuously observed.

SBW agents may include certoin materials of war
designed to weaken or destroy food crops and domestic
animals. In a similar sense CW agents may include incendi-
ary materials and screening smokes. Such materials are
of secondary Interest for the purpose of this chapter.

2
ORIGINAL
1 April 1947



of the most deadly to the merely incapacitating diseases
and poisans.

BW effects are those of comparatively rare human
diseases (such as anthzax or plague), but even these can
be modified by the use of new and more virulent or antibiotic-
resistant strains of microbes, and by heavier doses than
those common in natural infection.

The effects of CW agents cover an even wider range
than the BW effects. The newer incapacitating agents {such
as the riot-control agent CS, a strong eye and respiratory
Arritant) are more effective than the tear gases and vomiting
gases of World Wars I and II. They dlso include agents
which cause various kinds of temporary mental or person-
ality upsets. Some of these can seriously offect a person’s
judgment, working accuracy, and general relicbility, all
while he is unaware of his deficiencies. Musteard gas {HD)
continues 1o be an cutstanding CW agent for producing
dischilities® among both masked and unmasked personnel.
The nerve agents (G- ot V- series) attack by the same
routes as mustard gas (through the eyes, respiratory system,
or skin) to cause temparory incapacitation or rapid degth.
.In oddition, the nerve agents are effective in much smaller
amounts than mustard.

In addition to the netve agents and mustard, other
powerful CW agents exist. They are mentianed in Appendix
A and provision is made for their identification-detection
1n the detector kits. The probabllity of large scale use of
such agents as phosgene, cyanogen chloride, phosgene
oxime, nitrogen mustard, and the arsenicals is considered
to be very small, however, because nane of them has a
lethality or incapacitating power against masked personnel
comparable with the V, G, and HD agents. Nevertheless,
it is recognized that the unexpected use of a less common
.agent would have tactical value against poorly trained
persormel.

9770. 2. THE TIME FACTOR IN BW/CW

The speed with which individual BW/CW agents act on
personnel, as well as the time required for the victims’
recovery, are related to the Umes, places, and sltuations
in which BW/CW atwicks are most likely to be made. The
symptoms of BW diseases generally do not appear until days
or weeks after exposure to the agents, and recovery—if
recovery occurs—nay require days of weeks more, This
means the BW agents are not quick-octing tactical weapans,
but are best used for delayed effects against convoys,
advance bases, repair focilitles, shipyords, presortie
concentrations of ships, task groups at seq, and clvillon
populations. CW agents, an the other hand, can be selected
for elther immediate or delayed action, for brief or pro-
longed disability, or for temporary physical or mental in-
cupacitation. In general, however, CW agents are best
adapted for quick antipersonnel effects. CW ogents can be

Of the total [J.5. Army and Merine Cotps battle
casualties in World War I (272,000), 27 percent were cqused
by CW agents, mainly mustard. However, of the CW casual-
tles, only two percent died, compgred with 26 percent
deaths amogg non-CW casualties. The gverage U.S. musiard
casualty spent 60 doys in a hospital.
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mixed, os can BW ogents, to obtain combinations of proper-
ties, and to complicate and confuse the defense, This was
a common practice in World War [. For example, small
amounts of a rict-contral agent can be mixed with a lethal
agent; the effects of the riot-control agent can delay mask-
ing, and so prolong inhalation of the lethal material.

9770.23. THE DELIVERY OF BW/CW AGENTS: THE
ELEMENT OF SURPRISE

The methods and conditions suitable for delivering
BW/CW agents to their targets are to d large extent
influenced by the properties of the agents themselves. For
example, BW agents are effective in remarkably small
doses—about one ten-millionth of a milligram—but require
at least several days for the disease to develop. Also
because they narmally invade the body by inhalation, the
Mark V protective mask can give excellent protection 1o
the wearer against BW microbes. These factors suggest
attack procedures so designed and executed that they are -
undetected until the disease erupts in the target person-
nel. To promote concealment and surprise, as well as to
ald in covering very large areas, BW attacks from long
distmces will be favored. However, under conditions
particularly suitable for concealment, g close-in attack
on one or a few ships, or on @ shate installation, is pract-
col and, to promote economy of agent or survival of the
microbes, may be preferred.

Lethal CW agents, on the other hand, are effective only
if milligram quantities are inhaled or deposited on the body.
Their action is generally rapid and occurs in seconds to
minutes if the agent is inhaled or received in the eyes. Skin
penetration requires minutes to hours. For efficient depo-
sltion on the skin of personnel, very small or freefloating
particles are not desirable {see Table 9770-2). On the other
hand, a CW attack designed for inhalation only will employ
a true vapor or a small-particle aerosol. To be sure of
hitting or intercepting the target ship, it, like the attack
with large droplets, must be made from relatively close in.

The preferred size for a particular aerosol depends on.
its intended function and on the conditions under which it
is to be used. For example, BW aerosols must be capable
of penetrating deep into the human respiratory system and
depositing thete, and should be capable of floating in air
for mony hours. Particles smaller than 0.5 micron are
readlly inhaled, but ore also exhaled without extensive
deposition in the lungs. Particles larger than 5.microns
may fail to enter the respiratory system or may be filtered
out in the nose. Therefore, the maximum allowable size
for BW particles is five microns, and one to two microns is
considered ideal. In contrast, windbome particles of CW
derosols must be capable of striking and adhering to men
and their clothing, not moving around and past them as will
o BW aerosol. Moreover, CW aerosol particles need not
remain airbome for more than a few minutes at most. In
fact, it is usually necessary that they drop anto a target
rapidly to give little time for protective countemeasures
to be wken after an alrburst missile or sproying alrcraft
is cbserved.

Some common aerosols and their characteristic sizes
gre: tobacco smeke, 1/2 micton; fog and cloud, 2 1070
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microns; and mist, 70 to 200 microns. With drizzle, 200-500
microns, the airbome period is relatively short, and the
rote of fall becomes noticeable; it is at thetop of the size
range of aerosols.

In summary, becquse BW agents produce their effects
primarily by inhalation, (eating and drinking food and
water which has been secretly contaminated is a less
prcbable means of BW infection), BW tactics and munitions
must emphasize fectors which make for deep penetration of
the lungs and little impaction on surfaces. The most im-
partant of such factors 13 a very small particle size—one
to five microns. CW agents, on the other hand, are effec-
tive both by inhalation and through the skin. The latter
route is favored especially against well-tralned forces,
since it is harder to protect the entlre body than the respira-
tory system alone. CW tactics and munitiens therefore will
nomally attempt to optimize factors making for impaction
of liquid agent particles on the body; inhalation cesualties
can be regarded as incidental. The most important of the
factors which facilitate impaction is a large particle size,
probably of 100 microns and up.

9770.24. BC/CW WEAPONS

The weapons or munitions of BW/CW—the hardware of
agent delivery—exdst in unusual variety. This is a lagical
consequence of the variation in the hiclogical and physical
properties of the agents, and in their tactical applications.

The more conventional BW/CW munitions include bombs
andbomblets, rockets, thermal aerosol generators (resemb-
ling smoke grenades, smake pots or smoke floats) aircraft
spray tanks, artillery and mortar shells, and other explosive
aor spraying devices. In the explosive munitions, part of
the usual high-explosive charge is replaced by agent.

When such a filling is used in proximity-fuzed projectiles,
a BW/CW attack con be made accurately on large or small,
stationary or moving targets regardless of wind or weather.
The effectiveness of the attack, however, usually will be
greater for low relative wind speeds en the target because
of slower dispersal and dilution of the sprayed and/or
vaporized agentby the wind. In o conventional-weapon
attack the element of surprise 1s weakened, but it will still
contribute to the effectiveness of the attack if the ship is
unable to recognize quickly the presence of the BW/CW
agent.

It is believed that BW/CW agents will be delivered,
whenever possible, by speclal weapons particularly designed
to explait their special military advantages. These ad-
vantages are the ability to kill or incapacitate by means
which are noiseless, odorless, invisible, and difficult or
impossible to detect quickly, either by the human senses
or by instuments. By appropriate special weapons, not
only can initial surprise be gained through concealment of
the attack itself, but also surprise may be maintained until
the appearance of casualti es in the exposed personnel.
This unusual principle of warfare—initial and sustained
surprise—canbe carried out, for example, by large-scale BW
contamination of the atmesphere upwind of naval forces or
bases, or by concealed BW or CW contamination of supplies
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of food or water. The highly concentrated nature of pack-
aged BWY slurries or powders makes BW agents a ‘"natural®
for large-scale atmospheric contamination, using submarines,
subsurface or floating aerosol generators, torpedoes, o
spray from missiles or aircrait. :

The use of insect "'vectars’! s also an efficient, though
limited, means of making a BW attack. Hungry mosquitoes,
for example, may *‘home {n’ on humans from o considerable
distance and transmit a disease with which they have
previously been infected. This technique 1s a military
adaptation ofthe means by which malaria and other troplcal
diseases are commonly trensmitted.

9770.25. WEATHER AND GEOGRAPHIC FACTORS

The preferred, or maximum-surprise, BW/CW atmack,
therefare, employs an aerosol which travels with the wind
for a considerable distance from the point of release. Such
an aerosol will necessarily be subject to hodzental and
vertical air currents. It will be useful to recognize that,
in such case, the wind is actually an extension or an am
of the primary munition, just as the wind carrles @ ragweed-
pollen aerosol fram the weed to the allergic victim.

This hasic dependence of offenslve BW/CW on the
relative wind for delivery of airbome agents Is both a
strength and a weakness. That is, the wind can be used 0
distribute and deliver the airbome BW/CW agents from alr,
surface, or subsurface munitlons upwind of the target ship
or force. On the other hand, if thetrue wind is strong and
qusty, if the direction of the relative wind at the target is
unpredictable, or 1f a position upwind of the target is inac-
cessible, then on attack will be unfavorable os for as
weather considerations are concemed.

In addition to the wind itself, two other weather foctors
are of major importance in the effectiveness of BW/CW
attacks. These are precipltation and the vertical tempera-
ture gradient in the lower amosphere. Heavy and extended
rain or snow will graducally wash the air clean of all sus-
pended matter, but short, light precipitation Is of little
help in cleaning the air.

Nomally, the air temperature decreases with an in-
crease in altilude, as any gas cools when it expends, and
the rote of decrease is known as the temperature gadient.
When the temperatuze decreases 5.5° F. pet 1000 feet ald-
tude in dry air or 2,89 F. per 1000 feet in saturated air,
the gradient is neutral and a neutral stahility condition pre-
vuils. This condition is also described as the adiabatic
lapse rate. Neutral stability is promoted by overcast skies
and a sea-surface temperature equal to the air temperature.
A visible indication of the neutral qredient is the tendency
fox the funnel smoke plume, when seme distance from a
ship, to stream at constant altitude without rising or falling.

When the temperature gradient s larger than the figures
given above, the air becomes unstable. A sea surfoce
wamer than the aiz, the presence of a cold alr mass, and
teight sunlight ¢ll contribute to atnospheric instability.
Visual indications of this condition are good visibility ond
a tendency for funnel smoke to rise continuously (see figure
g770-1).
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Figure 9770-1. 5hip's smoke rising, an indication of a thermally unswhle atmosphere.

Figure 9770-2. Ship’s smoke falling, an indication of @ thermally stable atmosphere.
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The ammosphere increases in stability as the temperature
gradient decreases. In a temperature inversion (tempera-
tre increases with altitude) the atmosphere is extremely
stable. It results from a sea surface which is cooler than
the gir. Mixing of the lower atmosphere in this condition
is produced only by strong winds. A visible indication of a
stahle lower atmosphere is the tendency for funnel smoke
to drift down to the sea surface with little vertical spread
(see figure 9770-2).

A peculiar combination of temperature gradients occurs
in certain areas at sea and ashore when the lower levels of
the atmosphere undergo some mixing due to an unstable
gradient or neutral-gradient-plus-wind condition, but are
topped by an inversion "‘cap’ or "'1ld’’. A visible clue to
such an inversion is the rising of smoke or smog to o few
hundred feet, then flattening out as if held down by an im-
penetrable ceiling.

The importance of atmospheric stability to BW/CW is
evident when it is considered that the path followed by
visible smoke represents closely the path which invisible
airbome BW/CW agents would follow. With much vertical
mixing of the air, such as results from themol effects or
strong winds, conditions are unfavorable {but not pro-
hibitive} for BW/CW, because a large amount of agent is
wasted by mixing into air layers above those occupied by
the targets. Thus, abnommally large quantities of agent must
be delivered and dispersed for a given task. On the other
hand, in a stable temperature gradient with winds no more
than moderate, or under an inversion cap, the use of BW/CW
agents becomes much more efficient because more of the
agent remains in the alr layer occupied by the targets.
When BW agents can be dispersed in a large ard stable
mass of moving air, very large aregs of sea or land can be
swept by the gerosol.

In addition to the effects of air movement and atmos-
pheric stahility on the use of biclogical and chemical war-

fare agents, there is the everpresent factor of direct tempera-

ture effects on the agents themselves. Although tempera-
ture affects the success or probability of BW and CW oper-
ations for different reasons, it is a major factor in both. In
the case of BW, the facts are simple: cold greatly lengthens
the life span of BW microbes, and in hot environments they

live out their life spans more rapidly. Other things being
equal, at low temperatures a given BW attack om be made
with less agent, and a relatively large downwind coverage
can be expected.

The connection between temperature and CW operations
is less direct. However, the general effect of low tempera-
ture on CW is to lower the speed of evaporation of the
liquid agents and to reduce the attainable concentrations
of vapor. Thus, the airbome droplets of CW agents can
travel with the wind longer before evaporoting and, after
falling or impacting on the ship, they willremain longer as
a skin-contact hazard. Once CW liquids are deposited on
ship surfaces, their speed of evaporation will depend on
surface temperatures instead of air temperatures, and on
wind speed. In general, therefore, lower temperatures
favar CW attacks designed to reach the target with liquid
particles, and higher temperatures favor CW vapor attacks.
Further, warm weather can radically increase the effective-
ness of liquid CW agents against topside personnel if it
results in reduced body coverage by clothing.

Finally, there are weather factors which are important
in BW operations only, because of the fact that BW agents
are living organisms. These factors are relative humidity
ond sunlight. They are important because certaln levels
of either can render the atmosphere friendly ot hostile 10
most BW arganisms. Very low (20 to 25 percent or less),
and very high (70 10 75 percent -ond above) relative humidi-
ties are favorable for long lifetimes of most alrbome BW
microbes. Intermediate relative humidities tend to promote
a high death rate in BW crganisms, hut the use of a pro-
tective material may reduce such adverse effects.

The ultraviolet portion of direct sunlight is the most
effective natural destroyer of all airbome microorganisms,
including BW agents. Here, too, there has been same suc-
cess in reducing the effectiveness of this natural enemy of
BW by protecting the BW microbes with opaque materials,
such as corban black or ultraviolet-absarbing dyes. Never-
theless, it must be assumed that overcast days and,
especially, the bours of darkness are the fovorable periods
for offensive BW operations. This means that a sunlight
attack, if made, should reach the target within minutes, or
at most within a hour or so, if excessive agent death is to
be avolded. Conversely, when a BW attack is made at

Table 9770-1. influsnce of seme stmespheric conditiens sn BW/CW aparutions at ses.

Temperature Stability of

T

the Lowes Atmasphers and Nind Spweds (knots)
Frequently Associated
Conditions 0-10 10-20 20 plus
Neutral Stability
Air and sea surface tempetatures are equal. Skies overcast., Favorable Indifferent Unfaverable
Unstoble ’
Sea-surface temperature warmer than gir, bright sunshine, cold air Indifferent Unfavorable Very

mass, good visibility, clouds aloft, qusty and varigble winds. Unfavorable
Stable
Sea-surface temperature colder than air, darkness, warm gir Highly Favorable Unfavarable
mass, fog, high rel ative humidity, poor visibility. Favorable
6
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dusk, at night, or during a heavy overcast, less loss of the
agent takes place, ond downwind effectiveness may con-
tinue for long distances, provided that there ore no bright
sunlight periods to which the microbes are exposed. It is
interesting to note the unique adaptobility of the arctic
night and twilight to BW operations.

In summary, a full consideration of the influence of
weather factors on BW/CW operations at sea is of porticular
importance to an efficient defense. Some of these faciors
-and the approximate extent to which they favor or oppose
BW and CW attack are given in Table 9770-1.

9770.26. THE DYNAMIC BEHAVIOR OF SMALL AIR-
BORNE PARTICLES; THEIR COLLISION WITH
OBSTACLES

It has been painted out that BW/CW agents most proba-
bly will be met in the form of very small airbome particles.
The inhalation of such particles, as well as their depo-
sition on the human body and on ship stuctures, follows
certain laws which are fairly simple and understandable
but not widely appreciated. Since an understanding of the
effects of these laws will cantribute to intelligent and ef-
ficient personnel protection in BW/CW, the general effects
are outlined and a few numerical data given.

For particles to remain airbome for appreciable periods
of time, their rates of fall in quiet air must be slow. The
atrbome period for slow-settling particles of a given slze
is greatly lengthened by vertical mixing or turbulence of
the lower amosphere. For example, although ragweed
pollen particles settle in absolutely still air at a rate of
three feet per minute, in accordance with their diameter of
about 20 microns, ragweed allergy victims know that the
pollen cun be found at considerable distances from the
growing weed, and at appreciable altitudes’. BW particles,
which ideally are all less than two microns in diameter,
show a still-air settling rate of 1/4 inch per minute or less.
For practical purposes, their settling rate inmoving air is
zero. This is because moving air is naturally turbulent,
and turbulence results in mixing, For particles having a
very small settling rate in still air, the mixing effect of
turbulent air neutralizes gravitatonal settling.

For afr-suspended particles to be militarily effective
aguinst personnel, they must not only remain airbame long

"One source reports that pollens have been collected at
heights of 4000 feet abave ground level, as well as at sea
level in the mid-Atlantic Ocean.
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enough to reach the targets, but they must also inpact an
the ship or personnel, or be inhaled. It is notewarthy that
these two foctors, inhalation of small particles and impac=
tion of small particles on the body, are to some extent con-
tradictory for a given particle size. Far example, particles
under five microns, which can remain airborne for very long
pericds, are readily inhalable but show negligible impaction
on the smoothly clothed human body, On the other hand,
the relatively large particles {about 75 mictons and larger)
which impoct readily on the smoothly clothed humem body
can remain airbome in nonturbulent air for less than a
minute, and such particles are not readily inhalable.

