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SECTION I. GEN ERAL 

Port I. Po., ... of this Chapter 

9770.1. 
It is necessary that all officers and men of the neet be 

supplied with practical, accurate, and up-to-date info""", 
tion on tiological and chemicol waulaue (BW/CW) defense 
at sea. A wide variety 01 manuals and other documents 
issued by the Navy, Morine Corps, and other services 
furnishes general or specialized data on many aspects of 
BW/CII defense. A selectioo of these Is listed in the 
Bibliography. None, hONever, deals directly with prob­
lems of BW/CW defense at sea. The purpose of this 
chapter is ta provide the information lacking or not readily 
avoilable elsewhere, and to combine it into 0 practical 
and effective shipboard system. Particular attentioo is 
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called to .. DI ...... eo .... i Ashore .... All ..... NAVPERS 
lO899A, a Navy training manual in BWlCW defense opera­
tions. Where differences exist, this chapter will take 
precedence over the information of NAVPERS 10899A. 

Port 2. Ori .. tuli •• i. Bw/CW at .. a 

9770.11 
TIle active materials or "agents" of present-day 

biological warfare (BW) and chemical warfare (CW) include 
a vouiety of microhes' (BW agents) and poisons (CW 
agents). These have been selected for their ability to 
cause temporary incapacitation, sickness, or death in per­
sonnel at sea or ashore. In bulk form, these agents are 
liquids, slurries of powders in water, or c::oncentr<lted dry 
paNders. In modern tOCticai use the agents are generally 
atomized in the air to give aerosols (microscopic airh<rne 
solid Plcticles, fine sprays, or mists) vapors, or cpses. 
For practical purposes, BW/CW agents in these forms 
are odorless; colorless, tasteless, and invisible. However, 
a concentrated sproy or aerosol cloud may be temporarily 
visible adjacent to an exploded or spraying munitinn. In 
addition, IIDst SWlCW agents produce no pain' or other 
sensation until physiological dmnage is well under way. 
These properties allow an attad<er to gain and hold the 
military advaatages 01 surprise and concealment to a degree 
thot is unique. Consequently, BWlcw agents are powerfai 
and versatile materials of war. 

The CW agents and weapoos of World Wars I and II did 
not pose a major threat ta the U.s. Fleet. The CW agents 
of that period were less toxic than the present nerve agents 
and lacked lethality by skin penetrotioo. In additinn, the 
mobility and dispersal of neet units mode their persannel 
poor targets lor CW weapons compared with troop concentra­
tions ashore. It was also reasooed during Wa:ld War II 
that any CW attock on ships could be bettered by canyon­
tinnal attack with high-explosive bombs, shells, or 
torpedoes. Later, with the postwar development of nuc1eor 
weapons, it appeared that toxic warfare at sea was a dead 
issue. 

Two factors have combined to modify these opinions. 
The first was international development, in the 1945-55 
decade, of the large lamily of CW nerve agents. This 
group includes the "v" and "G" series of agents. 
Although these vary widely in physica1 properties, all are 
extremely toxic. The secood lactor was the odvmx:ed 
development 01 agents, weapons, and USEH:OIX:epts of BW. 
Of particular interest to Naval faces is the possibility of 
cootaminating the atmosphere over thousands of square 
miles of the earth's surface in a coocealed attad< by a 
single airaaft or suJxnarine. 

"'Micr<Klfganism/ , "pathogen" J and "germ" are 
interchanyecl:>le with the ...,rd "microbe". 

'Exceptinns ore the relatively harmless tear gases and 
riat agents which are intended to produce temporary but 
immediate and intense irritation 01 the eyes and respiratory 
system; the toxic agents CK and ex have similar immediate 
effects, which are incidental to their lethal purpose. 
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Although BW and CW agents are entirely different in 
treir detailed effects on the human body and in the medical 
treatment required, and are olso very different in treir 
speed of oction, the U.S. Novy has found it useful to 
consider BW and CW as a single system of toxic warfare 
for defensive purposes. Several cpod reasons exist for this 
policy. In the first place, the delivery weapons are fre­
quently similar, if not interchan~able, for BW and CW 
ogents. Secondly, the movement of both kinds of agents 
from munition to target is generally in aerosol or vapor 
form, carried and controlled by wind md weather. Thirdly, 
many items and procedures of physical defense, such as 
the protective mask end clothing, decontamination, wash­
down and collective protection, are identical in BWand 
CWo These practical similarities in the defensive aspects 
of BW and CW hove led to 0 new Navy clossification of BW 
and CW agents which cuts across traditional agent group­
ings. All BW or CW agents which require the individuol to 
wear both the protective mask and protective clothing fall 
into the MC (Mask ond Clothing) group. Other BW and CW 
agents, against which adequate protection is given by the 
mosk olone, are in the MO (Mosk Only) group. 

It is desirable thot oll Novol personnel understcmd fully 
the reasons which huve led to a Single defense system for 
BW/CW at sea. It also is desirable that the differences in 
the offensive 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 nticrore is a sphere 
about 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 cen~ter of 
a 5~50 slurry of microres and water contains lQ1°, 
or ten billion lethal doses. Turning to CW agents of 
the highly toxic nerve agent group, a lethol dose by 
inhalation is about half a milliqram, ond there are roughly 
1000 lethal doses per cubic centimeter. The BW agent, 
in its munition, is then about 5 million times as deadly as 
the CW agent. If 95 percent of the nticrores are killed by 
slU1light or by drying on their airoome route to the target, • 
the BW ogent still has a 2t1l,OOO fold advcmtage in lethality 
at the target. 