However, most of the practical methods for generoting
air suspensions of particles yield a considerable range
of sizes in addition to the size desired fot o particular
BW/CW mission and agent. The largest particles may set-
tle out close tothe generator or point of origin, and as the
particles travel downwind, the average size becomes smal-
ler and the settling and impaction characteristics more
uniform.

Table 9770-2 summarizes some characteristics of BW/CW
and other aerosols. All of the characteristics shown are
closely related to the tendency of the varicus sizes to
settle or impact on various sutfaces. Table 9770-3 shows
the impaction efficiency of three sizes of airbome particles,
moving at three different wind speeds, on cylindrical ob-
jects with diameters of 0.002, 0.1, 1.0, and 10 inches.
These cylinder diameters are rcughly typical of a human
hair, a small wire, a stanchion or cable, and the human
body considered as a ten-inch cylinder. The data of Table
3 on the impaction of small particles on the human body,
which is considered as a smoothly clothed ten-inch cylinder,
are not entirely realistic in that they do not take into ac-
count the added and often highly efficient collection capa-
bility of the fiber fuzz which projects from al! woven fabrics,
and of the fine hair which covers all of the body except
palms and soles. 1t is not practical at present to calculate
the collection efficiency of fine hairs and fibers which are
attached to large cylinders, but their additicnal effect
should be noted.*

*Water droplets in fog & cloud, which have regligible
tendency to settle or impinge on large slow-moving objects,
are noticeably collected by spiderweb, by the nap of wocl
clothing, and by the hair of the eyehrows, etc. Spider-
web is, in fact, scmetimes used as a collecting device far
fine airbame particles. For the same reason, antenna wires,
signal halliards, and the smaller sizes of monila and wire
rope collect appreciably more water droplets (per square inch
of surface) from fog and mist than do stacks, masts, and
other large surfaces of the ship. The same principle is
demonstrated in the icing of ship and aircraft surfoces.
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Table 9770-2.

Size (Microns)

0.1 1 5 20 60 100 400 1000
Typical Particles ~+— Tobacco Smokes #Fog—im o Mista—¢DrizzlogpueRain ——p
oo Pollen —»- ' | |
Atmospheric Dust ~¢- Permanent -w~ |-¢Temporary Atmospheric —= e—Hsavy tndustrial —
Atmospheric Impurities : Dust
Impuritias

—— Nuclear Fallout .
Reaching Surface
Within 24 Hours

Settling Speed in 0,00007! 0.007 0.15 2.4 22 60 500 800
Still Air {fpm)
Behavior in Respiratory Inhaled | Inhaled |Inhaled and Retained in Noae Not Inhaled
System and and
Exhaled | Retainad
in Lungs

Favorable BW Sizes
{inhalation Only)

'y
{

Favorable CW Sizes - -
{For Inhalation)

Favorable BW/CW Sizes : -
(For Impaction an

Body and Clothes at 10 kt)

Y

Favorcbla BW/CW Sizes
(For Impaction on
Body and Clothes at 30 kt)

&
r

Table 9770-2. BW/CW and other aerosols: variation of aerosol particle size with aerosol types, properties and usaes.
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Table 9770.3 Approximate impaction sfficieacy of small ore continucusly ventilated with weather air to some deqree,

porticles om cylinders ot ditfarent wind under all material conditions and degrees of closure pre-
speeds. sently gvailable, Theory and practical tests show that there
Is no *'gastight envelope’ on any type of ship, with the
Particle Wind Cylinder Impaction exception of submerged submarines.
Diameter, d Speed, § Diameter, D, Etficiency, E The narmal ventilation rates, expressed as rates of
{microns) {knots) (inches) (percent) change {or ‘R of C**) for some typical Spaces on A Worcester
_ class cruiser are shown below:
5 1 0.002 15 RofC
0.1 0 Spaces {Minutes per Change)
1 0 Galley 0.
10 0 Radio, rodar, sonar, laundry 1
5 10 0.002 75 Washroom, head, shower 2
0.1 0 Messing, berthing 335
1 0 Magazine, shop, wardroom 4
10 0 Windlass 15
5 30 0.002 100 An average rate of change for spaces in which little heat
0.l 15 Is generated is three minutes per change. In air-conditioned
1 0 spaces, the caresponding R of C 1s approximately 20 to 30
10 0 minutes per change, although air within the air-conditioned
50 1 0.002 100 compartment is recirculated over cooling calls at a much
0.1 0 higher rate.
1 0 In materjal condition Zebra, with X-ray, Yoke, and Circle
10 0 William fittings closed, all nonessentia] fans and blowers
0 10 0.002 100 are secured, and the ship is expected tobe in a satis-
0.1 100 factary condjtion of watertight integrity, However, it is not
1 50 genuinely airtight. This is particularly true above the
10 0 damoge-control deck or armor deck, and it also applies to
50 30 0.002 100 a lesser degree within “‘armored bax.”” Even compartments
0.1 100 which pass a *pressure test’* are only shown by the test
1 75 to have air leakage of less than a specified amount.® In
10 15 fact, the pressure test recognizes and accepts the principle
290 1 0.002 100 that alir legks are difflcult to eliminate, and requires only
0.1 100 that the leakage shall not exceed a certain figure which is
1 75 adequate to prevent progressive serious flooding.
10 15 A typical standard pressure test requirement (chapter
250 10 0.002 100 9880} 1s that g compartment pressurized to 4 ounces per
0.1 100 square inch shall not show a pressure drop of more than 2
1 100 ounces per square inch in ten minutes. This pressure drop
10 75 cortesponds to a leakage of 1 cimior a 1200-cuble-foot com-
230 30 0.002 100 - partment, o anR of C of 1200 minutes per change and
0.1 100 demanstrates that compartments, including doors and
1 100 hatches, can be constructed to very tight standards. In
10 100 practice, however, tests on operating ships shew gverall
leak rates for in excess of that suggested by pressure tests
on new compartments.
What are the sowrces of leaks in a well *’buttoned-up”
9770.27 PENETRATION OF AEROSOLS AND YAPORS ship? In the first place, spaces on or above the amor
INTO SHIPS; YENTILATION CONTROL deck or damoge-control deck may be served by ventilation
t. Principles and Bosic Information. intake and exhoust ducts which have no closures at any
The importance of the watertight inteqrity of ships is point in the system. Natural ventilation through these
well-known to every Nevy man. Combatant ships—and to systems, during typical cruising conditions, is estimated
lesser degrees, auxiliaries—are subdivided ond endosed to average about five percent of the powered ventilation rate.
with watertight decks, bulkheads, doars, hatches, and Secondly, thete are structural leaks through defective welds,
interjor ventilation valves or closures® to prevent progres- through aluminum-to-stee! jeins, through glands and stuff-
sive flooding of the ship by water which has entered a ———
battle-damaged comporiment. Many compartments well *Nowval Ships Technical Manual, Chapter 9380.
above the normal watedineare dso required © be water *Navol Ship Technical Manual, Chapters 9290 and
tight in order to provide reserve buoyancy. A less-known 9880; General Specifications fer the Ships of the U.S. Navy
fact is that gll Navy ships, with exceptian of submarines, 529-8-d through q.
Chopter 9770 9
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ing boxes, etc. Thirdly, there are the bypass lecks through
dears, hatches, portholes and closures. These can be made
very slight when gaskets and knife edges are in top condi-
tion and tightening is done carrectly. However, where the
mating surfaces are worn or warped, where rubber goskets
are cut, marred, hardened, or pointed, and where closing
pressures are uneven, lecks can become surprisingly large.
Evenunder conditions of excellent maintenance** and cor-
rect operation, the existing leaks are usually increcsed by
the **working’’ of the ship in ¢ seaway. Fourthly, very

large air leaks can result from breaching the airtight and
watertight integrity of the ship’s Zebra material condition, or
by unauthorized opening of doars, etc. The total effect

of these various leaks is that all parts of a ship are venti-
lated to a greater or less degtee, although this ventilation
often is unintentional and unsuspected. In general, compart-

ments remote fram the weather have less natural ventilation
than those close to the weather, but this is not o fixed
rule.

The force that pushes air into the ship through the many
unrecoqnized and difficult-to-detect leaks of various kinds
is the relative wind. The ram presswe, ar velocity pres-
sure, against all parts of the ship facing the relative wind
can be calculated by the formulas:

(relative wind speed, knots)}
P, inches of water=

1570
(relative wind speed, knots)?
P, pounds per square foot=

300
(relative wind speed, knots)?
P, pounds per square inch=

43400

Table 9770-4. Yalocity air presssre resulting from relative wind.

Ralative Wind Spead

Ram, or Yelocity, Air Pressure

{knots) Inches of Water Pounds per sq H. Pounds per sq in. Ounces per aq in.
1 0.00064 0.0033 0.000023 0.00037
2 0.0025 0.013 0.000052 0.0015
5 0.016 0.083 0.00058 0.0092
10 0.064 0.33 0.0023 0.037
20 0.25 1.33 0.0092 0.15
30 0.57 2.98 0,021 0.33
40 1.02 5.26 0.036 0.58
50 1.60 8.30 0.058 0.92
56 2.00 10.4 0.072 1.16
60 230 12.0 0.083 1.33
80 4.08 21.2 0.15 2.36
100 6.38 3.2 0.23 3.68
The above discussion makes clear that a buttoned-up relative wind speed, kmots)?
ship at sea, where it is constantly exposed to the ram pres- P, cunces per square inch=
sure of the relative wind, will be ventilated continuously 700

through air lecks of various kinds. The totaleffect of such
gir leaks on the ship's watertight integrity may be insigni-
ficant, but it poses a serious problem with regard to the in-
gress of BW/CW agents.

“Naval Ships Technical Manual, Chapter 9160.
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They yield the data of Tuble 97704. The ram alr pres-
sure can be considered as acting on all the wind-
ward surfaces of the ship. Its effect is increased bya
smaller and negative pressure, or suction, also resulting
from the wind, which acts on the leeward surfaces of the
ship.

2. Builldup and Decay of Airborne BW/CW Contomine-
fion In a Ship Compartment

To help in appreciating the rate at which the air in a
ship compartment is progressively contaminated by the
intake of outside aif carrylng a BW/CW contaminant, some
ventilation theory will be useful. The rate of increase, or
buildup, of outside contamination in a ventilated compart-
ment follows an exponential growth rule. The concentration
of contaminant in the air increases vety rapidly at firat,
and then more slowly as it approaches the concentration in
the outside air.
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As soon as the ship passes out of the zone of BW/CW
contaminated air, the concentration of contaminant in the
compartment air begins to decrease or “'decay.”” The rate
of decay follows a mathematical law similar to that for the
buildup: That is, it is fastest at first but gradually decreases
as the contaminant concentration in the compartment ap-
proaches zero, This decay law is mathematically similar
to that for radicactive decay.

The above rules are illustrated by the curves of figure
9770-3. The line OB shows the tate of growth, or buildup,
of the contamination concentration in a compartment from
the instant the ship enters the zone of contaminated alr.
After a single air change, the concentration inside the com-
partment is 0.63 ar 63 percent of that topside; after three
alr changes it is 95 percént of the topside concentration;
ond ofter six air changes the interior concentrotion is 99.8
percent. The falling lines trace the interior concentration
dwring the decay phase for each of five different topside
exposures. Each decay curve begins at the point where the
ship emerges from contaminated air, at which time only the
topside concentration drops from fully contaminated air to
zero, or fully clean qir. For example, the curve OD shows
the interior cancentration rising, from zero to 0.5 of the top-

side tiqure, during 0.7 air change. At this point the ship
steams into ¢lean air, and the interior concentration grodual-
ly dies away or decays, rapldly at first, and then more
slowly toward and beyand the point H, eventually dropping
to zero. If the ship passes out of the contaminated zone
after different numbers of alr changes, the concentration
bulldup/decay sequences are illustrated by the typical
curves OC/CG, OE/E], and OF/FJ. Fa the design
stendard rate of ventilation, the number of air changes in
any given time is found as follows: divide the time by the
rate of change, R of C, taken fromthe ship ventilation
plans.

Similarly, the curve BK of Figure 97703 illustrqtes the
rate of decay of contaminant concentrotion, when the ship
leaves the contamination zone and enters pure alr, at any
time after six of more air changes; i.e., when the
compartment qir is essentially 100 percent contaminated,
To show the displacement of 100 percent contaminated air
by clean air, the curve BK Isdrawn on a new scale, starting
with zero. After a single air change the cancentration drops
to 37 percent; after three air changes, to five percent: and
after six air changes, to about 0.2 percent.

1.00

90

|

AlR

80 VENTILATION

CONTAMINATED

B0

SO

CLEAN
AlR
VENTI-
LATION
30

.20

FRACTION OF CONTAMINATED AIR IN COMPARTMENT

CLEAN AIR
VENTILATION

CLEAN AIR
VENTILATION

4

670

NO. OF AIR CHANGES

Figqure 3770-3. Variations in the fraction of contaminated air in o ship comportment ventilated at a constant tate, first

by contaminated air, then by clean air.
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Only if the incoming air could displace that in the com-
partment like a piston, with no mixing, would all the com-
partment air be displaced in cne air change. Under this un-
realistic condition the contamination concentration would
follow the straight dotted line OA.

Although figure 9770-3 shows that over 99 percent of the
compartment air is displaced after six air changes, more
complete displacement is desirable. Figure 97704, ina
semilogarithmic plot, shows the effect of up to 11.5 air
changes, a 99.999-percent displacement. This type of
plot has the dual effect of presenting all the curves of
figure 9770-4 ona single straight line, and of providing
room for more data ina limited space.

It should be noted that all of the curves of figare 9770-3
and the processes they represent are of the *‘exponential’’
or “compound-interest’’ type. The rate of an exponential
growth or decay is, at every instant, popartional to the
size of the thing growing ot decaying. The huildup curve
OB of figure 9770-3 then actually represents the lgss of
clean gir from the compartment. When the clean-air con-
centration is high, at the instant the ship enters contam-
inated air, the rate of change of concentration is at a max-
imum. When little cleanair is left, after several air
changes, the interior concentration changes very slowly.

3. Ventilation Rotes in a Closed-Down Ship.

Very little is known of the exact ventilation rates of
individua | compartments in a buttoned-up ship at sea. How-
ever, it is reasonable to assume that a destroyer at seaq,
in a relative wind of 30 knets {a 20-knot speed plus a 10-
knot head wind}, will experience a tatal ventilation of
several thousand cubic feet per minute through its occupied
compartments under closed-downconditions and with all
powered ventilgtion secured. Assuming @ ventilation rate
of 4000 cfm, and o ventilated volume of 200, 000 cubic
{eet for a DD, a Aate of Change of 200, 000/4, 000, or S0
minutes per change, results. This is an apmoximate
figure; faster rates would occur insome compartments, and
slower anes in others. Somewhat smaller averages could
be expected for larger ships, but these wauld also have
even wider ranges in ventilation rates. Auxiliory types,
because of lesser compartmentation and closure, are be-
lieved tohave ventilation leak rates cansiderably higher
than a DD.

It is instructive to consider the size of a single open-
ing, equivalent to a giventotal air leak, when it is ex-
posed to various relative wind speeds. Sample data? of
this type {ollowing Table 9770-5. As a tule of thumb,
the number of cubic feet of air per second leaking through
a single open area of one square foot is numerically equal
to the relative wind speed inknots.

YThese are all calculated from a standard orifice formula,
using a discharge coefficient of 0.6.

Chapter 9770

4. The Dosuge Equivalence Rule

Far the purpose of improving BW/CW protection, the
specific 1ate of ventilation leakage need not always be
known. The fact that significant leaks do exist, and can
be demonstrated, is enough. This is evident because it
cen be shown that menin any compartment which is ventilated
at anunchanging rate canreceive the some BW/CW aerosol
or vapar doyage asx topside persomnel, Tegardless of the
comportment ventilation rate, The explanation is that the-
dosage of the topside man results from exposure to a high
concentration for a relatively short time, and that of the
below-decks man comes from exposure 1¢ a lower concen-
tration for a longer time.

This canalso be seen from figqure 9770-5, in which the
vertical axis represents concentration and the harizontal
axis indicotes air changes ar time. The topside dosage,
or cancentration x time (i.e.,Ct), is givenby the area of
the rectangle OABD, which is seen to be 3.0. That is,
at point 0, the ship enters the contaminated air, and the
topside concentration rises instantaneously to the maximum
value. At the time represented by three air changes, the
ship leaves contaminatéd air and the topside concentration
drops to zero. Inside the ship, the concentration rises
gradually and only reaches C after three air changes. At
this time the concentration begins to decrease. Comrespond-
ing to the topside case, the dosage is represented by an
areq, the sum of the area OCD (buildup phase dosage) and
the area DCE (decay phase dosage). The buildup-phase
ared, or dosage, is found to be 2.05; the decay-phase
dosage is (0. 95. The total, as predicted, is 3.0.

Table 9770-5, Air flow inte ship through openings vs.
relative wind speed.

Air Flaw Total Diamater of
Through Open Arec Single Round
Relative Total Open per Opening per
¥ind Speed Area of 1 sqft 1000 cimLeak 1000ckm Leak
{kt) {cim) (sq ) (tn.)
1 61 16.0 55
2 120 B.2 39
5 305 33 25
10 610 16 17
20 1200 0.82 12
30 1800 0.55 10
40 2400 0.41 8.7
50 3000 0.3 7.8
60 3600 0.27 7.1
80 4900 0.21 6.1
100 6100 0.16 55
12
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The correctness of the Dosage Equivalence Rule has
beendemonsirated ona Navy ship using a fog-cil aerosol to
simulate a BW attack. However, if significant amounts of
BW/CW agents are removed from the compartment air by
means other than ventilation, therule no longer applies
exactly. Some nonventilation means of agent removal are:
absorption of CW vapors in paint, clothing, blankets, and
the impaction of BW/CW aerosols onthe blowers and filters
of recirculating airconditioning systems. The exact deqree
o which these quxiliary agent-removal effects operate in
many practical situations is at present unknown. 1t is clear,
however, that the nenventilation effects will increase in
importance as removal by ventilation becomes very slow
and compartment exposures very long (i.e., far a tightly
closed ship). At present, and until sufficient operating
data are obtained, it is assumed that the Dosage Equi-
valence Rule is essentially correct under practical condi-
tions.

5. Reduction of Air Leaks In Ships

The unfavorable effect of air leakage on a ship’s BW/CW
defense capakility is evident. How thencan the leakage be
reduced to an acceptable minimum? Assuming that closure

discipline is made 100 percent effective by thorough indoc-
trination and inspection, and that all of the

ship’s doors, hatches, stuffing boxes and other closures
with their geskets and packings have been corefully and
expertly maintained or restared to their as-new condition,
actual leakage rates should now be measured.

The standard pressure, or static, test for leakage is
peeferred for very tight compartments, although it must be
applied only to compartments for which the test is spe-
cifically authorized. These compartments are listed in the
ship’s Schedule of Watertight Integrity Tests and Inspec-
tions, and they are equipped with air-testing fittings.
Provided that the compartment pressurization for the test
is anly a few ounces above atmospheric pressure, the fol-
lowing farmulas are used to calculate the leakage rate:

1.0

0.9

0.8

0.7

06

05

0.9

0.3

0z

FRACTIONAL CONCENTRATION OF VAPOR OR AEROSOL

0.1

0 !

J I E

Figure 9770-5. Equivalence of interior and topside dosages.
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Compartment leckage, cfm =
Compartment Volume, cu. ft
Time for Pressure Drop, min

X Pressure Drop, oz, per sq, in
240

For compartments with high leakage rates, o dynamic
test is required. This test is carried out by carefully
closing, using normal procedures, all means of air supply
or exhaust except one supply duct served by a standard
oxial-flow blower, which is used to conduct the pressure
test on the campartments(s) served by the blower. The
single test instrument required is an oir-pressue gage
which functions over o range of 0 to 5 inches of water
(0t00.4 inches of mercury). This canbea glassar plastic
U-tube, a slant gage, or ananerold barameter with divisions
of 0.02 inches of mercury. If a U-tube or slant gage is
used, a rubber ar plastic tube must be connected to me g
and led either to the outside atmosphere (preferred method)
ot to a bottle or a rigid and airtight metal contalnes of
about one quart capacity (second-choice methad), Now,
the supply blower is tumed on and the rise in alr pressure
in the compartment noted. The higher the pressure reached,
the tighter the compartment. '

Reference to a setof Navy Standard vaneaxial® fan
characteristic curves {figure 9770-6}, and use of the curve
for the particular blower used will indicate the air flow
which is maintdining the chserved pressure rise in the
compartment(s). This flow is also the leaknge flow out
of the space being tested. For example, in a particular
situation a Type Al fanraises the compartment pressute
t0 2,5 inches. The Al fan curve shows the fan to be de-
livering 1150 cfm. 1 the pressure rise had been only 1.5
inches, the fan curve shows the flow to be 1390 cim.
Similarly, a pressure of 4.0 inches froman AlG fan in-
dicates a flow of 9000 cim, in and out of the
section of the ship supplied by the fan. The air flows
observed canbe converted directly to Rates of Change, in
minutes per air change, by dividing them into the meuswed
volume of the space under test. In case the pressure
rises beyond the highest paint of the fan curve, one of two
steps canbe taken: (a) the fancanbe used to supply o
larger section of the ship, thus adding more leaks, ar (b)

a standard leak can be used to hleed off a known flow of
air and reduce the presswre to the range covered by the
foncurve. The stondard leak must be @ smooth, round,
sharp-edged hele ina thin plate which can be balted tightly
over a parthole, the exhaust duct opening, etc.

Figure 9770-7 1s 0 nomograph which will assist both
In predicting the size of the standard-leak arifice required
and in giving the flow through the arifice at the pressure
reached. The flow through the arlfice is subtracted from

Mt is assumed here thot the blower faninvolved is of the
vaneaxial type. ldentical procedures apply for Navy
standard centrifugal blowers, using the appropriate chor-
acteristic curves.
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the total flow indicated by the fancurve; the difference is
the true leakage flow out of the compartment(s). It may

be desirable to prepare anorifice plate having a number

of holes of different sizes. The hole having the desired
area or diameter can be selected, and the other holes clased
with tapered softwood plugs.

Ii, as will oftenbe the case, the Rate of Change shows
an undesirably high leakage, a leak search should be
mode. A number of methods of leak detection are discussed
in this manual, * and others will suggest themselves to an
alert crew. Most leaks in pressurized compartments can be
heard directly o througha tube or hose used to connect
the leakage area with the ear. Leaks canalso be detected
visually by the bubbles produced when the leakage areq is
painted with soap and water onthe low-pressure side.
Means of carrecting leaks will vary with the natwe of the
leak. For example, where ventilation-duct closures are
not supplied, snug-fitting painted-canvas boots will be
useful. Leaks at welds are better comected by applying
a flexible sealing compound on the high-pressure side than
by rewelding.

As leaks are reduced insize and number, smaller blowers
and/or larger test spoces will be required in order to re-
main on the blower curves. Caution is required in operat-
ing blowers for extended periods at flows much below
normal; overheating may result. However, a minute will
ordinarily suffice for accurate observation of a pressure
rise; the blower can then be shut off or the compartment
opened until the next test.

It should be noted that although the pressures produced
by ventilation fans are comparatively low, the total force
which can be exerted on a large area may be unexpectedly
large. Fer example, a fan pressure of 5 inches of water is
equivalent to 25 lb. per sq. ft.; this will result in a farce
of 300 1b. ona door having an area of 12 sq. ft..

It is recommended that tests occasionally be duplicated
withanother blower as a check for accuracy. An exhaust
blower will be as satiskictory as a supply blower, except
that pressure reductions will be observed instead of pres-
sure rises.

While the above test procedure will not always give
leak rates precisely equal to those due towind pressure,
since wind-induced lecks may he different for different
wind directions, the method is adequate. The fact that it
may over-indicate the ship's leak rate will be roughly com-
pensated by the increase in the leck rate caused by the
flexing or "*working'’ of the ship in a seaway. In fact, it
is recommended that the leak test occasionally be con-
ducted, as o matter of experience, with the ship hoth
moored and underway. In the lotter situation, the relative
wind should not exceed ten knots, in order to avoid the
complicating effects of wind-induced leaks an the test.

To aid in evaluating the test results, the following
formule may be used. This will enable the results of all
tests to be compared at the reference pressure of one inch

WNaval Ships Technical Manual, Chapter 9880. See
also General Specification for Ships of the U.S. Navy 529-
Bd.

15
ORIGINAL
1 April 1967



TOTAL PRESSURE {iNCHES)

7.0
60

5.0

40/

30
25

20

~

N

S~ [

//

/.7
:

NN

Al

/77

ORIGINAL
1 April 1967

16

\_.\
Alg

[V

04 05 06

08

1.0

2 .
CUBIC FEET OF AIR PER MINUTE (THOUSANDS)

6 7 8910

Figure 9770-6. Navy standard vaneaxial fans, selector chart, The letter-number combinations appearing on the graph

(Al, A2, etc.) are fansijzes,

Chapter 9770



of water; i.e., the pressure due to a relative wind of 40
knots.

L, =Lp (I/P)?
Where L, = leakage in cfm at one-inch pressure
Lp= leakage in cfm at actual pressure
differential P
P = inches of water

Some noncombaotant ships may be unable to follow the
leak measurement procedures given above. Topside tght-
ness can be improved, however, by attention ta three
principles: (1) many air leaks in or cut of ships occcurs
at doars, hatches, ventilation openings, etc.; (2) If it is
feasible 1o pressurize a compartment through the ventila-
tion system, leaks canbe located by the ear testor the
bubble test; {3} Whethet detected or located, or not, air
leakage can be reduced bty careful maintenance and cor-
rective measures applied at the point of probable leaknge.

6. Summary of Yentilation Contro! in BW/CW

1. The most favorable ventilation control in a BW/CW

situation is ventilation at the lowest practical rate while in
the contaminated zone {interior concentration buildup

o
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phase), followed by the highest practical rate in clean air
{lntericr concentrationdecay phase). [f the ship is lathe
contaminated zone for six or more air changes, the com-
partment dosage will approach the topside dosage, but
cannot exceed it.

NAVSHIPS 250-000, Chapter 9770

2. The least favarable ventilation management is
ventilationat a highrate while inthe contaminated zone,
followed by a low rate as the ship enters cleanair. Under
these conditions, the compartmentdosage may reach sev-
eral times the topside dasage.

3. Siwations 1 and 2 are considered possible but
difficult toachieve in practice because they presume: (a)
exact knowledge of the time of entering and leaving the
contaminated zone, or {b) the chance increase ar decrease
of ventilation rate just whenthe ship leaves the contam-
inated zone.

4. A more probable situation is that the ship transits
a cantaminated zone with na knowledge of the presence of
a conteminant. Assuming an unchanging ventilation rate,
compartment dosages will be appraximately equal to top-
side dosages.
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Figure 9770-7. Nomograph for determining leakage area and diometer of round opening corresponding to a given dif-
ferential pressure and leakage airflow, Connect the desired points on lines Q and P with a straightedge, It will

cross line D at the required diameter and area.
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5. It is believed that the most probable situation
in which a ship will be exposed to BW/CW-contaminated
air is that therough indoctrination, full intelligence data,
and alert chservation will, even inthe cose of BW, result
in some clues as to the existence of contaminated zones.
These clues, considered together with the other elements
of the tactical situation, can be applied tobest advantage
by minimizing ventilation rates diring the period of sus-
pected expasure tocontaminated air, and subsequently max-
imizing ventilation rates for a period of 6 to 12 alr changes
incleanair.

6. Part of the doctrine referred to above, in the
absence of mare exact and specific information, will be
related tothe effect of sunlight onairborne microbes. That
is, In areas of possible or probahle BY expasure, ventila-
tion should be maintained at a minimum during the hours
of late afterncon, dusk, dorkness, and for an hour ar two
after sunrise, since this period is faverable to long life-
times of airborne microbes. Similarly, if ventilationrates
must be increased at some time during the 24 hours, it is
believed that the safest period, from the BW point of view,
is from midmorning to midafternoan.

SECTION |l. BW/CW COUNTERMEASURES AT SEA
Part 1. Iutroduction

9770.41.

The efficiency of BW/CW countermeasures depends an
the promptness with which they are started. In fact, the
period between indications of impending BW/CW attack and
serious—perhaps lethal-exposure of topside personnel may
be too short to allow any protective actions to be started.
Since the period ofter anattack in which useful self aid
or first aid can be started also is very short, the advantages
of preattack protection of topside personnel are obvious,
To prevent advance protection fram setiously Limiting
personnel performance, adequate indoctrination and reg-
ular, realistic drills or exercises are needed. The U.S,
Army has found that "green” personnel are at first cansid-
erably handicapped in combat operations while wearing
rotective clothing and masks. As personnel gain ex-
perience in performing combat duties while wearing pro-
tective clothing and masks, the handicaps are reduced.

Measures which protect the ship structure itself from
contamination also are easier, simpler, and quicker than
decontamination after an attack. Ship-frotective octians
are of twokinds: use of the washdown system, which
protects the exterior surfaces witha moving film or shield
of water, and use of the system af closures, reqular and
juryrigged, which can minimize penetration of aerosols
and gases into the ship. In these actions, as in those
which are directly personnel-protective, promptness of
execution is the major focter ineffectiveness. Specifically,
drops and sprays of CW agents connot ledge on or cantam-
inate a ship which is pre-wet or covered with the wash-
down shield; they are flushed harmlessly into the sea, In
contrast, when deposited on dry surfaces of the ship, the
same oily drops or sprays of CW agents are enly partially
removed by washdown; much of the remainder scaks into
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the paint and is removed only gradually by evaporation.
The same principle of prompt action governs the use of ship-
closure devices. 1f the ship isnot already ¢losed down
tightly whena BW/CW attack arives, the advantages of
tight closure duringor after an attack are unpredictable.
Postattack closure for anextended period may even increase
the severity of exposures or dosages for below-decks
personnel.

It is important torecognize that the washdown shield
is the flowing film of water onship surfoces. Where the
film is lacking there is no shield. While the washdownspray
is in the air it has little or no shielding effect against
qerosols or spray.

Port 2. The shipboard BW/CW defense system

9770-51.

We define ''system’’ to be a planned organization of
people, devices, machines, etc., eachdesigned or troined
to perform a porticular job, working together in an orderly
and efficient way to perform ¢ major task. The BW/CW
defense of a ship or qroup of ships is such a system. It
will function most smoothly and effectively when every
officer and enlisted man understands not enly his individunl
duties but also the makeup and opetation of the system as
a whole.

Figure 97708 shows the organization and main functions
of the shipboard BW/CW defense system. The order from
top to bottom is also the normal otder in which the ports of
the system will act, For example, self aid usually will not
be carried out until the need for it is shown by some means
of identification-detection. The means of detection,
however, need not be a kit or automatic alarm. Instead,
symptoms known to result enly from nerve-agent attack
are a means of identificotion-detection. As a further
example, Individual and collective protection actions
should precede positive wamning-detection. The general
respansibilities for the various actions are outlined in
the right -hand margin, but the BW/CW Defense Bill and
other standing crders should be consulted for exact and
detailed assignment of duties.

It is a useful ""poper’’ exercise for responsible person-
nel to expand each box of fiqure 9770-8 into its own se-
quence of actions and responsibilities, This is, however,
preliminary to and not a replacement for the carrying out of
complete and specific drills and exercises with all passihle
realism.

Part 3. Equipment, Facilities, and Supplies for BW/CW

Defense at Sea

97r0-81.

The principal shipboard items provided for NBC pro-
tection aboard ship are listed below. Medical supplies ore
not included. All clothing, footwedr, and handwear items
are under the cognizance of the Bureau of Supplies and
Accounts.
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Figure 9770-8.—The shipboard BW/CW defense system® *

YA dapted from '"Battle Control”* NWIP 50-1.
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Protective mask (gas mask) ND Mk V

Wet weather clothing, reqular issue, parka and cveralls
{See Manual of the Bureau of supplies and Accounts,
chapter 8, Part A}

Protective clothing, speclal, impregnated, jumper
{parka) and trousers, with impregnated sacks and gloves
(see the Manual of the Buregu of Supplies and Accounts,
Chapter 8, part B)

Rubber gloves and overshoes (see the above Manual,
Chapter 8, part B)

Impregnite-in-clothing test kits {see the above Manual,
Chapter 8, part B}

Chemical agent identification kits (detector kits M15A2,
MIBA2

Liquid CW agent detector paper M6, MBAL (marked
'"Vesicant Detector Paper’’}

Liquid CW agent detector paper M8 (morked '‘Paper,
Chemico) Agent Detector, 3-way'’)

Calcium hypochlorite, high test (70 percent)

Deconteminating Compound {a detergent) MIL.-C-7907
Aer

Washdown system and firehoses (see NAVSHIPS Tachnical
Manual, Chapter 9900)

Personnel decontamination stations (see NAVSHIPS
Tochnical Manuol, Chapter 3900}

Additional items adaptable to BW/CW defense aboard
ship are: Detergents, grease-emulsifying solvents, water-
emulsion clegners, etc.

Allowances of equipment and supplies for representa-
tive ship types are given in Appendix B.

Part 4. Princlples and Procedyres for BW/CW Defense ot
Seo

9770.71.
This secticn discusses the background and practical
application of the followlng items and procedures:
Protective mask
Impregnated clothing
Wet-weather clothing
Interor decontamination
Topside decontamination
Decontamination of clothing, masks, food, and water
Personnel decontamination
Detection
Self aid and first aid

A number of procedures for use of shipboard BW/CW
defense facilities, equipment and supplies are presented
in NAVPERS 10899A. Additicnal dicussion ond explanation
are provided here only where consldered necessary.

A stitch in time saves nine'’ {s an excellent motto for
all shipboard persannel to apply to BW/CW defense.
Although advance planning, practice, and protection may be
difficult and do require personnel time at all [evels of
respansibility, in o perlod of active BW/CW they will pay
unique dividends in missions accomplished and ln person-
nel survival. Post-attack procedures of personnel and ma-
terial decontamination and rehabilitation are always dif-
Heult and seldom completely satisfactory, These factors
should be recognized as underlying the BW/CW counter-
measure procedures recommended in this chapter.
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9770.72. PROTECTIVE MASK

The ND Mk V mask is a modem, efficient, and comforta-
ble mask which, when properly fitted and properly wom,
provides excellent protection to the face, eyes, and respl-
ratory system against all BW/CW ogents. Its major com-
ponents are illustrated in fiqure 9770-9. After it has been
worm routinely for entire watches while normal shipboard
duties are performed, it should have only a minor effect on
the effictency of most personnel, The mask does not pro-
vide protection egainst some common gases such as carhon
monoxide, carbon dioxide, and ammenia. It also does not
protect against atmospheres deficient in oxygen. For
these gases, the Oxygen Breathing Apparatus or airline
mask is required.

The Mk V mask is supplied to ships in numbers equal
to 105 percent of the wartime complement, Ten percent of
the ship’s allowance has been designated for training use
by the Chief of Naval Operaticns. The remainder should
be stowed in cool-to-warm, but not hot, conditions until a
command decisicn is taken to issue masks to all hands.
Stowage of unissued masks in their original cartens is
necessdry to prevent distortion and damage. Since the
facepiece is made in only one size to fit all perscnnel,
careful attention to fitting of the head-hamess straps is
required in order to ensure maximum protection and comfort.

Correct fit and adjustment of the Mk V mask is particu-
larly important when masks have been issued to all hands
for indefinite retention. The mask should be tested by
wearing In a tear-gas chamber, if feasible. A leakproof fit

- cunnot be expected unless the wearer is smoothshaven. In

addition, the mask should be wom for at least one-half
hour to make sure that it has not been fitted so tightly as
to couse headache or leave red marks on the face. This is
a fitting period only. Repeated wearing drills of four hours
& more are required for maximum fomiliarization and
personnel efficiency. After all the foregoing tests have
been made, and it has been ascertoined that strap adjust-
ments are correct, the loose ends of the three top-head-
hamess straps must be threaded through the buckles be-
tween the body and sliding member, figure 9770-10. The
excess length of these straps should be cut off, leaving
abaut one-half inch protruding beyond the buckle, These
straps will now be permanently adjusted to the individual.
Only the two bottom straps are loosened and tightened each
time the mask is removed and replaced (Hgures 9770-11 and
g770-12). Both mask and carrier should be securely marked
or tagged with the name of the person to whom it has been
fitted.
It has been noted that the protective mask outlet

valve sometimes sticks closed due to sweat drying on it.
If this occurs, the valve may be loosened by forceful ex-
halation of air, cr by massaging the valve through the out-
let valve cover or with the cutlet valve cover partlally re-
moved (fiqure 9770-13).