Colculations like tre one just made, taken together with 
the incubation time of BW disease, sbow why BW agents 
appear to bove the potentiol for producing deloyed effects 
over very large areas as well as over smaller areas. CW 
agents, on the other hand, find their preferred use in 

'It is at just this point that the operational unknowns of 
SW are concentrated. Complete information is not yet 
available 00 the extent to which airrorne BW organisms can, 
in spite of the domaging effects of dehydration and sun­
light over periods of many hours, remain alive and cq>able 
of.infecting. Under ideol conditions, the death rate of oir­
borne BW organisms between munitions and distant target 
rnrry be less than 95 percent. More conunonly, it can be 
higher. However, the-e is no doubt about the ability of 
lifeless particles of the BW-agent size to travel long 
distances while airborne. 
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producing casualties quickly over areas of a square mile 
or less, or on a single ship. 

Differences in detectability also are important in under· 
standing the offensive uses and effects of BW md CN. The 
present first-line detection device4 for CW spray or aerosols 
has the capability for instant response. A CW attacker, 
therefore, must count on the prooobility 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 I are not available for shipboard use. 
Early indications of a BW attack may exist, but they will 
probably be indirect and inferential. [)etection of any kind 
may be delayed Wltil the appearance of disease symptoms 
arouses suspicion. An attacker, therefore, em assume that 
no prompt countermeasures will be taken as a direct result 
of the attack unless he himself reveals the attack by his 
actions. However, he must also recognize that there will 
be no reduction in the comOOt effectiveness of the target 
until the incubation period of the disease has elapsed. 

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

The following is a brief summary of fa::tors which make 
BW I and to a degree, CW, remarkably well adapted to use at 
sea. 

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

2. Any side of a high-seos target con be reached in 
concealment for discharge of BW/CW agents into the atmo~ 
phere. To a degree this is also true of islands and coastal 
oreas. 

3. The submarine or floating spray-munitions are 
effective means of discharging BW/CW aerosols at no risk 
to personnel conducting CIl attack. 

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

Part 3. Balle factors in BW/CW at sea 

9770,21. GENERAL EFFECTS ON PERSONNEL 
Although the effects of BW/CW agents ore purely 

antipersonnel,' they nevertheless vary over the entire rmge 

'MSAl Detector P~er, continuously observed. 
sSW agents may include certain materials of war 

designed to weaken or destroy food crops and dOll)estic 
animals. In a similar sense CW agents moy include incendi­
ary materials and screeaing smokes. Such materiols are 
of secondary interest for tre purpose of this chapter. 
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of the most deadly to the merely inc~acitating diseases 
and poisons. 

BW effects are those of comparatively rare human 
diseases (such as anthrax 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 
irritant) are more effective than the tear gases and vomiting 
gases of World Wars I and II. They also include agents 
which cause various kinds of temporary mental or person­
ality upsets. Some of these can seriously affect a person's 
judgment, working accuracy, and general reliability, all 
while he is WlQWare of his deficiencies. Mustard gas (HD) 
continues to he an outstanding eN agent for producing 
disabilities' among both masked and unmasked personnel. 
The nerve agents (G- or V- series) attack by the same 
routes as mustard gas (through the eyes, respiratory system, 
Cl' skin) to cause temporary incoplcUation or rapid death. 
In addition, the nerve agents are effective in much smaller 
amounts thtn mustard. 

In additiCll to the nerve agents and mustard, other 
powerful CW agents exist. They are mentiCJled In Appendix 
A and provision is made for theit identiflcatioo-detectial 
in the detector kits. The probability of large scale use of 
such agents as ~osgene, cyanogen dlloride, ~osgene 
oxime, nitrogen mustard, and the arsenicals is considered 
to be very small, however, because noo.e of them has a 
lethality or incapacitating power against masked personnel 
canpamble with the V, G, and HD agents. Nevertheless, 
it is recolJli.zed that the unexpected use of a less canmoo 
agent would have tactioaI value against poorly trained 
personnel. 

9770.22. THE TIME FACTOR IN BW/CW 
The speed with which individual BW/CW agents act CJl 

personriel, as well as the time requ1red for the victims' 
recovery, are rel<Jted to the time$, places, and situatlcns 
in which BW/CW attocks are most likely to be made. The 
symptoms of BW diseas .. generolly do not appear until days 
or weeks after exposure to the agents, and recovery-if 
recovery occurs;nay require days or weeks more. 'Thls 
means the BW agents are not quick~g tactical weapcns, 
but are best used lor delayed effects against CXIlvayS, 
advance bases, rep:lir facilities, shipyards, p'esortie 
roncentratiCllS of ships, task grwps at sea, and civilian 
populatioos. CW agents, OIl the other hand, can be selected 
for either immediate or delayed actiOll, for brief or pro­
ICJlged disability, or for temporary physJcal or mental in­
capacitatioo. In general, however, CW agents are best 
adapted for quick antipersonnel effects_ CW agents CXIl be 

'Of the total U.S. Army and Marine Corps bottle 
casualties in World War I (172,000), 17 percent were caused 
by CWagents, mainly mustard. However, of the CW casual­
ties, only two percent died, compc;IJed with 26 percent 
deaths among non-CW casualties. The average U.S. mustard 
casualty spent 60 days in a hospital. 
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mixed, as can BW agents, to obtain combinatioos of proper­
ties, and to complicate and coofuse the defense. This was 
a common jX'actice in World War I. For example, small 
amounts of a riot-control agent can be mixed with a lethal 
agent; the effects of the riot-control agent can delay mask­
ing, and so prolong inhalatioo of the lethal material. 