Fogging of the eyeplece is minimized by application
of the antidim which {s packed in the mask camrier. The
antidim should be applied to the inslde of the eyeplece
after each wearing perfod.
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Figure 9770-9. Protective mask ND Mk V, showing major ‘

components. 1. Top strap and buckle, 2, Side strap and Figure 9770-11. Removing mask. First step: release
buckle, 3. Bottom strap and buckle, 4. Facepiece, 5. Hood bottom straps.

stop, 6. Eye-piece, 7. Air deflector, 8. Diaphragm assem-

bly, 9. Canister holder, 10. Qutlet valve cover, 1l. Canis-

ster, and 12. Canister apron.

Figure 9770-12. Removing mask. Second step: pull m
forward to clear chin.

“igure 9770-10. Fitting the mask; securing the top strap
for permanent fit.
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The following procedure is used for mounting the
canisters on new masks after removing them fom the
original ‘'coffee can'! containers:

1. Roll rubber apron of each canister completely
over the outer edge of the canister (figure 9770-9).

2. Position each canister snugly against its canig-
ter holder (saucer-shaped metal plates permanently attached
to cheeks of facepiece) so that the holder contacts the
perforated plate of the canister at all points on its circum-
ference.

3. Roll the rubber apron of each canister back over
the canister holder (figure 9770-14).

Canisters are removed from the facepiece by rolling
approximately ane third of the rubber apton over the ocuter
edge of the conister (figure 9770-14) and then sliding the
canister off the holder (fig. 9770-15). The aprons should
then be unrolled to the relaxed position.

No repair kit for the Mk V mask is supplied to ships.
Where adequate stowage and good care are the rule, it is
believed that the need for repairs or replocement will be
neqligible, Replacement canisters are not supplied to
ships in time of peace.

9770.73. IMPREGNATED CLOTHING

Impregnoted clothing is supplied to ships in quantities
sufficient to autfit 25 percent or more af ships' comple-
ments. An outfit comprises impregnated socks and gloves,
trousers with attached suspenders, and jumper (parka) with
attached hood. 1t is illustrated in figure 9776-16. The
color is an olive green. All items have been treated with a
CW agent-neutralizing chemical, CC2, plus a viscous binder,
chlorinated paraffin. The presence of these two chemicals
results in g faint odor of chlorine, and a slightly greasy or
clammy feel. In cool-to-wam dry stowage, and in the
ubsence of sunlight or daylight, the impregnation treatment
is believed t remain effective for five to ten years or mare.
A testkit Is pravided {see below).

This clothing is net to be wom fargeneral-purpose
coveralls, ar for any other purpose than NBC training or
NBC defense operations. The effectiveness of the impreg-
nite is reduced by contact with ail, grease, moisture, ot
dirt, ar by exposure to sunlight. The clothing therefore
should be stored in a clean, dark, thoroughly dry location,
and in the original packages as far as possible. The in-
structian 1o replace the clathing within 6 months of the 4th
anniversary af the impregnation date has been found too
conservative, and is naw disregarded.

The impregnated clothing alone is effective aguinst CW
agent vapar ar very fine aerasols. However, large aerosol
particles ar draplets con portially penetrate the fabric when
carried by a strong wind. In addition, it is not possible to
impregnate the clothing with enough CC2 to neutralize
agent drops of sizes which can soak through the fabric.
Accardingly, impreqnated clothing is nat wom topside
without the additional mratection given by wet-
weather clothing wom as the cutside gament. The com-
bination designated XZ clothing (see below) provides ex-
cellent pratection when all closures are tightly secured.
‘The impregnated clathing neutralizes vapars and aerosols
which may penetrate the wet-weather clothing, and the
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lotier protects the CC2 clothing from draps or gross
quantities of CW agents. After the clothing is wom in
drills or actual operations, it should be thoroughly dried

in warm current of air (moisture is normally the principal
factor in deterioration of the CC2 impregnite). Laundering
should be as infrequent as possible, although several light-
duty launderings are possible before the CC2 is degraded to
the minimal level, See chapters 9350.2, 9350.3, and 9350.4,
Naval Ships Technical Monual, or the ships servicemon
Laundry Hondbook (NAVPERS 102914), for laundering in-
structions. This laundering is not a decontamination opera-
ton. The clathing is self-decontaminating, within limits,
and should normally not require the laundry-decontominatian
treatment, which s described under clothing decontami-
nation. Decontamination is avoided, unless made neces-
sary by proven CW contamination, because it degrades CC2
more than does the normol light-duty loundering,

In the Navy system for classifying BN/CW protective
clothing, impregnated clothing is designated Class Z, The
same garments in the unimpregnated condition are class Y.

The Impregnite-in-Clathing Test Kit, M2, is a simple
and valuable indicator of the activity of the CC2 in im-
pregnated clothing. It is recommended that samples of all
of the ship’s protective clothing be tested in a batch
annually by experienced personnel. Ten percent of the
garments in any single starage location will serve as an
adequate sample. This production-scale testing, if con-
ducted throughout by the same persannel will promote con-
sistency. Retesting of the earliest-tested garments at the
end of the program will constitute a useful check. The re-
sults of the annual tests should be retained.

9770.74 WET.WEATHER CLOTHING

Wet-weather clothing often is described as impermeable
or rubberized clothing and designated Closs X. Its value
results fram the fuct that the standard impregnated clothing
can be partially penetrated by all but the smajlest drop-
lets of liquid agents, especially in high relative winds.
Moreover the impregnated clothing is not equally efficient
in neutralizing all liquid CW agents. Wet-weather clathing,
an the other hand, if the closures at the neck, wrists,
ankles, and protective mask are well adjusted ot toped, is
for a limited time resistant ta al! liquid CW agents.

Gradual penetration of the synthetic-rubber loyer of the wet-
weather clothing fabric is dealt with in twa ways:

first, by impregnated clothing wom undemeath, and

second, by frequent ond thorough flushing of the rain cloth-
ing surface with seg-water washdown or an equivalent, such
as jury-rigged topaide sea-water showers, or by swabbing
with liquid hypochlorite.

The removal of ay type of BW/CW contaminated
clothing must be done with extreme care to avoid any body
contact with the outer surface of the clothing.

Rubber overshoes are fumished for use with Lmpregnated
clothing, and in the same quantity. Rubbet gloves are
supplied in smaller numbers (see Appendix B).
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In warm weather impermeable BW/CW protective
clothing, such as wet-weather clothing, can be tolerated
for limited periods anly. Becent information from the Naval
Medical Besearch Institute gives appreximate tolerance
times for experienced personnel wearing Class XZ clothing
(impermeable wom over impregnated clothing) under cer-
tain environmental conditions. The clothing included
rubber gloves and footwear, and the Mk-V protective mask.
In the NMRI tests, wind speed was constant at 0,25 knots,
the relative humidity was practically constant at 38 to 63
percent, and the test personnel were nat exposed to direct
sunlight. Two levels of physical activity were used:
standing only, and moderate activity. In the lotter, test
persannel stepped up two six-inch steps ten times per
minute for ten minutes; they were then allowed to stand at
rest for ten minutes, after which the 20-minute cycle was
repeated. In some cases, personnel were sprayed with 3
gpm of water at 80° F. for variaus fractions of a 20-minute
cycle; five minutes spraying out of 20 is designated 57/20'.
The data are shown in Table 9770-6.

It is recommended, on the basis of the tests thus far
conducted, that a sea-water spray be used on watchstanders
in Class X or Class XZ clothing when the air temperature
is abave 70° F'. As the lemperaiure rises, more spraying is
required, and, at 95° F. and 60 percent relative humidity,
spraying should be continuous. Nomal wind speeds and
low relative humiditles will tend to lengthen the tolerance
times; direct sunlight and high humidities tend to shorten
the tolerance times. Delaying the stort of spraylng is
inadvisable. Once rapid deterioration of perfomance has
bequn, it is unlikely that the situation can be reversed by
water-spray cooling. Instead, removol from the suit and
treatment as a heat casualty is strongly advised.

1t is important to recognize that the wearer 1s cooled
both by water evaporation and by direct contact with the
spray or stream, and that cooling by evaporation increases
at highet wind speeds.

Table 9770-6. Approximate tolerance times of Novol persen-
nel for B¥/CW protective clothing at variows
air temperateres (Wind 0.25 kt, relotive

bumidity 58-63 percent).

Class of Physical  Air Tomp, Water Tolerance

Clothing™  Activity ( F) Spray " Time
{Hours)

Z Standing 85 None 3w

yA Exercising 75 None 2.2%t04

XZ Stmding 85 . None 2.25t04

XZ Standing 95 None 1.5t 2

XZ Standing 95 ¥/ 4

Xz Standing 95 5/20 4

XZ Exercising 70 None 4

XZ Exerclsing 75 None 21 3.25

XZ Exercising 95 10720 2

XZ Exercising 95 157200 L7504

Xz Exerclsing 95 00200 22510 4

*Class Z clothing: standard impregnated. Class XZ
clothing: Impermeable clothing over standard impregnated.
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The spraying can take a variety of forms.  For a lerge
number of persomnel, use of sections of the wash-down
system at low pressure is suitable. For fewer personnel,
it may be preferable to rig topside sea-water showers,
using both vertical and horizontal shower heads, or to use
fog nozzles.

Sweat 1s normally documulated inside an impermeable
sult. Underclothing, glaves, socks, and shoes became
saturated. Sweating con be reduced and tolerance times
lenghtened by reducing the exercise rate, using water-
speay coaling, and reduclng exposure to the sun.

9770.75 INTERIOR DECONTAMINATION

In practice, decontamination is any precess which
eliminates or substantially reduces the hazards of contemi-
nated surfaces or objects, Decontaminotion, therefore, in-
cludes the physical removal of an agent by washdown or
hosing; the ehemicol destruction of neutralization of an
agent; and the mixture of the effects of heat, wind, sun,
and water, called weathering.

Two levels of decontamination are recognized.
Opsrationally-Complete decontomination is a degree and
extent of decontamination which is sufficient to allow
completicn of the ship's assigned mission without undue
hazards to petsonnel. This is not a fixed level of decon-
tamination, but depends_on the ship’s operating schedule
and the urgency of the ossigned mission, Decontamination
at sea or by ship's personnel will normally be the
operationally-complete type.

Chemically-Compless decontamination is a degree of
decontomination such that the oppropriate chemical test
fails to give a positive response for residual agent. Decon-
tomination at Naval shipyards, odvanced bases, or by
share -based personnel, will normally be of the chemically-
complete type. Co-

Although complete decontomination of a ship’s weather
surfaces seldom is necessary, of even possible, interior
spaces and ductwork may be a different matter, When the
exterior of the ship has been partly cleansed by washdown
and firehosing, and sensitive areas further treated by de-
tergent and hypochlorite scrubhing, the remainder of the
exterior surfaces genevally con be left to the evaparating
and hydrolyzing effects of wind and weather on CW agents,
and to the lethal action of sunlight on BW agents. Inside
the ship, contomination cannat as readily be tolerated, and
it is far less subject to the natural decantamination
that acts on the ship’s exterior. On the foverable gide,
the ship’s interior alse is less prone to BW/CW contimiina-
tion. This does not contradict the earlier discussion of
the penetration of BW/CW cercsols into ships via ventlla-
tlon systems and leaks. Aeroscls, particularly these in
the very small particle sizes characteristic of BW agents,
can and will penetrate into the ship through every existing
opening. However, the same factors which allow easy en-
trance inta the ship of BW aerosols also allow easy dis-
charge fram the ship; deposition within the ship Is only
partial. CW cerosols, on the other hand, generally are
designed ta impact on personnel and ship surfaces. Their
relatively large size and inertic will seldom allow pene-
tration of cracks and crevices, and will ensure a consid-
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erable degree of centrifugal removal by ventilation fans
of the CW particles which start to entet ventilation sys-
tems. A similar rule applies tonuclear-fallout particles.
It is seen that most BW/CW aerosols will either be too
small to deposit completely inside a ship or tco large to
enter. There will be some deposition inside, however,
although there is insufficient experience to assess the
hazard with accuracy. Far this reason, and to deal with
gross cantamination from leaking munpitions, interior de-
comtamination is provided for.

Where BW interior contamination is suspected or known to
exist, a decision must be made whether to: (a) take oo
action othey than to equip all personnel in the affected area
with masks and protective ¢lothing (that is, wait for or-
ganisms to die), or (b) attempt tharough decontomination
by steaming, liquid-decontaminant swabbing, or spraying,
or vapor-phase treatment. The first choice is slow and
hazardous, since it is known that movement and activity of
any kind in a comportment may serve to restore a portion of
surface-deposited microbes to the airbame state. The
second choice is the more effective and less hazardous to
personnel, but requires considerable manpower for swabbing
and for the other decontamination procedures, and does put
the compartment and its equipment out of service for @ period
of hours. It aiso, in the case of steam, requires rigging
a steam line and providing special drainage and ventila-
tion. However, this choice Is thorough, and circumstances
may require its use,

The principles and procedures for BW steam decoatam-
ination will be discussed below as a dunl purpose BW/CW
countermeasure because of the basic similarity in the two
operations. Although there are extra steps, materials, and
hazards inCW decontamination by steam, as it is applied
to BW agents, steam decontamination can be regarded simply
as anautoclaving procedure, done at atmospheric pressure,

Certain liquid decontarinants are highly effective
against BW agents. The poblems in the use of these ma-
terials are not in the effectiveness of the liquids them-
selves, but rather in reaching all contaminated surfoces
with the liquid, and then in abtaining intimate contact be-
tween the arganisms and the liquid. These incidental but
impartant parts of the decantomination process usually are
corried out best by applying the liquid decontaminant to all
surfaces with a coarse-spray device or swab untll they are

.completely wetted. All dirty, gqreasy or water-repellent
surfaces are then rubbed or scrubbed with swabs or brushes
to bring the organisms into suspension in the liquid, which
is left on the surfaces as lang as possible, but for nat less
than the periods prescribed belaw. Operating personnel
are equipped with masks for protection from both the BW
agent and the decontaminant. Normal use of the compoart-
ment may continue if necessary.

Of the several decontaminants which have been proved
effective against BW agents, the only one generally avall-
able on Navy ships is calcium hypochlerite {Stock No. 6810-
235471 for the six-ounce battle, 5810-242-4770 for the
3-3/4-pound canor plastic jug). Solutions of calcium hypo-
chlorite are more effective if 0.5 percent detergent or wet-
ting agent is added. The preferred detergent for use in
hypochlerite solution is Cecontaminating Compaund (Stock
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No. 6850-664-2008}. Leundry detergents (not soaps) are
also generally suitable for use in hypochlorite solutions.

The disinfectants, germicides, and fungicides intended
for general Light-duty disinfection or cold sterilization of
surgical instruments are regarded as inferior to hypochlorite
for BN decontamination.

The ane-percent hypochlorite decontamination solution
for heavy-duty use in magazines and on grossly contaminated
surfaces is prepared by dissolving calcium hypochlorite in
fresh water in the propation of a six-ounce plastic bottle
to 3 1/2 gollons of water, then dissolving three ounces of
decantominating compound in 1/2 gallon of water, and mixing
to make four gallons of decontamination solution. This
solution is well-scrubbed on ond then left on the contami-
nated surfaces for 20 or 30 minutes. Calcium hypochlorite
does not dissolve rapidly, and considerable stirring is re-
quired. Three ounces of decontaminating compound is
measured as 1/3 of a six-ounce calcium hypochlorite bottle.
The standard decontamination solution of 0.3 percent hypo-
chlorite is used for typical light contamination, and on
clothing, etc. It contains two ounces of calcium hypo-
chlarite {1/3 of a six-ounce bottle), plus three ounces (also
1/3 of a six-ounce bottle) of decontaminating compound,
dissolved separately as abave, then mixed to make a total
of four gallons of solution (the apparent error of two ounces
of calcium hypochlorite and three ounces of decontami-
nating compound each occupying 1/3 of @ six-ounce bottle
results from the different density of the two materials),
When decontamination is complete, all decontamination
solutions should be wiped or hosed off.

It should be noted that calcium hypochlarite is a true
universal decontaminant for BW and CW agents on men and
materials. It is also compact, inexpensive, stable in stor-
age, and safe to use, It is a powerful axidizing agent and
the solid should always be stored in the ariginal plostic
containers. If the solid is heated in contact with axidizable
material such as paper, wood, clath, or oil, ignitian may
occur. [t is always dissolved in water for decontamination
purpases.

BW decontomination by bactericidal vapars or guses,
sometimes called vopor-phase decontamination, Is not ca-
rently recommended for use on Novy ships at sea. Itis
discussed under Industrial Decontamination.

Steaming is effective for both BW and CW decontamina-
tion of ship interiors. The principle of operationis first to
displace all air from the conteminated compartment™ with
steam. This allows the compartment surfaces to be heated
rapidly and efficlently to the maximum temperature of ap-

‘proximately 2129F. Higher temperatures are not ottalned

because, under the conditions of steam flow and condensa-
tion, the steam rapidly loses superheat. Since air.is over

¥The principles and peocedures given for steam decontam-
ination are te be understood as also generally applicable
to ductwork and ventilation systems.

¥The accuracy af the 212 F. mark o the thermometer can
be checked simply by immersing the bulb and an inch o
two of stem inte rapidly boiling fresh water in the galley.
Do not allow the thermometer bulb to touch the surfaces

of the water container.
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60 percent heavier than steam, it.is effectlvely displaced
from the compartment by admitting and discharging steam
from points close tothe deck. Complete displacement of
air is signalled by a reading of 2119-212° F. on an ac-
curate” thermometer which is held in the steam exhaust
from the compartment.

When compartment surfoces reach 212° F., BW organisms
are killed in 15 minutes ot less. In the cuse of CW contam-
ination, four different mechanisms operate: (a) the evapora-
tian of the agent which has soaked into the paint is ac-
celerated: (b) hydrolysis and other types of chemical
neutralizatian of the agent are accelerated; (c) some of the
agent vopor is discharged from the compartment unchanged,
mixed with the exhaust steam; (d} some of the liquid agent
may remain on the deck, under or mixed with the pool of
condensate. Jtem {c}results in some hazard to personnel,
and item (d) is the reason for the additional use of chemjonls
for deck decontomination.