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

The methods and conditions suitoble for delivering 
BW/CW agents to their targets are to a large extent 
influenced by the properties of the agents themselves. For 
example, BW agents are effective in remarkably small 
dases-<Jbout one ten-millionth of a miIligram-but reguire 
at least several days for the disease to develop. Also 
becnuse they normally inwde the body by inhaiaticn, the 
Mark V protective mask can give excellent protection to 
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 perSCJl­
nel. To pranote concealment and suqrlse, as well 05 to 
aid in covering very large areas, BW attacks from loog 
distances will be favored.. However, under o:mditions 
particularly suitable for coocealment, a close-in attack 
00 oo.e or a few ships, or on a shore installation, is practi­
cal 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 actioo is generally rapid and occurs in secCllds to 
minutes if the agent is Inhaled or received in the eyes_ Skin 
penetration requires minutes to hours. For efficient depo-
sI tion 00 the skin of personnel, very smaIl or freeflonting 
particles are not desirable (see Table 9770-2). On the other 
hand, a CW attock designed for inhaiatial only will anpJay 
a true vapor or a small-p::uticle 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 pcuticular aerosol depends 00 

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 resplrotory system and 
depoSiting there, and should be capable of flooting in air 
for many hours. Particles smaIIer than 0.5 micron are 
readily inhaled, but are also exhaled without extensive 
deposition in the lungs. Particles larger than 5 micrCJlS 
m:Jy fail to enter the respiratory system or may be filtered 
out in the nose. Therefa:e, the maximum allowable size 
for BW particles is five micrms, and cne to two microns is 
coosidered ideal. In contrast, windbome particles of CW 
aerosols must be capable of striking and adhering to men 
and their clothing, not moving around and past them as will 
a BWaerosol. Moreover, CW aerosol particles need not 
remain airborne for more than a few minutes at most. In 
fact, it is usually necessary that they drop CXltO a target 
rapidly to give little time for protective countenneasures 
to be taken after an airburst missile or spraying aircraft 
is observed. 

Some commCXl aerosols and their characteristic sizes 
are: tobocco smoke, 1/2 micron; fog and cJrud, 2 to 70 
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microns; and mist. 70 to 200 microns. With drizzle. 200-500 
microns, the airborne period is relatively short, and the 
rate of fall becomes noticeable; it is at the top of the size 
range of aerosols. 

In summary I because BW agents produce their effects 
primarily by inhalation, (eating and drinking food and 
water which has been secretly contaminated is a less 
probable means of BW infection), BW tactics and munitions 
must emphasize factors which make for deep penetration of 
the lungs and little impaction on surfaces. The most im­
portant of such factors is a very small particle size-one 
to five microos. CWagents, on the other hand, are effec-
ti ve both by inhalation and through the skin. The latter 
route is favored especially against well-trained forces, 
since it is harder to protect the entire bxiythan the respira­
tory system alone. CW tactics and munitions therefore will 
normally attempt to optimize factors making for impaction 
of liquid agent particles on the body; inhalation casualties 
con be regarded as incidental. The most impartant of the 
factors whichfacilltate implction is a large particle size, 
probobly of 100 microns and up. 

9770.24. BC/CW WEAPONS 
The weapons or munitions of BW/CW-the hardware of 

agent delivery-exist in unusual variety. This is a logico1 
consequence of the variatioo. in the biological 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, smoke pots or smoke Uoats) aircraft 
spray tanks. artillery and mortar shells. and other explosive 
or spraying devices. In the explosive munitioo.s, part of 
the usual high-explosive charge is replaced by agenL 
When such a filling is used in ""ximity-fuzed projectiles. 
a BW/CW attack can be made accurotely on large or .... ll. 
stationary or moving targets regardless of wind or weather. 
The effectiveness of the attack, however. usually will be 
greater for low relative wind speeds on the target because 
of slower dispersal and dilutioo of the sprayed andlor 
vaporized agent by the wind. In a aXlVentional-weapon 
attack the element of surprise is 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 passible. by speelal weapons particularly designed 
to exploi~ their special military adwntages. These ad­
vantages are the ability to kill or incapacitote by means 
which are noiseless. odorless. invisible. and difficult or 
impossible to detect quickly, either by the human senses 
or by instruments. By appropriate special weapons. not 
only can initial surprise be gained through concealment of 
the attack itself, but also sUflX'ise may be maintained until 
the appearance of casualti es in the expased persamel. 
This unusual principle of warfare-initial and sustained 
surprise-conbe carried out. for example. by large-scale BW 
contamination of the atmosphere upwind of naval forces or 
boses. or by concealed BW or CW contaminatioo of supplies 
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of food or water. The highly concentroted nature of pack­
aged BW slurries or powders makes BW agents a "natural" 
for large-scale abDospheric contaminatiCll, using sutmarines, 
subsurface or floating aerosol generators, torpedoes. or 
spray frClIl missiles or aircraft. 

The use of insect "vectcxs" is ,also an efficient, though 
limited. means of making a BW attack. Hungry mosquitoes. 
for example. may "home in" 00 humans from a considet'able 
distance and transmit a disease with which they bove 
previously been infected. This teclmique is a military 
adaptation of the means by which malaria and other tropical 
diseases are canmonly transmitted. 