Before starting actual steaming, all visible and ac-
cessible depasits of liquid CW agent are absarbed in suit-
able materiai and the absarbent catefully jettisoned. The
entire deck now is treated with a decontamination material,
scattered by hand. The material is selected from: (a)
heavy-duty cleaning compound of the solvent-emulsion of
water-emulsion type; (b) alkali, such as soda ash, sodlum
metasilicate steam-cleaning compound, ot alkalice paint-
stripper; and/ar {c) calcium hypochlorite.”® For a deck area
of 200 =q. ft., a gallon of cleaningcompound, five pounda
of alkali, and/cr two pounds of calcium hypochlarite are
recommended. Alkaline mterials are generally undesir-
able, however, for use on aluminum decks, in comportments
with aluminum bulkheads, or in aluminum ductwork.
Alkoline dishwashing compounds are an exception to this
rule if they contain a silicate to inhibit attack on aluminum,

Based onthe principlas cited, the following procedures
are used. Steamis taken from a 100 to 150 psi Line, led
1o the contaminated compartment through a steam hase, and
admitied througha hole cut in the compartment bullhead a
few inches above the deck. The hole ispreferably near a
carner and, wbere the deck slopes apmeciably, at the upper
end of the deck. Steam is exhausted from the compartment
through another hole, 6 to 12 inches above the deck, cut
for the purpose, and lacated as for as possihle from the
first hole; i.e., near the opposite comer, or in the opposite
bulkhead. Ideally, both steam condensate and exhaust
steam would be carried through a steel pipe, over the side,
and to a point close to the water line, Since this is seldom
feasible, the condensate can be retained in the compartment
far later disposal, and the steam exhausted directly, &
through a pipe or hase, to the atmosphere, This involves a
severe CW hozard to personnel downwind from the discharge
polnt, in that the exhust steam may beheavily loaded with
agent vapor. Suitable precautions should, therefore, be

®Calcium hypochlorite is the most effective CW agent
neutralizer availuble aboard ship, but it {s also the most
corrosive. This camosiveness is increased ot high temper-
atures. Therefore, hypochlorite should nat be used in
conjunction with steam where the compartnent contains
delicate or critical electronic or electrical equipment.
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taken. The adjacent atmosphere can be checked for agent
vapor witha detector kit, but the test will be invalidated

if the air somple is taken in or close tothe plume of exhaust
steam.

The steam supply hose, and discharge pipe or hose, if
any, should be calked into their respective openings with
oakum or rags tominimize leakage. After deenergizing all
electrical and electronic equipment and lightingcircuits,
steamis admitted rapidly unti] the temperature of the vapor
at the discharge point reaches at least 2109 F.; 211%0r
212°F, is preferable. At this time the steam flow Ls re-
duced to an amount just sufficient to myintain the exit
temperature, and the treatment continued for 30 minutes. The
steam is now shut off, and the comportment ventilated at a
high rate until all visible moisture has evaporated. It can
usually be entered in 20to 30 minutes, but kit tests for the
CW agents{s) involved should always be made prior to recc-
cupying the compartment.

The deck of a compartment usually is the slowest and
most difficult area todecontaminate; this is the reason for
spreading o chemical decontaminant on the deck. Notonly
is liquid agent opt to occumulate there, but the deck 1s the
last surface to be heated to steam temperature. Therefare,
the accumulated steam condensate must be suspected of
cutrying ar covering undestroyed agent until the contrary
is proved. Since a test for contamination cannat readily be
made until the condensate is removed, bailing and other
condensate-removal procedures should use great core to
avoid unnecessary hazard to personnel.

To promote dryingof equipment, insulation, etc., the
compartment is kept as hot as possible and ventilation
maintained for the lengthof time required for drying. Since
the high temperature also will increase the vapor concen-
tration of any residual CW agent, this is an opportune time

1o make kit tests of the compartment aft, Deck aress should
be checked in particular.

During the drying period, all elecronic equipment ven-
tilation blowers should be kept operating if practical. Aux-
iliary or portable ventilation blowers canalso be used to
advantage inrecirculating hot air over and throughelec-
tronic and other equipment. These drying procedures are
mescribed in order to minimize damage toelectronic and
electrical devices, but very little experlence exists on
which to predict specific drying times or possible electranic
comporent failues. The water-displacing and drying meth-
ods of this manual*® should be considered for use in this
application, After several hours of het-air drying, electricul
and electronic equipment may be reenergized cautiously.

H thoroughly dry, little or no trouble should occut.

A special case of BW/CW decantomination, that will
arise after every CW aerosol or speay attack in whichany
ventilation hlowers are operating, is thet of the Howers
themselves (see chapter 9900.33). Blower vanes, and in
particular the surrounding hausings, canbé expected to be
heavily contaminated. This material must be dealt with
because of its re-evaporation or blow-off hazard to the
compartments served. Use the same procedures ds for

"Navgl Ships Technical Manual, Chapter 9190,
Section X.
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Industrial Decontamingtion, and opply postdecontami nation
tests in the case of CW agents. Avoid the careless use of
carosive materials where blower housings are of aluminum.

BW/CW decontamination of continuously ventilated ma-
chinery spaces is believed net to be a severe problem,
except on hull swfaces which are cooled by the sea or by
fuel or water intanks. Contamination of bilge areas can
also present serious difficulties in decontamination, The
characteristic high temperatwres and high ventilation rates
will combine toevaporate or destroy agents deposited on
hot surfaces. Depcsition will itself be reduced by rapid
air movement through the spaces. [t should be noted, how-
ever, that the directhazard to personnel is high, particularly
for CW. The high temperatures increase not only the agent
vapor pressure and skin sensitivity tothe vapor, but also
increase the hardship of wearing protective clothingand
masks. The present solution is, in case of likely BW ex-
posure, to require continuous wearing of the mask, as for
topside personnel. For anticipated CW exposwre, the im-
pregnated CW protective clothing (not wet weather clothing)
will also be required Frequent changing of mechinery-space
watchstanders will be o necessity under these condisions.

In all BW/CW decantamination aboard ship, considera-
tion must be given to possible interference with the essential
functions and operational jesponsihilities of the ship.
Protective masks, impregnated clothing, and/or impermeahle
clothing (wet-weather clothing) are avajlable and will pro-
tect personnel for extended periods evenin the presence of
high concentratians of CW vapor or BW aerosols. Personnel
should be able to avoid direct contact with liquid CW de-
posits if their presence and location are identified and
marked. Therefore, it is believed feasible for well-trained
personnel to carry out essential functians and duties in
spite of the pesence of CW contamination. Scme casualties
may result, however, and relief will be required at inter-
vals more frequent than usual because of the abnarmal heat
load on the heavily clothed persormel.

If the decision is made to continue essential functions
in contaminated compartments, it is recommended that de-
contaminatian be carried out concurrently, or at the earliest
mactical time. The only procedure adaptable to all BW/
CW decontamination under these conditions is handswab-
bing with one percent hypochlorite plus detergent, Decontam-
ination of all BW and CW agents will be effected cnall sur-
taces which can be reached. Subsequent evolution of CW
vapor from paint should be checked by use of the detector
kits.

Exceptionally heavy BW¥/CW contamination may occur
from leaking sptay tanks, bombs, etc. in magozines or
elsewhere. The decontomination procedure is straight-
forward: (a) liquid agents are absorbed inany available
ahsorbent material and jettisned; (b} the contaminated
area is scrubbed with five percent hypochlorite solution
plus detergent; (c) after flushing the decontaminant away,
alr and surfaces are monitored for residual contamination. If
residual contumination is heavy enough tobe objectionable,
reapply the decontaminant and leave in place for anex-
tended period.
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Figuwe 9770-17. Ship washdown system in operation.

$770.76 TOPSIDE DECONTAMINATION

The washdown systemis an item of majar impartonce
inthe ship’s NBC defense system figure 9770-17. A general
discussion ls given in chapters 9900.121 and 9900.131.
Although the washdown systemhas application in both pro-
tection from, and decontamination of BW/CW agents, in the
past it.has beenmore familiar in the latter use, and there-
fore will be discussed fully at this point.

In all NBC warfare siations, the sffectivenass of the
washdewn system as a protective or preventive (preattack)
device s greuter than for decontamination {pastartack).
Spray or drops of BW/CW agents whichstrike a ship already
covered with a flowing water film are normally washed over-
board. However, in areas where the runoff water flows very
slowly or collects in pools, some of the agent may odhere
to the ship and, in the case of CW agents, be absorhed by
paint. Hosing is useful in keeping such areas free of agent;
note con be taken to their locatians during washdown drills,
and sujtable instructions canbe included in BW/CW (and
nuclear} damage-conuol bills. Whenthe tactical situation
permits, steaming on a zig-zag course helps to clear the
ship of pools of water as the ship heels, and, In addition,
improves the distribution of the washdown spray by varying
the direction of the relative wind {see chapter 9900. 133).

BW/CW agent particles which impact an dry surfaces of
the ship are not easily o completely removed by postattack
washdown. Prompt use of the washdown system after CW
attack can remove more agent than if the treatment is de-
loyed, however. Without prewetting use of the washdown,
general firehosing will be needed as an additional countet-
measure. The following areas will be the most heavily
contaminated by airborne agents, and therefore should be the
areas most thoroughly firehosed. CW agents: (1) all decks
and horizontal surfaces, (2) vertical surfaces facing the
relative wind. BW agents: (1) all small-digmeter cylinders
such as lines, halliards, ropes, and handles: (2) all sur-
faces close to edges, comers, and protruding fittings.
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The washdown system plus firehosing is the only counter-
measurs available for general, or overall, decontamination
of the entire ship's sxtedor surfoces. Every effort should
be made, therefore, to use it to maximum advantage.

Ships having built-in or *'permanent’* washdown installa-
tions have adequate general maintenance and operating in-
structions in the Ship Information Book Piping
Section. Experience has shown that defective joints in
plastic piping are common in the interim installations.
Since testing of washdown systems has been infrequent, In
practice the defects may be unknown to the ship. A single
open joint can render o major section of the washdown sys-
tem inoperative, and full-pressure testing should, there-
fare, be regular and tharough. The natural aversion to cover-
age of the ship with salt-water spray need not prevent wash-
down testing, since this can be done at dockside with
fresh water. A mae realistic and satisfactory test, how-
ever, is to use the washdown system when underway. Fre-
quent testing also will afferd oppartunity for practice.in
partial-pressure adjustment of the various branches of the
system to achieve persomel wetdown (for cooling) and
ship-surfuce wetdown without the high volume flow
necessary for removal of contamination. Other means of
testing the washdown system are available. Although these
fall short of full-scale testing, they have the advantage of
minimizing salt-water wetting of the ship. One such proce-
dwe is to cover each nozzle with a canvas bag o hood.
Operating the system under these conditions allows an
estimate of adequacy of water flow, inspection of the
plastic pipe and fittings for watertightness, and indication
df the general condition of the firemains and pumps. Pres-
sure tightness alone can be checked by replacing the spray
nozzles with pipe plugs. Experience suggests that wash-
down piping leaks will be more frequent and more serious
than coverage deficiency, assuming that installation in-
structions have been followed.

Ships operating in areas where marine growth is exten-
sive may find that frequent, evendally, operation of the fire-
pumps and mains up to the washdown jumper connections
is necessary to keep the mains and strainers free of ob-
structions.

Leaks in the PVC (polyvinyl chloride) plastic piping of
the washdown system may be due to poor cementing of
joints at instailation, to failure to provide far thermal ex-
pansion and contraction (which is about five times as great
as with steel pipe), to insufficient supparts,® to overheat-
ing as by aircroft jet blast, or tomishandling and abuse
{such as use for steps). Solutions to these problems in-
clude recementing, provision of cdditional supparts or pro-
tective shields, relocation, or replacement of vulnerable
sections by metal piping or hose jumpers. Replacement
plastic parts may be available with difficulty; every effact
should be made to maintain, preserve, and utilize the origi-
nal material. The replocement components are currently

Py piping must be supparted not only to hold its weight,
and prevent carrying away by high seas o explosive blast,
but also to prevent the characteristic slow saq o creep.
When this is allowed to occur, severe stretching forces may
be applied to the cemented joints. :
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requisitioned from NSC, Mechanicsburg, Pa., and are listed
in NAVSHIPS 250-548-2 with addendum of Dec. 5, 1958.

Assembly of partable components of washdown systems
is discussed in chapter 9900.132. Firehesing is a valuable
addition to washdown far mare tharcugh removal of residues
of NBC contomination. Recent studies have shown that
the hose stream is mest effective when projected well in
advance of the nozzle so that there is little or ro splash
of rebound of the hose stream from the surface being de-
contaminated. Inaddition, a flat, 30-degree, fan-shaped
stream is especiclly effective for treating large areas. This
type of stream requires special nozzles which can be
fabricated from flattened tubing by the ship’s force. It is
emphasized that rebound of contaminant-bearing water can
be a serious hazard to decontamination persannel or to any
one downwind of the hasing operation.

Even when used to maximum efficiency, the washdown
system may not be capoble of providing satisfactery decon-
tamination in some areas or situations. Examples are:
gross contamingtion of part of the ship without washdown
prewetting, contamination of particularly hazardous or sen-
sitive areas such as ardnance items which have to be handl-
ed ar struck below, flaghoists, searchlight stations, the
bridge area, deck areus of heavy foot traific, and aircraft
exterior surfaces routinely touched by flying or servicing
persannel. All of these examples require edditional o
special decontamination. Therefore, it is norrally more
practical to expend extra effort in thorough decontamination
of a limited area than to require full protection fox all per-
sannel who are required to woek in the area,

The contamination to be dealt with, particularly if wash-
down and hasing have been used, will probably be invisible.
Inthecase of CW, it is a continuous or intermittent thin
film of oily material or deposit of droplets on all surfaces,
plus agent which has penetrated into the paint, In view of
the very small quantities of CW nerve agents capable of
producing toxic effects, contact of the bare skin with such
CW-contaminated surfaces must be avoided. Personnel
working close to the contamination must be masked unless
kit tests have proven the absence of a vapor hazord.

Agent deposits remaining after washdown and firehosing
are of two types: obsorbed and surfoce. CW agents ab-
sorbed in paint, etc., are relotively harmless, and con
vsually be left to the decontominating action of evaparation
and the various chemical effects of the environment. . BW
ogents are not abscrbed. The Invisible or near-invisible
surface deposits of CW and BW agents left after woshdown
and firehosing will also evaporate or be destroyed by en-
vironmental effacts, but the vopar and contact harords re-
quire active treatment of critical areas. Criticol areas are
those likely 1o be touched or walked on, ond those emitting
hazardous amounts of vapar. Decontaminotion of tapeide
surfoce depasits of CW or BW agents in done by uss of the
some 0.} parcent hypochlorite, 0.5 percont detergent eolution
thot is required for interior decontamination (9770.75). If
the NBC decontamination compound (6850-664-2008) is not
available, laundry detergents or compounds are acceptable
for use with calcium hypochlorite in the standard decon-
tamination solution.
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If calcium hypochlorite is not available, chemical de-
contamination of BW/CW surface deposits cannot be ac-
complished. 'The deposits can, however, be removed (physi-
cal decontamination) to a considerable extent by the use of
detergent solutions alone. Inaddition to the NBC decon-
tamination compound, a variety of detergents or cleaning
compounds is available in the Fleet, including laundry and
dishwashing compounds, and the solvent-emulsion or water-
emulsion cleoners (see Glossary). Items 2, 3, 7, 10, and
14 in the Bibliography are useful in describing the appli-
cations of Navy detergents and cleaners. NAVSHIPS 250-
342-1 and NAVWEPS 07-1-503 provide quidance in selection
of cleaning materials compatible with the surfaces to be
cleaned: paint, rubbet, aircraft, etc. Instead, BW/CW decon-
tnmination will be treated as primarily o CW problemn. This
approach is taken because the characteristics of BW aero-
sols are such gs to minimize exteriar surface contaming-
tion of the ship; inaddition, methods and materials satis-
foctory for CW decontamingtion may be expected also to
wark well against BW agents. The decontamination deter-
gent shown in BW/CW allowance lists is intended primarily
for NW decontamination. It is believed that the cleaning
compounds or detergents which are dilutable with minetal
spirits or kerosene are preferable for CW decontamination.
These miterinls are often described as solvent-emulsion
cleaners. Examples are P-C-00576b Type 1 {light duty},
Type 2 (heavy duty), see NAVWEPS 007-1-503; MIL-C-20207C
theavy duty), see NAVSHIPS 250-342-1; MIL-D-16791 Type
1 (light duty}, Type 2 (heavyduty), see NAVSHIPS 250
342-1; MIL-C-7122 Type 1, “gqunk’* (heavy duty) see
NAVAER 01-1A-508. The Bibliography gives full titles of
these and cther decuments mentioned here by number cnly,
NAVWEPS 07-1-503, a large wall chart, contains detailed
and up-to-date informotion on the ingredients ond uses of
31 light and heavy duty cleaning matetials.

When the fire hazards connected with the selvent emul-
sion cleaners forbid thelr use, woter-emulsion cleaners of
o medium-or heavy-duty type are acceptable. Mare scaking
time and/er brushing probably will be required ta obtain a
given degree of decontominationthon in the case with the
solvent-emulsion cleaners. Examples are MIL-C-22543A
and MIL-C-22550; both are described in NAVWEPS
07-1-503.

The most numerous class of cleaning compounds and
detergents is the solid material or concentrated liquid in
which no flammable solvent at all is used. The fire hazard
is therefore nil. These ore hasically light-duty materials,
but, if alkalis qre qdded, they enter the heavy-duty group.
Examples are: the NBC decontamination detergent MIL-C-
18687 Types 1 and 2 (see NAVWEPS 07-1-503); and MIL-D-
16791 Type 1 (see NAVSHIFS 250-342-1). These materials
also require scrubbing or other agitation to accomplish com-
plete mixing with, and removal of, surfoce BW/CW de-
posits.

Compatibility of the selected cleaning compound with
rubber, plastics, and paint should be checked in the ap-
proprigte manual ar chart before use.

A wide variety of other soaps, cleaning compounds,

compounds, etc. In the absence of the standard items,
any of these is useful.