9770.25. WEATHER AND GEOGRAPHIC FACTORS 
The preferred, or maximum-surprise, BW/CW attack, 

thereflXe. employs an aerosol which trovels with the wind 
for a considerable distance from the paint of release. Such 
an aerosol will necessarily be subject to horizontal and 
vertical air currents. It will be useful to recognize that, 
in such case. the wind is actually an extensim or an ann 
of the primary muniticn. just as the wind carries a ragweed­
pollen aerosol from the weed to the allergic victim. 

This basic dependence of o/feasi ve BW/CW oa the 
relative wind for delivery of airborne agents is both a 
strength and a weakness. That is, the wind am t:e used to 
distribute and deliver the airborne BW/CW agents han air. 
surface. or subsurface munitloos upwind of the target ship 
or force. en the other hand. if thetrue wind is 8!Ialg cmd 
qus ty. if the diIection of the relative wind at the 1Wqet is 
unpredictable. or if a poaltion upwind at the target Is inac­
cessible. then oa attack will be uafaWlUble CIS far as 
weather cxnsidemtiCllS are cmcemed. 

In addition to the wind itself, two other weather factors 
are at major importanceln the eHectiveoess of BW/CW 
attacks. These are precipitation and the verticallelllpe ..... 
!We gradient in the lower atmos!here. Heavy and extended 
tain or snow will gradually wash the air c1ean at all sus­
pended matter. but short. light precipitation is of Uttle 
help in cleaning the air. 

Normally, the air temperature decreases with an in­
crease in altitude. as anygas cools whea it expands. and 
the rote of decrease is known as the temperoture cpadienL 
When the temperature decreases 5.50 F. per 1000 feet alti­
tude in dry air or 2.80 F. per 1000 feet in saturated air. 
the gradient is neutral and a neutral stability coodltion pre­
vails. This condition is also described as the adiabatic 
lapse rote. Neutral stability is Il'omoted by overcast sides 
and a sea-surface temperature equal to the air temperature. 
A visible indication of the neutral gmdient is the tendeocy 
for the funnel smoke plume, when some distance from a 
ship, to stream at constant altitude without rising or falling. 

When the temperoture gradient is larger than the figures 
given above, the air becomes unstable. A sea surface 
wanner than the alt, the presence of a cold air mass, and 
tnght sunlight all contribute to atmos!heric instability. 
Visual indications of this condi tion are good visibility and 
a tendency for funnel smoke to rise contlnUOUB!y (see figure 
9770-1). 
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Figure 9770..1. Ship's smoke rising, an indlcatlon 01 a u.n.aJIy .... 1IIbIe _ ...... 

Figure 9770..2. Ship's smoke lolling, an indication of a thermally stable atmosphere. 
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The atmosphere increases ins tability as the temperature 
gradient decreases. In a temperature inversion (tempera­
ture increases with altitude) the atmosphere is extremely 
stable. It results from a sea surface which is cooler than 
the air. Mixing of the lower atmosphere in this coodition 
is produced only by strong winds. A visible indicatioo of a 
stable 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 gradien 15 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 in version /I cap" or "lid". A visible clue to 
such an inversion is the rising of smoke or smog to a few 
hundred feet, then flattening out as if held down by an im­
penetrabl~ ceiling. 

The importance of atmos",eric stability to BW/CW is 
evident wben it is coosidered that the path followed by 
visible smoke represents closely the Plth which invisible 
airborne BW/CW agents would follow. With much vertical 
mixing of the air, such as results from thennal effects or 
strong winds, conditions are unfavorable (wt not pr0.­

hibitive) for BW/CW, because a large amount of agent is 
wasted by mixing into air layers above those occupied by 
the targets. Thus, abnonnally 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 inversioo alP, the use of BW/CW 
agents becomes much more efficient because more of the 
agent remains in the air layer occupied by the targets. 
When BW agents can be dispersed in a large and stable 
mass of moving air, very large areas of sea or land can be 
swept by the aerosol. 

In addition to the effects of air movement and atmos­
",eric stability 00 the use of biological and r:hemlcal war­
fare agentsj 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 CN oper­
ations for differa1t 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 ternperotures a given BW attack can be made 
with less agent, and a relatively large downwind coverage 
can be expected. 

The connection between temperature and CW operaticns 
is less direct. However, the general effect of low tempera­
ture on CW is to lower the speed of evaporaticn of the 
liquid agents and to reduce the attainable concentraticns 
of vapor. Thus j the airborne droplets of CW agents o:m 
travel with the wind lcnger before evaporating and, after 
falling Or impacting on the ship, they will remain longer as 
a skin-contact hazard. Once CW liquids are depasited 00 

ship surfaces, their speed of evaporation will depend on 
surface temperatures instead of oir temperatures, and 00. 

wind speed. In general, thereforej lower temperatures 
favor CW attacks designed to reach the target with liquid 
Plrticles, and higher temperatures favor CW vapor attacks. 
Further, wann weather can radically increase the effective­
ness of liquid CW agents against topside personnel if it 
results in reduced body coverage by clothing. 