In the BW/CW decontamination of airplanes, heli-
copters, missiles, and any other items which mey be re-
Intively sensitive to corrosion or penetration by water, or
attack by strong alkalis, only light-duty or medium-duty
cleaners should be used. Cleaners containing any solid
material also should be avoided as tending to promote
corrosion. For the same reason no high-velocity hose
streams ar jets of water should be used on or close to joints,
hinges, slots, ar other openings in aircraft. Unless direct-
ed otherwlse by responsible autharity, cleaning solutions
should be applied In g coarse, gentle spray, ar mopped and
scrubbed on. Subsequent flushing at or near openings inthe
alrcraft skin should also be done with gentle streams of
woter. These procedures have the dual advantage of avoid-
ing the scattering or atomizing of the BW/CW contaminants,
and of keeping the cleaning materials from penetrating the
skin of the aircroft, missile, or other equipment,

In BW/CW decoantomination with washdown or detergents,

whether it be of the exterior of the ship itself or of alreraft
a ordnance equipment, it should be recognized that the con-
taminants often are merely removed rather than chemically
neutralized ar killed (unless hypochlorite is used at the
same time). Therefore, the possibility exists that the re-
moved agents, o agent-contaminated water, may drain or
flow insuch a way that undersirable quantities remain on
the ship. Decontamination operations should be planned
and conducted so that none of the agent reaches heavy-
traffic points or ather sensitive areas, and so that a maxi-
mum amount of the agent and wash water flows into the sea.

Personnel protection measures during decontamination
operations are straightforward but important. Personnel
directly involved in the operations must be masked and
clothed in 100-percent impermeable {rubberized) garments,
with all closures fully sealed. Cther persannel necessarily
downwind of the operation should be masked and, if neces-
saty, wearing impregnated protective clothing. Finally,
care should be taken to minimize the spraying or splashing
of contaminated liquid which can act as scwces of secand-
ary aetosols,

No decontaminated surface should be assumed to be
completely free of CW hazard until suitable kit tests are
negative. Traces of agent clten will remain, trapped in
crevices or absorbed in paint. The degree of decontami-
nation of large topside sutfaces, previously exposed to
washdown, can be increased somewhat by treatment with
the standard hypochlorite/detergent solution. The extra
effort may not be justified, however, ard if the "safe
times’’ indicated by detection kits are acceptable, final de-
contamination can be left to weathering. This is a normal
situation.

Calcium hypochlorite is the most powerful shipboard
decontaminant for CW and BW agents, either topside or be-
low decks. It was originally supplied in small quantities
fof preparing liquid bleach in the ship’s laundry. Additional
stocks are now required for BW/CW decontamination {see
Appendix B for allowances). The new plastic containers




the caps are tightly closed and taped. Calcium hypochlorite
normally is used at only one concentration (0.3 percent) in
the standard BW/CW decon solution, and is always used
with the NBC decon compound, or detergent, at 0.5 percent.

In all decon work, @ minimum of decon solution should
be used. Solution runoff is both useless and wasteful. As
much agitation, rubbing and scrubbing should be done as is
feasible. This step is desirable to mix thoroughly the
BW/CW agent with hypochlorite. As in all other chemical
reactions the materials cannot react or cembine until they
are brought into the most intimate, or molecular, contact.
Most shipboard surfaces can be decontaminated safely with
calcium hypochlorite plus detergent. Hypochlorite should
riot be used on gircraft, ordrance material, navigation in-
struments, etc., because of the possibility of corrosian
damage to exterior surfaces or concealed parts.

The Naval Ordnance Systems Command is primarily re-
sponsible for the instructions on the decontamination of
BW/CW maqozines, leakers, spills, and contaminated cargo
holds. However, as a matter of general information, it is
desirable that the basic principles of such specialized de-
contamination jobs be outlined here. These are: (1) pre-
vent spread of liquid agent; (2) absorb liquid agent in rags
or other material; (3) remove and discard contaminated ab-
sorbent; (4) thoroughly flush contaminated surfaces with a
stream of water, aveiding further spread of agent by splash
or spray; (5) treat contaminated surfaces with standard
hypochlorite/detergent solution, scrubbing where feasible;
(B) test surfaces and atmosphere for agent; (7) if necessary,
retreat with decontamination solution for operationally-
conmplete decontamination. Previously clean surfaces will
be relatively easy to decontaminate, but oily, greasy or
dirty surfaces will be more difficult. In such cases, heated
solutions of strong detergents, degreasing agents or emul-
sion cleaners, with 0.3 percent of calcium hypochlorite
added should be recirculated over the contaminated surface
or areq, if feasible. If recirculation cannot be accomplished
readily, hot solutions of solvent-emulsion cleaner or water-
emulsion cleaners, with 0.3 percent hypochlorite, should be
applied with as much agitation as is feasible, allowed to
stand for 30-60 minutes, flushed with water, and the cycle
repeated as necessary. Enclosed areas which have been
heavily contaminated should be ventilated after decontami-
nation ot as high a rate as is practicable to accelerate
evaporation of residual agent.

In summary, it is helpful to recognize that CW agents are
In fact oils which vary in degree of solubility in water (HD
almost nil, other agents somewhat mare), and which pene-
trate into paintwork. All washdown, hosing, or detergent-
scrubbing decontamination methods are based on these agent
properties, but they must also take into account one addi-
tional fact; the agents are violently taxic; one-tenth of a
drop in the eye or one-half a drop left on the skin may be a
lethal dose,

9770.77. DECONTAMINATION OF CLOTHING, PROTEC-
TIVE MASKS, FOOD, AND WATER
The currently approved method of BW/CW decontaming-
tion of all woven clothing items requires a standard *wool-
wash' (NAVPERS 10291) to which is added 0.2 percent
(2000 ppm) available chlorine in the first suds. To
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cbtain this concentration, one-fifth the narmal velume of
water is added in the formof the usual ane-percent liquid
bleach (NAVPERS 10291, p. 28}, o calcium hypochlerite,
in the amount of ane-quarter cunce per gallon of water in
the washez, is dissolved in a bucket and then added to the
load.

The procedure far decontaminating wet-weather {tub-
berized) clothing follows; except incases of heavy can-
tamination, it is believed that it will rove adequate. The
procedure is towipe off, using a cloth meoistened with ane
percent hypachlorite solution, all visible agent. The gor-
ments are thendipped in one percent hypochlaorite, rolled
up wet, allowed tostard far ane to 24 howrs, rinsed in fresh
water, and dried. The initial need for decontamination, and
the effectiveness of any decontamination method selected,
can be determined as recommended for gas masks; place
one or mare garments in atightly covered metal container in
a warm location far four hours, then apply a detectar kit
test to the air between the garments.

Two altemative procedures are recommended for the CW
decontomination of the Mk V protective mask. The Hrst is
also satisfactory for BY decontamination, but an immersion
pericd of 15 minutes is considered adequnte.

1. Wipe all surfaces of canisters with a cloth
moistened with one percent calcium hypochlerite, wipe with
a cloth wet with fresh water (do not allow any liquid to
enter either cpening of canisters), wipe completely dry, and
set aside for reassembly on facepiece. Dip complete face-
pieces, with head hamesses, In one percent calcium hy-
pochlarite, leave wet or immersed for one to 24 howrs {fr
the shorter exposures, use warm hypechlorite solution),
tinse tharoughly in warm fresh water, dry completely in a
warm to hat current of air {(as in machinery spaces), test
for agent residues. Any cloudy condition of the eyepiece
will gradually disappear as dissolved water evaporates.
Test {acepieces for CW agent by placing one or more ina
tightly closed metal container and leaving in a warm
area {100° to 140° F.) for four hours. Then sample the air
in the container, using the moximum number of bulb com-
pessions allowed by the detector kit instructions. Wearers
of decantaminated masks should be watched by medical
personnel for eye irritation.

2. As o supplementary treatment to the above
methads, if one is required, masks can be aired In g current
of warm to hot air (100° to 140° F.), as In machinery spaces,
for two days tocne week. Masks should be supported so
as to minimize stretch or distortion, and not allowed to come
_in contoct with oil or grease.

The BW/CW decontamination of food and water is de-
scribed in instructions from the Bureau of Supplies and Ac-
counts {Instruction 3300.6). There is little reason to ex-
pect direct BW/CW contomination of food (except vegetables
stored topside) or water, Covert (sabotage) contamingtion
of food o water is recognized as diffieult but highly pro-
fitable for an enemy. if such contamination is suspected or
definitely indicated, the foods subsequently served may
tequire specinl selection and/or extra-tharough cooking,
ord drinking water may require super-chlesination. Other
appropeiate countermeasures cannot be forecast, but will
be determined by medical and command personnel.
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9770.78. PERSONNEL DECONTAMINATION

Personnel decontamination stations are used both for
BW/CW and for nuclear-fallout decontamination {see chapter
93800.124). The method of operation for all three types of
contamination is essentially the same; all details are cal-
culated to give the most thorough removal of the oily CW
agent, the dry BW agent, or nuclear fallout contaminonts
that is possible by a scap and water tregtment. The pro-
cess is described elsewhere, but certaln points are to be
emphasized. - In the first place, the process is me of re-
moval of contaminants which are inherently extremely
difficult to remove. As with decontamination of materials,
use of much water is of little value; what counts is
thorough and vigorous detergent-and-water scrubhing and
rubbing, with emphasis on the parts ¢f the body most likely
to be contaminated, and on skin cracks and gevices {as
around fingemails) and hairy areas. The use of moderate
quantities of ane percent hypochlorite solution (loundry
bleach) together with detergent is expected to give better
results than the use of soap alone. The liquid bleach can
be picked up in the cupped hands fram containers provided
in the decontamination station, and rubbed onto oll parts o
the body while waiting for use of a shower. Slight but
hamless irritation may be expected on delicate areas; the
liquid should not be allowed in the eyes.

With BW contamination, rapidity of removal is of little
importance other than to make way for other men ond to re-
wm to duty. With NW contaminatian, speed is more im-
portant but not crucial.

With CW contamination, [f contamination 1z actuclly or
probably pressnt on the body, speed is of maximum import-
ance. Only the mrts of the baly most likely to be contami-
noted should be given detailed attention at first; thorough-
ness coupled with speed is paramount. Then consideration
must be given to other men waiting for decontamination;
all waiting must be minimized by efficient use of facllities.
It is highly desirable that personnel decontamination facili-
ties should be able to take care simultaneously of at
least half the exposed topside persannel. Personnel
watting 10 enter the decontamination station should be pro-
vided with buckets of hypochlorite/detergent solution,
cellulose sponges, and topside showers. These items pro-
vide for a preliminary decontamination of clothing and for
personnel cooling. Topside showers can be improvised
using firehose and fog nozzles. For efficient aperation of
o0 decontamination station, it is desirable that personnel
be given help in removal of clothing. Body contact with
contamination on the cutside of clothing is minimized by
removing the outer gamment first, then footwear, glaves,
socks, and underwear, in that order. The protective mask
is removed last, just befare showering.

9770.79. DETECTION

Liquid Chemicol Agent Detector Paper M6 or MGA1*
{tiqure 9770-18) is an exceptionally versatile material and
today is the Navy's first-line item for detection of liquid
CW agents. {It is generally marked "’Liquid Vesicant

M6 and M6A papers differ only in size. Sheets of
the former are Sx 5 in.; the latter are 2-1/2 x 3-1/2 in.
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Detector Paper.’’} If in place at suitable points on the
ship, it is continually ready for instantmeous respmse to
droplets of all known Hquid CW agents. [t is usually
serviceable for a matter of weeks, and its response can be
checked at any time by application of a drop of methyl
salicylate (ail of wintergreen), a medical store item, which
gives the same red cola as do the liguid CW agents. The
MB paper does not provide edvenee, of warning, detection; it
only shows that liquid CW agent is already on the ship and
on its topside crew.

It is important to note that MB paper responds identi-
cally (by a green-to-red color change) to atl liquid CW
agents. That is, its response is exactly that required to
indicate the MC class of CW agents. The value of M6 (or
MEAL) paper as ¢ universal detector of liquid CW agents is
obvicus when it is recognized that gll the liquid, or MC,
agents require the same initial personnel-protective and
ship-protective actions. Identification of the particular
agent or agents present is necessary and is to be given a
high pricrity, but the required initial actions by command
and by individuals are to be taken at once, before specific
agent identification is made by one of the kits or other
devices. Droplets of the MC agents all result in detector-
paper spots having a diameter four 10 five times that of the
droplets themselves. This ‘‘magnification’’ aids in the
detection process, but close and careful inspection Is
nevertheless required to observe the spats resulting from
droplets of 100 to 200 microns (0,004 to 0.008 inch) ar
less. Based on the previous discussion of small-particle
impacticn, it will be recognized that the M6 paper will be a
more efficient and sensitive detector of smaller particles
if it is curved around a plpe, stanchion, or other cylindrical
object which is not more than an inch or so in diameter. In
the form of a verticol cylinder the detector paper also is
effective for a wide range of relative wind directions, and
is less exposed to the deteriorating effect of sunlight.
During periods of probable CW attack, the detector poper
should be under observatian at cantinuously manned watch
stations which are fully exposed to the weather and located
as far forward (or windward) in the ship as is practical. At
night, the paper cylinder must be capable of periodic re-
moval to a lighted area for examinatian.

The shelf life of detector paper is 10 to 20 years at
700 F. At temperatures between 1259 F. and 1500F., the
paper may change color slightly and lose sensitivity over a
period of months. However, useful sensitivity is retained
after six months at 1652 F. Stored paper should not be dis-
carded unless a spat test with ol of wintergreen shows
development of the red color to be markediy slower or
weaker than on fresh poper. Outdoor weathering also re-
sults in deterioration, and this is accelerated by high
temperature and intense sunlight. Three weeks Is an
average topside lifetime for MG detector paper. Exposed
paper can be tested for sensitivity in the same way as
stored paper. .

Of the various fuels and other liquids present in large
quantities on Navy ships, only Cellulube 220 hydmulic
elevator fluid gives a response on MG paper that in any
woy resembles that of liquid CW agents. As can be eastly
demonstrated, however, the Cellulube 220 respmse is
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comparatively slow and pale. Dilute acids, alkalis, and
hypochlorite produce no color change.

Chemical agent detectar paper MB (fiqure 9770-18) is a new
material, and distinctly different from M6 paper. M8 paper
also is described as 3-way or differential detector paper.
At mesent it is furnished only as a component of the de-
tector kits. It con be mounted at the same location as the
M6 paper, or reserved for follow-up tests after the M§
paper gives o positive response. The M8 detector paper
tespords differently to the three mjor types of liquid CW
agents. The color with mustord is red; with G agent,
yellow; and with V agents, greenish-hlack. Variotion in
color accurs with agent mixtures. M8 paper is valuwble in
rapidly identifying a liquid agent by type ofter M6 paper
has shown that o liquid agent is present. Although an
efiort should be made as soon as possihle to confirm the
M8 test with the regular kit tests, agents of very low
volatility may not fumish enough vaporfer a positive kit
test.

The M6 paper is expected to remain the primary de-
tector for liquid CW agents on shipboard for the following
reasons: 1, Since the color change of the M6 paper is the
same forall liquid CW agents or any cambination of them,
the observer is net required to decide whether g spot an
the paper is red, yellow, greenish-black, or nane of them.
He can therefore sound the alarm more quickly and surely.
2. The M6 paper will give the correct red response to any
liquid CW agent mixture, whereas M8 paper will give
uncertain or indefinite colors with some mixtures, and may
indicate some mixtures as single agents only. 3. The M6
poper is less apt to give a false alarm. On M8 paper o
spat of soot or black oil may resemble the greenish-black
V agent test.

Two CW ogent detector kits are available to most Navy
ships. The M15A2 is shown in figure 9770.20 and the
M18A2 in figure 9770.20. Similor views of the MIBA2 kit
and its refill kit are shown in figures 9770-22, 9770-23,
and 9770-24. The M15A1 kit provides tests for the following
agents or agent types: nerve agents (the enzyme ticket
test}, G agents (a separate test), H agents, CK, and CX.
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The M18AL kit provides the above tests and, in addition,
tests for orsenicols (L and ED), AC and CG.

Many ships still have the M15 and M18 kits rather than
the newer Al models. The Al kits are a radical improve-
ment over the earlier models in that they contain the enzyme
ticket test. This is o very sensitive test for all nerve
agents, including V ogents. The M15 and M18 kits cannot
test for V agents.

The detection kits, in contrast to the detector papers,
are to detect the presence of CW agents in the vapor state,
and to identify particulor types of agents. They give no
advance waming of approaching guses or aerosols. Their
purpose, once a CW attack is known to have occurred, is to
identify the agent or ogents for guidmnee of the Medical
Department, and to tell when protective masks may be re-
moved with safety. The kits moy also be used to locute
the contaminated and uncontaminated areas of the ship,
and to check the campleteness of decantamination. Since
the kits are designed to take qir samples only, auxiliary
means must be used to test for contamination of material
or surfaces. Clothing, gas masks, and similar items to be
tested can be placed in a tightly covered metal container
for an hour, and the air close to the material then tested.
The container serves to confine and retain the agent that
evuporates; in the open mest agents evaporate so slowly
that the vapor is carmried away before enough accumulates
to provide o sure test. Similar cenfinement of the air in
contact with a section of deck or bulkhead con be accomp-
lished by covering the section with a small shallow can.
After a few minutes a hole is punched in the container to
permit the insertion of the end of a detector tube or de-
tector ticket, and the air sample taken. A visible liquid
film can be identified for the specific agent present by
wiping with @ small piece of absorbent cotton, cloth, or
paper, then holding the cloth or paper in contact with the
detector tube or ticket while an air sample is drawn through
it. Such a film can, of course, be given the tests for
liquid CW agents by pressing against it o piece of M8 or
M6 pape:, or both. M6 paper never should be wiped or
rubbed on a surface. The abrasion alone can produce red
marks which might be regarded as a positive test.
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Detector kits will give more rapid, direct, and reliable
results if one or more well-protecied men perfom the
sampling, and if the other steps required in using the kit
are token by personnel inside the ship in good light and
under conditions favorable for handling the various kit
components. The latter men obviously must wear pro-
tective gloves when handling detector tubes, tickets, or
other components which may be contaminated.

It is now recommended that all detector kits, except
those reqularly used in training, be stored under refriger-
ation—the coldest available. This will greatly prolong
the storage life of the kits, reduce the expense of periodic
replacement, and improve combat readiness. Kits placed in
cold storage should be conspicuously marked for easy
recogniton. Securely-fastened tags should bear the normal
kit expiration dcte; the date placed in cold storage; the
dates of removal from and replacement in cold storage, if
any; and the ship’s name, cold storage compartment, and
temperatute, Following are estimates of the storage life of
M15A2 and M1BA2 kits.

Table

Effect of Cold Storage on Life of Detector Xits

Storage Tem- Storage Life Kit Storage Life,

perature, De- Improvement Years
grees F Factor
70 l 3
40 2.9 ]
33 3.7 11
15 7.6 23
0 14 42

Valuable extensions of the storage lifeof detector kits
are also given even though a considerable time has elapsed
between the date of manufacture and the date placed in
cold storage. Typical details are given in Table

Table

Total Lifetime of Detector Kits Stored at Normal Tempera-
ture Then Ploced in Cold Storage, Years

Cold Storage Time Elapsed from Dote of Monufacture

Temperature, Placed in Cold Storage, Years

Degrees F 0 172 1 2 3
40 9 B 7 4 3
33 11 10 8 3 K|
15 23 19 15 7 3
0 42 35 28 14 3

9770.80. SELF AID AND FiRST AlID
Although it is not the function of this chapter to provide
medical information or instruction, it is desirable that
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every opportunity should be taken to fomilicrize persannel
with the essentials of the medical or medicaltelted aspects
of BW/CW defense. These essentials are:

1. Self-aid removal of CW agent droplets from eyes
by thorough flushing with a gentle stteam from any avaikable
source of water, fresh or salt. Flush each eye altemately
for a few seconds, for a total of two minutes, holding lids
away from eyeball with clean thumb and forefinger. Speed
is of utmost importance.

2, Self-aid use of M3 aintment to remove a few
drops of CW agent, from a relatively small area of the skin,
after first flushing the skin area with water, and blotting
dry. Follow instructions on the M5A] Protective Ointment
Kit (flat, olive-hrown can), which is packed in theMk V
potective mask carrier. The MS cintment is the large tube,
wrapped in gauze. This kit also contains the atropine in-
jector (syrette). Extensive contamination of the body with
liquid CW agent is best removed by an extremely thorough
soap-and-water shower, with use of hypochlorite solution,
in a decontamination station. Protective aintment M5 is
not o be used in or close to the eyes, as it is extremely
irritating to these tissues.

3. Self-aid, or buddy-aid, use of the atropine
syrette to inject one dose of atropine in leg, thigh, or
meaty part of shoulder or am, when use of this item is
indicated, should conform to Burequ of Medicine and Surgery
policy. At present this states that the individual injects
one syrette of atropine, his buddies inject the next two
syrettes, and over three syreties are injected under medical
supervision. If medical supervision Is unavailable, the
oflicer or petty officer in charge may authorize the admini-
stration. Syrettes should begiven at ten-minute intervals
a5 needed. Initial PAM (see Glossary) may also be glven
by other than medical personnel. .

4, Buddy-aid use of mouth-to-mouth artificial
respiration on personnel who have severe difficulty In
breathing or who have collapsed, due to nerve agent
exposure. All shipboard personnel should be drdlled in
this highly effective reatment, which can also save lives
of personnel who have lost conscicusness due to drownlng,
electrical shock, or smoke sufforation. Details of the
treatment, while simple, must be followed correctly. There
need be no fear of inhaling nerve~agent vapors from the
mouth of a victim, but appropriate precautions should be
taken if the victim’s face is contaminated. In o toxdc

atmosphere, the patient and buddy must wear masks, and
the beck-pressure arm-lift method used for respiration.

5. Use of hypochlotite solution by self or buddies,
to decontaminate the mask, clothing or body parts while
waiting to enter decontamingtion stolions. Equipment or
skin believed to be contaminated should be well sponged
and rubbed with the sclution; to keep hypochlorite out of
the canlster, the mask should be rubbed with o majst (not
saturated) spange only. The solution may be left on the
clothing, but the skin should be flushed free of hypochlorite
using showers outside the decontamination station. Special
care should be taken to keep hypochlorite out of the eyes.
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SECTION IIi. INDUSTRIAL BW/CW DECONTAMINATION
Part 1. Introduction

$770.91.

Industrial decontamination implies BW/CW counter-
measures which are beyond the ship’s own ahility to per-
farm. Nomally, it will be conducted at or near a shipyord,
advanced base, or other Navy industrial facility.

Although industrial BW/CW decontamination introduces
no new principles, it does involve three factors not found
in decontamination at sea. These are: 1. The chility to
suspend all normal activity and withdraw all personnel
from any or all sections of the ship; 2. the availability of
kinds and quantities of materials and facilities not present
aboard ship; and 3. the presence of BW/CW contamination
in areas or quantities not typical of enemy action. For
these reasans, industrial decontamination will often differ
from decontamination at sea in the details of its application
of bosic principles, and in the scale of its cperations.

Industrial BW/CW decontamination will normally aim at
chemically-complete decontamination rather than the
operationallycomplete decontamination which is charac-
teris tic of BW/CW countermeasures at sea. However,

owing to the effect of time and weather, chemically-complete

topside decontamination will be relatively easy to accom-
plish at an industria! facility. The ease with which below
decks industricl decontamination can be carried toa
chemically-complete stage will depend on the extent to
which the ship’s force has isolated the contamination and
physically removed surfoce contamination.

Part 2, Plans and Preparations

9770.101.

The first step in the industrial decontamination of a
ship is 1o make a careful estimate of the situation with
regard to the following factors. As far as practical the
estimates should be made prior to arrival of the ship at the
assiqned berth or mooring, The ship's force can perform o
preliminary CW evoluation, but is not equipped to evaluate
BW contamination. Therefore the ship should be isolated
until the BW evaluation can be performed, and the ship's
CW report checked.

1. The agents or classes of agents present.

2. The extent of the contaminated areas of the ship.

3. The presence within such areas of sensitive
equipment, such as communications or ordnance material,

4, The degree of cantamination, such as pools of
liquid, thin films of liquid, or contaminated paint or grease
with no liquid agent visible.

5. Accessibility of the contaminated sections and
routes by which they can be reached.

6. Special problems in persannel movement, includ-
ing transfer of personnel to and from the personnel dressing
and decontamination site.

7. Feasihillty of normal or jury-rigged ventilation.

8. Availability of steam, fresh watet, and electric
power.

9. Awvailability of butyl-rubber protective clothing,
and means for its decontamination daily.
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10. Air temperatures to be expected below decks,
topside, and in transit of rubber-suited personnel.

11. Feasibility of cooling rubber-suited personnel
by cool-air blast, evaporative cooling using an absorbent
overgarment, or periodic drenching with cool water,

12. Length of work periods, and number of work
periods per day, which can be expected of rubber-suited
personnel.

13, The availahility of clean and tight barges or
wanks for holding contaminated water,

14. Facilities for personnel dressing and undressing
and for personnel decontamination.

15. Medical focilities which are equipped and
trained to handle cases of exposuse to the agent(s) being
decontaminated.

16. Bacteriological laboratory facilities for taking
and evaluating surfoce and air samples for BW contami-
natian.

Decisions and plans are then made as to the decon-
tamination procedures to be used, the supplies and facili-
tles required, the number of personnel needed, personnel
training and possihle dry mns, personnel deployment for
operations, monitoring and safety procedures, and approxi-
mate scheduling of all phases of the operation.

Thecontaminated ship should be located at an isolated
point, though not necessarily a remote one. A location at
whichthe prevailing wind istoward unoccupied creas is
highly desirable. Steam and electric power fram the ship's
own system, from the shore, or fram a service craft will
be a ncrmal requirement. Thete need be no unreasming
fear af the hazard of CW vapors or BW aerosols to nearby
ships or areas, inasmuch as this will not be materlally in-
creased by controlled decontamination processes. More-
over, the hazard should dectease rapidly as thework pro-
gresses. In any cose, the operations plan will include
frequent monitoring of the atmosphere in appropriate
sections of the ship and in nearby areas downwind.

The evaluation of aerosol or surfoce samples for BW
organisms nermally requires 24 hours or longer. Therefore,
in crucial phases of BW decontamination, it may be neces-
sary 1o defer subsequent shipboard operations until laboro-
tory evaluation reports have been received.

Part 3. Operations

770.111.

As previcusly emphasized, the CW deconiomination
process ingeneral will recognize that the liquid CW agents
are extremely toxic oily subtances which readily penetrate
paint, greasy or porous materials. BW industral decontomi-
nation operaticns will recognize that BW agents are best
decantaminated in place, with special precoutions taken to
avoid the setting up of secondary cerosols of the microbes.

The specific decontamination processes and procedures
selected will depend on the nature and quantity of BW /CW
agents present, on their location on the ship, and on the
materials and focilities availohle. Two examples will be
given, together with suggested actions.
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9770,112. CW DECONTAMINATION

A ship has received extensive topside contamination
with CW agent(s) believed to be a VX-mustard mixture.
Ventilation intakes and fans are extensively contaminated,
cool surfaces in machinery spaces are moderately con-
taminated, and there is very light contamination of a number
of compartments throughout the ship, including the hot
areas of machinery spaces. A very thorough chemically-
complete, decontamination job is required in order that
repair of hattle damage and modemization of major facili-
ties can go forward at maximum speed without the necessity
of protective masks or clothing for shipyard workers.

It is assumed that the operationally-complete decontami-
nation of the ship, previously carried out at sea, has in-
cluded all-over topside use of washdown and firehosing,
plus application of standard decontamination solution to
personnel-traffic and personnelcontact areas. In addition,
weathering wil! have improved the effectiveness of the
operationclly-complete decontamination.

A major remaining problem may be retention of BW/CW
dgents in greasy or oily surfaces. This can best be declt
with by a degreasing operation. It is therefore recommended
that the first decontamination step topside, after the initial
survey (9770.101), be the all-over spray application of a
light-duty or medium-duty solvent emulsion cleaner, cut
with diesel oil in proportion as for light-duty cleaning.

This diluent will minimize the fire hazard and will remain
on surfaces without evaporating for an extended period,

thus promoting extraction of CW agent from paint, etc. The
emulsion cleaner should be one that can be applied to all
topside fittings ot equipment without cousing significant
deterioration other than through removal of oil or grease
film. The cleaner should alsc be one that will not cause
any substantiol deqradation or deterioration of paint or
rubber. In areas known to be greasy or oily or heavily con-
taminated with CW agents, the cleaner should be epplied
with sufficient rubbing or force to dissolve fully the oily
material. After 24 hours or longer, the entire topside should
be very thoroughly hosed down with freshwater, or salt water
followed by fresh water, until all traces of the emulsion
cleaner are washed over the side. In an industrial operation,
it is very unlikely that this topside wash water will contain
sufficient agent to result in detectable contamination of

the adjacent body of water, Retention of this water in tanks
or barges for further decontamination and disposal may be
necessary in certain areas, however. The ship should now
be essentially oil and grease-free topside.

Since ventilation fans and contiguous ductwork are
relatively small in areqa, and are also difficult to reach
for repeated decontamination treatment, it is recommended
that they be decontaminated with the stondard hypachlorite-
detergent decontamination solution, as for decontamination
at sea. The entire contaminated area should be vigerously
scrubbed or swabbed with the mixture. Approximately four
hours after the scrubbing is completed, the hypochlorite
should be removed completely by wiping or hosing. Any
hypochlarite remaining will be an active source of corrosion.
The amount of liquid applied should be kept to o minimum
to prevent it unning to inaccessible sections of ductwark.
The location end degree of contamination may require re-
maval of ductwork for separute treatment.
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A resurvey now can be made to detect residual topside
contamination, with extra gttention given to the following
points and areas: those likely 1o have been heavily con-
taminated, those difficult to reach with decontaminant,
and those likely to retain contaminants tenaclously. In
the third qroup of areas are comers and crevices, enclosed
or concealed sections of machinery and fixtures, porous or
still-greasy surfaces, and many painted surfaces.

Painted surfaces still giving a positive test con be
treated with @ paint stripper & remove agent and paint
together. Strongly alkaline types are preferred for non-
sensitive surfaces such as decks and bulkheads, becouse
the alkali assists in destroying the agent. However, for
surfaces sensitive to alkali, such as acluminum, an arganic-
solvent stripper must be used. In either case, the subse-
quent water flush to remove paint and agent residues must
be run into a holding tank or barge for subsequent treatment
as required. Treatment should involve: 1. holding until
alkaline hydrolysis is complete, or 2. the addition of dis-
solved hypochlorite, in the amount of cne-half pound of
calcium hypochlorite per 100 galtons of water, to accelerate
destruction of CW agents, together with a memns of recir-
culation or other adequate mixing,

A similar process is suggested for painted surfaces
below decks. However, two special factors may now apply:
sensitive communications and other equipment may be
present, and large amounts of oil and gtease will In all
probability be present in machinery spaces and bilges. The
sensitive equipment, whether below decks or topside,
should be treated by the simplest procedure that will ef-
fectively decontaminate. The solvent-emulsion treatment
may have & be repeated with greater emphasis on reaching
concealed ports, and on agitation, scrubking, or other
mechanica action. Prolonged ventilation with dir as hot
as the equipment will tolerate may be tried.

If these treatments are inadequate, the procedures of
this manual® for reconditioning flooded equipment should
be used, without, however, applying sea water at any time,
It is not believed that an ultrosonic treatment™ will normatly
be required. The contaminated machinery spaces and fit-
tings are probably best given one or two all-over treatments
of a heavy-duty solvent emulsion cleaner cut with diesel
all. Scrubking and additienal applications of emulsion
cleaner moy be required on exceptionally greasy surfoces.
After all surfaces are thoroughly flushed with fresh water,
which is drained to the bilges, two further steps con go on
concurrently. When dry, the treated surfaces can be
tested for agent, with positive-test areas further treated
with alkaline paint stripper; and the hilge water-oil mixture,
with the addition of emulsifying agent, ¢an be continucusly
recirculated by pumping to dissalve or take into suspension
all agent-contaminated cil and grease.

The bilge treatment® is similar to that used for cleaning
fuel-oil tanks, etc.; an ample supply of alkaline heavy-duty
emulsion cleaner is used, and steam hecting is carried on
carefully to avoid producing excessive amounts of agent
vapor. If the vapor concentration remains low, the bilge
water and emulsified oil is heated by steam, with recircu-

#Ngval Ships Technical Manual, chapter 9190.
¥Bureou of Ships, Joumal, July, 1959, Page 24,
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lating pumping, until all cil and gretse is believed to be in
suspension. The addition of small amounts of previously
dissolved calcium hypochlarite is recommended to promote
decontamination of the bilge water in place. One-half pound
of hypochlorite per 100 gallons of water should be suffi-
cient. This is a 0.05percent selution. The bilges now
can be pumped and flushed until clean, and the water re-
tained and treated as necessary in the same holding tank or
barge mentioned previously. If consistently positive tests
for ogent still are obtainable on hilge surfaces, the obove
treatment is repeated with a lenger period of recirculation
and with both the recirculation and steam heating optimized
in the contamincted zone.

It is believed that the above typical and generalized
procedures can be applied, with adjustment for special con-
ditions, to most problems of industrial CW decontamination
of ships.

It will be recognized that, even though approvéed pro-
‘cedures for decontamination and monitoring have been fol-
lowed, contamination may persist in inaccessible areas,
for example, undemeath machinery foundations or behind
thermal insulation. Therefore, thotough and rescurceful
monitoring should be condvcted preceding, and in con-
junction with, subsequent overhaul or repair operations.
Careful check should be made of areas undemeath or be-
hind machinery ond fixtures which have been removed.

Spot treatment of any surfoce contamination found can be
petformed by scrubbing with a strang hypechlorite/
detergent mixture, and alkaline paint remover used as
required,

No general statement can be made on the practicability
of decontaminating highly absorbent material such as lines,
hose, tarpaulins, etc. However, it may be found ecanomi-
colly feasible to soak such materials in a tank of one per-
cent solution of an alkali, such as soda ash, containing
0.1 percent hypochlotite.

In connection with normal industrial operations on a pre-
viously decontaminated ship, the necessity of protection
for workers should be carefully weighed. The wide use of
protective goggles and butyl-rubber gloves may be deemed
advisable. The need for wearing gas masks in topside
areas is unlikely, but a below-decks requirements for masks
may arise.

1t should be noted that the use of steam-cleaning pro-
cedures, using high-pressure steam quns, has not been re-
commended. Although highly efficient for removing gqrease
and heavy oils, an cerosol and vapor hazard could result
from the use of such procedures on CW-contaminated ma-
teral. However, it is visualized that steam-gun cleaning
may occasionally be required for complex and heavy mecha-
nisms, such as gun mounts. If steam cleaning is used,
there should be full understanding of, and provision for, the
hazards invalved, particularly to downwind areas.

Protection of persoanel conducting any industrial
decontamination procedures should be thorough and com-
plete, using special butyl-rubber suits throughout. Facili-
ties for change of clothing, personnel decontamination, ond
medical supervision will be required also (see chapter
9900). Although all of the steps listed are calculated to
minimize vapor concentrations, if these appear to be high,

Chapter 9770

air-line masks for industrial decontamination workers may
be preferable to the standard Mk V mask {the hose line
itself must be carefully quarded for contamination, which
might soak through and contaminate the breathing air). No
man should work in below-decks contamination without a
safety observer, equally well protected, nearby. Responsi-
ble and expert supervision must be exercised in all phases
of the operation. This supervision includes the frequent,
careful, and judicious use of detection apparatus to ensure
personnel safety ond adequacy of decontamination,

9770.113. BW DECONTAMINATION

If the ship under treatment is known to be BW-
contaminated, a survey of the location, extent, and degree
of the agent deposits is indicated, as for CW contamination.
This will require the services of an experienced bacteri-
alogical labomatory, which will also supply inlomation on
the identity of the BW aqent, and therefore of its suscepti-
bility to standard decontamination procedures. However,
only the most resistant spore-forming organisms can be
expected to survive topside weather canditions until the
ship’s arrival at an industricl focility. In cose such are
detected, an all-over tapside treatment with standard
hypochlarite-detergent solution will be required. Scrubbing
accessible tregs with the solution is highly desirable, All
solutions must be flowed on to minimize secondary aerosols.
The final removal of detergent and hypochlarite may be with
fire hose. Interior decontamination, however, is the most
likely problem, with the locations and degree of contami-
nation resembling those cited abovefor CW agents. Although
BW agents may be expected to adhere to palnted surfoces,
they do met penetrate or diffuse into these materials as do
all liquid CW agents.