Finally j there are weather factors which are important 
in BW operations only, because of the fact that BW agents 
are living or~sms. These factors are relative humidity 
and sunlight. They are important because certain levels 
of either can render the atmos",ere friendly or hostile to 
most BW organlmns. Very low (20 to 25 percent or less), 
and very high (70 to 75 percent and above) relative humidi­
ties are favorable for long lifetimes of most airborne BW 
microbes. !ntellDediate relative humidities tend to promote 
a high death rate in BW organisms, but the use of a pr0-

tective material may reduce such adverse eUects. 
The ultraviolet partioo of direct sWllight is the most 

effective naturol destroyer of all airbcrn. miaoorganlsms, 
including BW agents. Here, too, there has been sane suo­
cess in reducing the effectiveness of this naturol enemy of 
BW by protecting lb. BW microbes with opaque materials, 
such as carlqll>lack or IIltravlolet-<lhsorbing dye.. Never­
theless, it muSt be assumed that overcast days and, 
especially, the hours of darlmess are the favorable periods 
for Offensive BWoperations. This means that a sWllight 
attack, if made j shwld reach the target within minutes. or 
at most within a hour or so, if excessive agent death is to 
be avoided. Ccnversely, wben a BW attack is made at 

Tabl.9770-1. 1.11 •••••• , .... _ .... rlc .. a4It1 ..... '.IC1f~"" .t_ 

Neutral Stability 

Temperature Stability of 
the Lowe, Atmosphere and 

Frequently Associated 
Conditions 

Air and sea surface temperatures ore equal. Skies overcast. 
Un,tobl. 

Sea-surface temperature warmer than air j bight sunshinej cold air 
mass, goad visibility, clouds aloft, gusty and variable winds. 
Stable 
Sea-surface temperature colder than air, darkness, warm air 
mass, fogj high relative humidity, poor visibility. 

6 

Wln4 Su,sI. (knett) 

0-10 10·20 

Favorable Indifferent 

Indifferent Unfavorable 

Highly Favorable 
Favorable 

20 plu. 

Unfavorable 

Very 
Unfavorable 

Unfavorable 

ORIGINAL 
I April 1967 



dusk, at night, or during a heavy overcast, less loss of the 
agent takes place, and downwind effectiveness may coo.­
tinue for long distances, provided that there are no bright 
sunlight periods to which the microbes are exposed. It is 
interesting to note the unique adaptability of the arctic 
night and twilight to BW operaticns. 

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

9770.26. TH E DYNAMIC BEHAVIOR OF SMAI.l. AIR­
BORNE PARTICI.ES, THIIR COI.I.ISIOM WITH 
OBSTACI.ES 

It has been pointed out that BW/CW agents most proba­
bly will be met in the fOnD of very small airborne particles. 
The inhalation of such particles, as well as their depo­
sition on the human body and on ship structures, follows 
certain laws which are fairly simple and Wlderstandable 
but not widely ap\Xeciated. Since an Wlderstanding of the 
effects of these laws will cootrihJte to intelligent and ef­
ficient personnel\Xotection in BW/CW. the general eflects 
are oorlined end a few numerical dato given. 

For particles to remain airborne for appreciable pericxis 
of time, their rates of fall in quiet alr must be slow. The 
airbarne period far slaw-settling particles of a given size 
is greatly lengthened by vertical mixing or turbulence of 
the lower atmosphere. For example, although ragweed 
pollen particles settle in absolutely still air at a rate of 
three feet per lijjnute, in accordance with their diameter of 
arout 20 microns, ragweed allergy victims know that the 
pollen con be found at considerable distances from the 
growing weed, and at awreciable altitudes". BW p:uticles, 
which ideally are all less than two microos in diameter, 
show a still-air settling rate of 1/4 inch per minute ar less. 
For practical purposes, their settling rate in mOving air is 
zero. This is because moving air is naturally turbdent, 
and turbulence results in mixing. For pat'tic1es having a 
very small settling rate in still air, the mixing effect of 
turbulent air neutralizes gravitational settling. 

Far air-suspended particles to be militarily effectlve 
against personnel. they must not only remain airborne Itng 

"One sooree 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 torgets, but they must also inpact en 
the ship or personnel, or be inhaled. It is noteworthy that 
these two factors, inhalation of smll particles and impac­
tion of small particles on the body, are to some extent CCll­

tradictory for a given particle size. For example, particles 
under five microns, which can remain airborne fer very long 
periods. are readily inhalable but show negligible impaction 
on the smoothly clothed human body. On the other hand. 
the relatively large particles (about 75 microns and larger) 
which impoct readily on the smoothly clothed human body 
can remain airoome in non turbulent air for less than a 
minute, and such particles are not readily inhalable. 

However, most of the practical methods for genemting 
air suspensions of particles yield a considerable I!l~ 
of sizes in additioo to the size desired for a particular 
BW/CW missim and agent. The largest particles may set­
tle out close to the generator or point of origin, and as the 
particles travel downwind, the average size becomes snal­
ler and the settling and impaction characteristics more 
uniform. 

Table 9770·2 summarizes some characteristics of BW/CW 
and other aerosols. All of the rnaracteristics shown are 
closely related to the tendency of the various sizes to 
settle or imIXIct on various surfaces. Table 97/G-3 shows 
the impaction effiCiency of three sizes of airborne particles, 
moving at three different Wind speeds, on cylindrical ob­
jects with diameters of O'(X)2, 0.1, La, and 10 inches. 
These cylinder diameters are roughly 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 p:lrticles on the human body, 
which is considered as a smoothly clothed ten-inch cylinder, 
are not en tirely 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 all woven fabrics, 
and of the fine hair which covers all of the bcxl.y except 
palms and soles. It is not practical at present to calculate 
the collection efficiency of fine hairs and fibers which are 
attached to large cylinders, but their additional effect 
should be noted.' 

'Water droplets in fog or cloud. which hove negligible 
tendency to settle ar impinge on large slow-moving objects. 
are noticeably collected by spiderweb. by the nap of wool 
clothing. and by the hair of the eyebrows. etc. Spider-
web is, in fact, sometimes used as a collecting device for 
fine airborne particles. For the same reason, antenna wires, 
signal halliards. end the smaller sizes of manfla and wire 
rope collect aPlXOCiably more water droplets (per square inch 
of surface) from fog and mist than do stocks. masts. and 
other large surfaces of the ship. The same principle is 
demonstrated in the Icing of ship and aircraft surfaces. 
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Table 9770-2. 

Size (Microns) 

O. 1 1 5 20 60 100 400 1000 

Typical Particles ............. Tobacco Smok.~ .... Fog--+-o ----. Mist.t-..orizzl.~ain~ 

• Poll.n~ I I I 
Atmospheric Dust _~P.rmanent~ .. Temporary Atmospheric ~ 1-Heavy Industrial --+-

Atmospheric Imp .... i.i •• 

1 
Dust I Impurities 

~Nucl.ar FQllout~ 

Reaching Surface 

Within 24 Hours 

Settling Speed in 0.00007 0.007 0.15 2.4 22 60 500 800 
StUl A;r (Ipm) 

Behavior in Respiratory Inhal.d Inhaled Inhaled and Retained in No •• Not Inhaled 
System and and 

Exhaled Retained 

in Lung. 

Favorable BW Size. It • (Inhalation Only) 

I I 
Favorable CW Size. • • 

(For Inhalation) 

Favorable BW/CW Size. • • 
(For Impaction on 

Body and Cloth •• at 10 kt) 

Favorable BW/CW Size. • • 
(For Impaction on 

Body ond Cloth •• at 30 kt) 

Table 9770-2. BW/CW and other aerosols: variation of aerosol partlcl. III. with aero •• 1 type" properties and uses. 
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T .... 977II.3 Ap,..xI ... I.pact'" offici • .,. af .... 1 
portlcl •• _ qU ...... at .Ifhraat wi .. 
.,..d •. 

Partie Ie Wind Cylinder Impaction 

Olame •• " d Spe.d, S Olome'.r, D. Efficiency, E 
(microns) (knots) (inches) (percent) 

5 1 0.002 15 
0.1 0 
1 0 

10 0 
5 10 0.002 75 

0.1 0 
1 0 
10 0 

5 30 0.002 100 
0.1 15 
1 0 

10 0 
50 1 0.002 100 

0.1 50 
1 0 

10 0 
50 10 0.002 100 

0.1 100 
1 50 

10 0 
50 30 0002 100 

0.1 100 
1 75 

10 15 
250 1 0.002 100 

0.1 100 
1 75 

10 15 
250 10 0.002 100 

0.1 100 
1 100 

10 75 
250 30 0.002 100 

0.1 100 
1 100 

10 100 

9770.27 PENETRATION or AEROSOU AND VAPORS 
INTO SHIPS; VENTILATION CONTROL 

1. Prlnclpl •• and 8.slc Information. 
The importance of the watertight integrity of ships is 

well-known to every Navy man. Combatant ships-<llld to 
lesser degrees, auxiliaries-are subdivided md enclosed 
with watertlctlt decks, bulkheads, doors, hatches, IDld 
interior ventilation valves or closures' to prevent axogres­
slve flooding of the ship by water which has entered a 
battle-damaged comportment. Many compartments well 
cDove the nonnal waterline are also required to be water­
tight In onler to provide reserve buoyancy. A less-known 
fact is that all Navy ships, with exceptiCJJ of submarines, 
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are continuously ventilated with weather air to some degree, 
tmder all material conditions and degrees of closure }Xe­
sently available. Theory IDld practical tests show that there 
is no "gaslight envelope" on any type of ship. with the 
exception of submerged sul:marines. 

The normal ventUatloo rates I expressed as rates of 
change (or "R of e") for some typical spaces en a Wore .... ' 
class cruiser are shown below: 

R of C 
Spaces (Minute. per Chong.) 
Galley 0.5 
Radio, radar, sonar, laWJdry 1 
Washroom, head, shower 2 
Messing, berthing 3-3.5 
Magazine, shop, wardroom 4 
Windlass 15 
An average rate of change for spaces.in which little heat 
Is generated is three minutes per change. In air-<:CJJditiooed 
spoees, the ccrrespending R of C Is approximately 20 to 30 
minutes per change, although air within the air-cooditloned 
compartment is recirculated over cooling coils at a much 
higher rote. 

In material condition Zebra, with X'roy, Yoke, and Circle 
Wtll1am fittings closed, all nonessential flDlS and blowers 
are secured, and the ship is expected to be in a satis­
factory condition of watertight integrity. However, it is not 
genuinely airtight. This Is particularly true above the 
damage-<:ootral deck or armor deck, IDld It also applies ta 
a lesser degree within "armored box." Even compartments 
which pass a "pressure test" are cnIy shown by the test 
to have air leakage of less than a specified amolDlt.10 In 
fact, the pressure test recognizes am. accepts the principle 
that air leaks are difficult to eliminate, and requires only 
toot the leakage shall not exceed a certain figure which is 
adequate to prevent progressive serious flocding. 