Large-scale industrial decontamination of a ship’s
interior nommally will use one of the proven vapor-phase
decontaminants, such as formaldehyde, ethylene oxide,
carboxide, ethylene oxide/Freon, or beta-propio-lactone
(BPL). Al are relatively noncorrosive, although on end-
product of the beta-propiolactone treatment is a very dilute
soluticn of propionic acid. This acid is comparable in
comosiveness to vinegar. Formaldehyde (formalin) is per-
haps the simplest and most recdlly available. It Ls easily
vaporized with steam, which also supplies the heat and
high humidity required. Excessive persistence of the
formaldehyde odor can be countered with a light post-
tregtment with ammonia vapor.

No vapor-phase decontaminant is regarded as an all-
purpose BW decontaminant. Formoldehyde requires relative
humidities abave 70 percent and temperatures chove 70°F.
Ethylene oxide excels in penetrating power, and is effec-
tive at low relative humidities but is slower than formalde-
hyde, and is inflammable unless diluted with carbon dioxide
(Carboxide) or Frean. BPL is the most potent BW decon-
taminant, and will work at cool temperatures, but requires
relative humidities of at least 70 percent, and at present
must be stored under refrigeration. BPL is a vesicant, and
rubber or leather, which has been exposed briefly to BPL
vapor, can produce severe reactions when worn in close or
confined contact with the skin. Although BPL Is of proven
effectiveness in decontominating the interiors of large
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structures contaminated with resistant spores, its use at

present requires specially-trained or professional personnel.

To ensure that the vapor-phase decontaminant reaches
all contaminated sections of ventilation systems, access
plates must all be removed. Direct injection of steam—
formaldehyde or other decontaminant into weather ends of
the ducts and into fan housings may be advisable.

It canoot be stated at present that a 24-hour treatment
with one of the vapor-phase decontaminants will kill all
organisms an greasy surfaces or in bilge water. Therefore,
the post-decontamination survey will check these points in
particular. A solvent-emulsion trectment may be required
prior to a second vapor-phase decontaminant application
to assure removal of the grease ond oil which may protect
orgmisms from the decontaminant vapor.

Chapter 9770
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APPENDIX B
Bureow of Ships Master Allowance List Summary of BW/CW Defense Clothing ond E quipment for Reprasentative Ship Types

a0 | ace | a0 [ apa [ app [atanare[cascac]| ce [ cvaa [cvass | cvs [oome | oo | st | we [ mso
T T 1T T T 1 T T T T — T —
Protective Mask, Mk ¥ 105% of Wartime Complement -
4240-268-9732 | | ‘ | I
Impregnated Clathing Outfits 25% *30% 5% *30% *30% 0% of Complemant —-
BATS-261-6867, 4648 l | ] | |
Rubber Dvershoes, Pr. 25% *30% 25% *30% *30% 0% of Compl ] hant
B8430-144-1451
Rubber Glovaes, Pr. 54 45 63 54 18 18 72 63 216 387 198 7 27 27 18 18
B415-753-6551
Detergant, Decon., Lbs. 200 150 200 300 100 50 250 200 700 1300 650 100 150 100 50 50
6850-664-2008
Detector Kit, MI5A2 4 4 4 4 4 2 10 10 » LY 16 6 8 4 4 2
6645-903-4766
Detector Kit, MIgA2 2 4 2 2 2 2 4 4 ) 8 4 2 2 2 ] 0
S665-893-4767
Detector Paper, MSA1, Book 8 8 ] 8 8 4 6 L 16 16 16 8 8 8 4 4
6665-285-6175
Tast Kit, Impregnated Clathing 2 5 2 5 1 1 5 5 8 9 [} 1 1 2 1 1
8630-348-6147
Knes Boots, Rubber, Pr. 36 30 42 36 12 12 48 42 144 259 132 18 24 18 12 12
8430-147- 1019
*Plus additional outfits, if nesded, to outfit boat crews.
{A listing of BW/CW medical defense items can be obtained from Code 7214, Bureov of Medicine ond Surgery, Novy Department)
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ABC

Adiabatic lapse
wate

Aerosal

Agent

Air change

Atropine

Bialogical warfare

agent

BPL

Buddy aid

BW
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APPENDIX C
Glossary

Atomic, biclogical, ond chemical;
applied 1o warfare; anobsolete term
which has been replaced by NBC.
Also a collective term for America,
Britain, and Canada inreference to
BW/CW items jointly standardized.

A cordition of temperature balance
between all levels of the atmesphere
such thot there is no tendency for
vertical air currents; in dry dir it is
a decrease of 5.59F. per 1000 feet
of altitude.

A suspension of fine liquid or solid
particles inair, the particles being
small enough to remain suspended for
a significant periad of time.

An active toxic material, or other
primary functional material, of bic-
logical and chemical warfare; in ad-
dition toantipersonnel agents, it
broadly includes smokes, incen-
diaries, anticrop and antionimal
materials.

An air volume equal to a compart-
ment volume; passage of this
volume of air througha compartment;
a misleading term in that, with good
mixing, only 63 percent of the air
originally in a compartment is re-
moved by one alr change.

A drug copableof partly reversing
some of the effects of nerve agents.

Any micro-organism militarily useful
in causing disease in man, plants,
or animals; also hiclogical agent or
BWA.

Beta propiclactone, a chemjeal useful
in vapor-phase decontamination of BW
agents,

On-the-spot and immediate assistance
given by any awailoble person to a
crew member contaminated or affected
by CW agents; includes injection of
atropine, assistance. in personal de-
contaminatian, and artificial res-
plration,

Bialogical warfare, the intentional
employment of a biological agent in
military operations.

Calcium
Hypochlorite

CBN

cC2

Chemically com-
plete Decontami-
nation

Chlorinated
paraffin

CK

Class X

Class Y

Class Z

Collective
potection

Contamination

Cs
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A chemical, Ca{OC1),; the standard
chemical decontaminant for BW and
CW on shiphoard.

Chemical, biological, and radio-
logical; applied to warfare ar agents.

A chemical containing active
chlorine; the impreqnite or active
materiol in impeagnated CW frotective
clothing.

A relatively thorough degree of de-
contamination such that the appro-
priate chemical test fails to give a
positive test for residual contami-
nation. Comparable to industrial
decontomination.

An inett, extremely viscous liquid
used in Class Z protective clothing
to absorb CW vapors and retain CC2
powder.

Symbo] far the CW agent cyanogen
chlaride.

Navy BN¥/CW protective clothing
which is impermeable to air and re-
sistont toliquid CW agents; rub-
berized clothing; standard wet -
weather clothing.

Navy BW/CW unimpregnated pro-
tective clothlng which is permeable
to air and CW vapors, but is designed
for complete body coverage; tem-
pararily or partiolly excludes BW

ond liquid CW agents.

Class Y clothing which is treated
with CC2 and chlarinated paratfin
to neutralize CW agents.

Group protection against BW and
CW; mrovided by the ship structure
and by exclusion of contamination.

BW/CW agents alane or mixed with
air, water, dust, dirt, or other ma-
terial which thereby becomes a BW/
CW hazard requiring exclusion, de-
contamination, or removal.

A riot-control or tear ogent; used

in gerosol form; not cansidered o
CW agent.

Phosgene oxime, a quick-acting and
intensely irritating CW agent.
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Chemical warfare
agent

Concentration

Ct

Decay

Decontaminatian

Detection

Detergent

Disinfectian
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Any nonliving substance militarily
useful in producing death o in-
capacitation through biochemical
actian; also chemical agent or CWA.

Quantity of material in a unit volume;
fox airborne CW agents is given as
milligrams per cubic meter or the
numerically-equivalent micrograms
per liter; far airborne BW agents is
given as orgonisms per liter; for
for liquid solutions, such as
hypochlorite, is given as percent by
weight, or in other units. One per-
cent concentration in water is one
ounce in 3 quarts (6 lbs.) or six
ounces in 18 quarts (36 Ibs.).

The concentration of anairboene BW/
CW agent, multiplied by the length
of expesure in minutes; dosage;
exposure.

Decrease in concentration of BW o
CW agents inthe air or on swrfaces;
due to ventilation displacement of
air, death of airbome organisms, or
evaparation of CW agents from sur-
faees; often follows an exponential
cowrse, initially fast but becoming
progressively slower.

In q broad sense, tny process which
reduces or eliminates the effect of
BW/CW agent at a particular point;
in this sense it includes not only
chemicel neutralization, destruction,
or sterilization, but also simple
removal by washdown or evaparation.
In a limited sense it refers only to
actual detaxification of CW agents or
sterilization of BW agents.

A rocess by which the apmanch or
presence of BW/CW agents is made
known. See also waming-detection
and identification-detection,

A soap-like cleaning and emulsify-
ing substance. In a broad senseit
includes soaps, but commonly refers
aly to modern synthetic, non-soap
detergents or surfactants which are
usable ineither fresh waier or sea
water.

A mocess whichrenders BW agents
ar bactetia incapable of producing
infection; an inexact term which may
imply something less than complete
sterilizatlon,

Dosage equi-
vulence rule

Dynamic test

Enzyme

Exponential

First Aid

Gas Mask

G agent
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The rule that the BW/CW dosage In
an enclosed but non-girtight space,
which is exposed to a contaminated
cutside atmosphere is the same as
in the outside atmas phere; a limiting
a ideal rule which is approached
mere o less closely in practical
situatians.

A test for compartment tightness
which continuously supplies air at
constant rate; whena steady pres-
swre is reached in the compartment
the leak rate is equal to the mate of
air supply; measwrement of the supply
volume and the compartment messure
defines the compartment tightness.

A motein which cantrols or ac-
celerates a chemical reaction in a
biolmical system; An indefinitely
large number of enzymes exist; the
cholinesterase enzyme inthe detectar
ticket causes a color-roducing
reaction except in the presence of a
CW nerve agent; the nerve

agent, which is an anti-
cholinesterase, or anti-enzyme,
compound , reacts with the enzyme
and thus prevents the color-forming
reaction.

A rate of increase or decrease in
which the mate is at all times pro-
pational tothe size of the quantity
whichis increasing or decreasing;
many natural processes ocowr at
exponential rates.

In the BW/CW defense system, first
aid is the firsthelp given by medical
personnel; because of the quick ac-
tion of some CW agents and of the
possibly large number of casualties,
the first steps in helping casualtles
or contaminated personnel must be
salf-aid or buddy-aid.

The standard military masks for
BW/CW motection are gas mosks;
they are not intended for protection
against oxygen deficiency; the term
Hprotective mask’’ is preferred.

A highly toxic phospharus compound
with anticholinesterase action; GB,
GD, and GA are the common members
of the group.
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Germ

HE

Hydralysis

Hypochlarite

Identification -
Detection

Impacticn

Incapacitating
Agent

Individual
Protection

Industrial Decon-

tamination

Inversion
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A nontechnical term for a disease-
producing microorgaonism.

Mustard gas; the only common member
af the sulfur mustard group.

The splitting of a chemical compound
by reaction with water; a majar de-
contamination reaction; oftenac-
celerated by acid or alkaline solu-
tions, and by the presence of
hypochlorite.

Designates any of the class of
hypochlarite compounds; in the ship-
board BW/CW defense system, it
refers to calcium hypochlorite or

its solution in water.

A CW identification process which
identifies the agent cr type of agent
present; the process is started afrer
a CW agent is known or suspected to
be present; the process uses the
M15A2/M1BA2 detectar kits and/or
MB detectar paper.

Collision of an oetoscl particle ar
spray draplet with an obstacle,
fallowed by adherence to the
obstocle.

A BW o CW agent which renders o
person unfit for military duty without
permanent injury. Riot or tear agents
{CS @ CN) incupacitate for a few
minutes, agents which produce dis-
arientation and confusion (BZ) in-
capacitate for a few hours, and blister
agents (HD) incupacitate for o few

" days or weeks; duration of effects

varies withdosage.

The process of means of protecting
an individuol in BW/CW; includes
potective mosk, clothing, and cloth-
ing accessories; contrasted with
collective protection.

Decontaminaticn at a Naval industrial
focility to render ¢ ship safe for
workmen. Comparable to chemically
complete decontamination.

An inversion of the normol temper-
ature gradient in the atmosphere so
that tempetature increases with
height; contributes to a highly stable
atmosphere; normally begins at sea
ar graund level, but may beginat any

MC agent

Microbe

Microorganism

MO agent

M5 cintment

M6 Detector
Paper

MEAL Detector
Paper

M8 Detectar
Paper

M15A2Z Detectar
Kit
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elevation; it then is on inversion
cap which blocks vertical air and
gerosol movement through the cap,

A CW agent requiring both protective
mask and clothing for individual
protection; includes all liquid CW
agents, all of which qive a red

caler with the MB detector paper.

“The ward formed from “micro”

(small) and "bios” (life); a micro-
organism, generally disease pro-
ducing; a pathogen.

0.001 millimeter, 1/25000 of an
inch; a human hair is of the order
of 30 @ 40 microns in diameter,

A very small living thing, not nec-
essarily disease-producing; a
microbe.

A mask-only agent; a BW/CW agent
not requiring protective clothing for
adequate individual protection;
includes most BW agents and true
CW gases.

A very viscous, olive-drab colged
cintment containing ao aetive-
chlarine compound similar to CC2;
useful in decontaminating liquid
CW agents on the skin when hyp-
chlorite solutions dare not availoble.

The primary shipboard detector

for liquid CW agents an olive-drab
paint vehicle contains a red dye
which is extractable by liquid CW
agents; essentially unaffected by
other shipboard liquids; same res-
panse to ali liquid CW agents a
their mixwres.

Identical with M6 paper except for
size.

A differential or 3-way detector
paper which responds differently ta
V., G, and H agents; variable colars
produced by agent mixtures; ef-
fective for use with kits in identifl-
cation-detectian, or with M6 paper
in waming-detection.

A CW detector kit praviding tests
responsive to nerve agents, G
agents, H agents, CK and CX.
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M18A2 Detector
-Kit

NBC

NECW

Neutral Gradient

Neutra] Stability

Operationally
complete De-
contomination

PAM

Physical Defense

Pathogen

Pressure Test

Protective Mask

Radialogical

Warfare
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A CW detector kit providing same
tests as MISAL, plus tests far
arsenicals {L and ED), CGand AC.

An abbreviation for nuclear, biologi-
cal and chemical

NBC warfare,

A succession of air temperatures
from sea level upward such that
there is no tendency for the air

at any level to rise or fall; equiva-
lent to Adjabatic Lapse Rate {which
see).

The stability, oguinst vertical air
movement, of on atmosphere in which
a neutral temperature gradient
exists,

A degree or extent of decontamination
sufficiently thorough to atlow com-
pletion of the ship’s assigned task
without undue hazards to personnel.

A drug which, i cdministered be-

fere exposure to g nerve agent, In-
creases the effectiveness of atro-

pine.

The use of physical, mechanical,
o chemical means, devices o proc-
esses of decontamination, detec-
tlon, and persamel protection in
BW/CW; includes all types of po-
tection and defense except medical
ones,

A disease-producing microorganism;
microbe.

A standard Navy test for tightness .
in which authorized compartments
are messurized to a specified
value, ard the time measured for
the pressure to drop to a lower
value,

A military gas mask; the standard
shipboard protective mask is the
Mk V; it is designed for protection
against all known BW/CW qgents,

Waize conducted by, and with the
primary chjective of, the deliberate
ard widespread distribution of high-
ly radicactive materlals; not to be
cenfused with nuclear warfare,
which distributes radicoctive ma-
terfals as fallout, but only In-
cidentally to nuclear explosions.

RofC

Self Aid

Semilogarithmic

Slurry

Solvent Emulsion
Cleaner

Stable

Static Pressure
Test

Syrette

Test Kit M2

Ticket

Turbulence

Unstable

Vapor Phase
Decontamination

Yector

Rate of change of air in a ship's
compartment; usually expressed In
minutes per change; see Alr Change.

Perscnal decontamination and ad-
ministration of drugs by the persan
affected.

A plot or graph in which one axis is
ruled ona logarithmic scale.

A thick, soupy suspension of a
solid in a liquid.

A clegning mixture concentrate of
solvents and detergents which Is
diluted with a solvent for use;
water-rinsible.

Steady, not easily disturbed; applied
to an atmosphere in which the tem-
perature decrease with altitude Is
equal to, af less than, o neutral
gradient.

See Pressure Test.

A semioutomatic device for atropine
injections,

A kit for testing the CC2 content of
Navy Closs-Z impregnated clothing.

A specialized item used in the
enzyme test fof nerve agents; con-
sists of anenzyme-impregnated
disc of paper In a plastic holder;
found in the M15Al and M1BA2
detector kits.

Mixing of a gas or liquid by random
meverents x eddies; applied to
mixing of the atmosphere due to
wind o thermal instability.

Unsteady; easily disturbed: applied
to an atmosphere in which the tem-
perature decregse with altitude is
greater than a neutral gradient; i.e.,
a supet-adiabatic lopse rate pre-
vails.

BW decontomination in which the
decontaminant is vaparized, by heat
or spraying, and moves as g vapor to
all compartment surfaces; common
vapor phase decontaminants are BPL
or formalin (formaldehyde).

An Insect which transmits microbes

to man.
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Vesicant

Waming-Detection

Washdown

Water-Emulsion
Clemner

Wet Weather
Clothing
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A blister-producing chemical, such
as HD; incorrectly used in describ-
ing M6 paper because it was assumed
at one time that M6 paper would
respond only to blister agents.

A CW identification process which
identifies the agent or type of agent
present; the process ocours simul-
taneously with the arrival of the
agent on the ship; M6 and M8 papers
are the detectors used. Early-
waming or adwance-waming detec-
tors do not yet exist for shipboard
use.

The process or system by which the
weather surfaces of a ship can be
continuously sprayed with sea water
through piping and spray heads
connected to the ship’s fire mains;
used pre-attack for NBC protection,
post-attack for NBC decantamina-
tion, and at low pressure for per-
sonnel cooling.

Cleaning mixture concentrate of
solvents and detergents which is
diluted with water for use; water-
reusable.

Standard Navy garments designed
for complete protection from rain
and spray; adapted for NBC pro-
tection; is cooled and protected
from contamination by frequent sea-
water spray; Class X clothing.
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'"Disaster Control Aflaat and Ashare,’’ NAVPERS

1089944 ; 1964,

*Medical Moterial Program far Defense Against

Biclogical and Chemical Agents, Phase I, Burequ

of Medicine and Surgery Instruction 6710.50. Discus-

ses distribution of atropine and entibiotics for CW and

BY.

"Defense against Chemical Agenta’’, Chapter 14,

Handbook of the Hospital Corps, U.S. Navy.

""Blologic Warfare Defense, '’ Chapter 15, Hondbook
of the Hospital Carps, U.S. Navy,
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