A typical stlDldard pressure test requirement (chapter 
988Q) is that a compartment pressurized to 4 ounces per 
square Incb sbull not show a pressure drop of more than 2 
ounces per square inch in ten minutes. This pressure drop 
corresponds to a leakage of 1 cfm for a 12()(kublc-faot com­
partment, a: an R of C of 1200 minutes per chlDlge and 
demoostrates that compartments, Including dOCl"s IDld 
batches, C!Dl be constructed to very tight standards. In 
practice, however, tests on operating ships show overall 
leak rates far In excess of that suggested by pressure tests 
on new compartments. 

What are the sources of leaks in a well "b..tttoned-up" 
ship? In the first place, spoces CJJ cr ahave the armor 
deck or damage-<:antrol deck may be served by ventflatiCJJ 
intake and exhaust ducts which have no closures at any 
point in the system. Natural ventllatioo through these 
systems, during typical cruising conditions, is estirmted 
to average about five percent of the powered venttlatlon rate. 
Secondly, there are structural leaks through defective welds, 
1hroughaluminum-to-steel joints, through gl!Dlds IDld stuff· 

'Naval Ships Technical Manual, Otapter 9380. 
l-r-Javal Ship Technical Manual, Otapters 9290 and 
911!0; General Specifications for the Ships of the U.S. Navy 
S29-&d through g. 
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ing boxes, etc. Thirdly, there are the bypass leaks through 
doors, hatches, portholes and closures. These can be made 
very slight when gaskets and knife edges are in top condi­
tion and tightening is done correctly. However, where the 
mating surfaces are worn or warped, where rubber gaskets 
are cut, marred, hardened, or painted, and where closing 
pressures are uneven, leaks can become surprisingly large. 
Even under conditions of excellent maintenance" and cor­
rect operation, the existing leaks are usually increased by 
the "working" of the ship in a 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 doors, etc. The total effect 
of these various leaks is that all puts of a ship are venti­
lated to a greater or less degree, although this ventilation 
often is unintentional and unsuspected. In general, comp:lft-

ments remote from the weather have less natural ventilation 
than those close to the weather, but this 1s not a fixed 
rule. 

The force that pushes air into the ship through the many 
unrecognized and difficult-to-detect leaks of various kinds 
is the relative wind. The ram pressure, ex velOCity pres­
sure, against all IXIrts of the ship facing the relative wind 
can be calcubted 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 
Tabl.9770"", Velocity air pre ......... Itl ........ 1.tI .. wl.d, 

Relative Wind Speed Ram, ar Veloc:Jty, Air Pr ... ure 
(knots) Inches of Woter Pounds per sq ft. Po.nds per sq In. Ounces per sq In. 

I 0.00064 0.0033 
2 0.0025 0,013 
5 0.016 0,0&3 

JO O'(164 033 
20 0.25 1.33 
30 0.57 2.98 
40 1.02 5.26 
50 1.60 8.30 
56 2.00 10.4 

60 2.30 12.0 
80 4.08 21.2 

100 6.38 33.2 

The above discussion makes clear that a buttoned-up 
ship at sea, where it is constantly exposed to the ram pres­
sure of the relative wind, will be ventilated continuously 
through air leaks of various kinds. The total effect of such 
air 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 ICW agents. 

l1Naval Ships Tedmical Manual, Chapter 9160. 
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0.000023 0.00037 
0.00XI92 0,0015 
O.Q0058 0.0092 
0.0023 0,037 
0,0092 0.15 
0,021 033 
0.036 O.sa 
O.osa 0.92 
0.072 1. 16 
0,003 133 
0.15 2,36 
0.23 3.68 

",Iative wIDcI apeed, knoIa)' 
P, ounces per square inch= _________ _ 

Z700 
They yield the data 01 Table 9770-4, The ram air pres­

sure can be considered as acting en all the wind-
ward surlaces 01 the shlp. Its eflect is increosed bya 
smaller and negative pressure, or suctioo, also resulting 
from the winl, which acts en the leeward surfaces 01 the 
ship. 

2. Buildup •• Deca,.f Alrbo",. BW/CW eon .... no­
tI ... In Q. Ship Coapartm ... 

To help in appreciating the rote at wblch the air in a 
ship compartment is l'Ogresslvely contaminated by the 
intake 01 outside ail corryinq a BW/CW contaminant, sane 
ventilatioo theory will he useful. The rote 01 increase, or 
OOlldup, of outside contaminatioo in a ventilated compart­
ment follows an exponential growth rule, The ccncentrat!at 
of contaminant in the air increases very rapidly at first, 
and then more slowly as it approoches 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 cootaminant in the 
compartment air begins to decrease or "decay." The rate 
of decay follows a mathematical law similar to thet for the 
buildup: That is, it is fastest at first but gradually decreases 
as the contaminant concentration in the compartment ap­
proaches zero. This deccy law is matherootically similar 
to toot for radiooctive decay. 

The above rules are illustrated. by the curves of figure 
977D-3. The line OB shows the rate of growth, or buildup, 
of the contamination concentration in a compartment from 
the instant the ship enters the zone of contaminated air. 
After a single air change, the concentration inside the com­
partment is 0.63 er 63 percent of that topsJde; after three 
air changes it is 95 percent of the topside concentratiooi 
000 after six air changes the interior concentration is 99.8 
percent. The falling lines trace the interiCl' concentration 
dIEing 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 atly the 
topside concentration drops from fully contaminated air to 
zero, or fully clean air. For example, the curve OD shows 
the interic:r concentration rising, from zero to 0.5 of the top-
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side figure,during 0.7 air change. At this point the ship 
steams into clean air, and the interior concentration grooual­
ly dies away or decays, rapidly at first, and then mere 
slowly toward and beyald the point H, eventually dropping 
to zero. If the ship passes out of the contaminated zone 
after different numbers of air changes, the cmcentratiat 
buildup/decay sequences are illustrated by the typical 
curves OC/CG, OEIE!, and OF/FJ. Fer the design 
standard rate of ventilation, the number of air changes in 
any given time is found as follows: divide the time by the 
rate of chonge, R of C, taken from the ship ventilatlcn 
plans. 

Similarly, the curve BK of Figure '1I7G-3 illustrates the 
mte of decay of cootaminant concentration, when the ship 
leaves the contamination zone and enters pure air, at any 
time after six or more air changesj i.e., when the 
co_rtment air is essentially 100 percent cootamlnated. 
To show the displacement of 100 percent cootamlnated air 
by clean air, the curve BK is drawn on a new scale, starting 
with zero. After a single air change the coocentratioo drops 
to 37 percent; after three air cmnges, to five percent; and 
after six air changes, to about 0.2 percent. 

B 

K) 
6/0 I 4 5 6 

NO. OF AIR CHANGES 

Figure 9770..3. Variatiats in the haction of cattaminated air in a ship COID.pxt.lDlJnt ventilated at a Catstant rate, first 
by contaminated air, then by clean air. 
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Only if the incoming air coold displace that in the com­
partment like a piston, with no mixing, woold all the com­
partment air be displaced in one air change. Under this un­
realistic conditioo. the contamination concentration would 
follow the straight dotted line ~A. 

Althoogh figure 9770-3 shows that over 9J percent of the 
camp::trtment air is displaced after six air changes, more 
complete displacement is desirable. Figure 9770-4, in a 
semilogarithmic plot, shows the effect of up to 11.5 air 
changes, a 93. 999-percent displacement. This type of 
plot ills the dual effect of presenting all the curves of 
figure 9770-4 ana single straight line, and of providing 
room for more data ina limited slXlce. 

It shoul d be noted that all of the curves of figure m0-3 
and the processes they represent are of the "exponential" 
or "compound-interestll type. The rate of an expooential 
growth or decay is, at every instant, ~oportional to the 
Size of the thing growing or decaying. The bJildup curve 
OB of figure 9770-3 then actually represents the ~ of 
e1Mp gir from the comlXlrbnent. When the clean-<Iir 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 clean air is left, after several air 
changes, the interior concentration changes very slowly. 

3. V .. fllarlan Rates in a Cla .. d-Down Shl,. 
Very little is known of the exact ventilation rates of 

individua I comportments in a buttoned-up ship at sea. How­
ever, it is reasonable to assume that a destroyer at sea, 
in a relative wind of 30 knots (a 20-knot speed plus a 10-
knot head wind), will experience a total ventilation of 
several thousand cubic feet per minute through its oo:upied 
compartments under closed-downcorrlitions and with all 
powered. ventilation secured. Assuming a ventilation rate 
of 4000 c1m, and a ventilated volume of 200,000 culic 
feet for a DD, a Rate of Change of 200, 000/4, 000, or 50 
minutes per change, results. This is an ap;:roximate 
figure; faster rates woold occur in sam; compJrtments, and 
slower ones in others. Somewhat smaller averages could 
be expected for larger ships, but these wruld also have 
even wider ranges in ventilation rates. Auxiliary types, 
because of lesser comp::utmentaticn and closure, are be­
lieved to have ventilation leak rates cens iderably higher 
than aDD. 

It is instructive to consider the size of a single open­
ing, equivalent to a given total air leak, when it is ex­
posed. to various relative wind speeds. Sample dateU of 
this type follOWing Table 9770-5. As a rule of thumb, 
the number of cubic feet of air per second leaking through 
a single open area of one square foot is nwnerically eqml 
to the relative wind speed in knots. 

"These are all calculated from a standard orifice formula, 
using a discharge coefficient of 0.6. 
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4. The Dosage Equivalence Rule 
For the purpose of improving BW/CN protection, the 

specific rate of ventilation leakage need not always be 
known. The fact that significant leaks do exist, and con 
be demonstrated, is enough. This is evident because it 
can be shown that men in any compartment which is ventilated 
at an uochanging rate can recal.,e the .ame BW/CW aeroNI 
or vopor cIo.age as topside per.onnel, re()lrdless of the 
comIXlrtment ventilation rote. The explanatioo is that the 
dosage of the topside m:m results from exposure to a high 
coocentration for a relatively short time, and that of the 
belaw-decks man comes from exposure to a lower coocen­
tration fa- a longer time. 

This can aiso be seen from figure 9770-5, in which the 
vertical axis represents concentration and the horizontal 
axis indicates air changes or time. The topsidedosagei 
or cmcentration x time (L e. , et), is given by the area of 
the rectangle OABD, which is seea to be 3. o. That is, 
at point 0, the ship enters the contamiooted air, and. the 
topside concentration rises instantaneously to the maximum 
value. At the time represented. by three air changes-, the 
ship leaves contaminated air and the topside concentration 
drops to zero. Inside the ship, the coocentrotion rises 
gradually and only reaches C after three air changes. At 
this time the concentration begins to decrease. Correspond­
ing to the topside case, the dosage is represented by an 
area, the sum of the area OCD (buildup phase dosag e) CIld 
the area DCE (decay phase dosage). The buildup-Iilase 
area, or dosage, is found to be 2.05; the decay-plnse 
dosage is 0.95. The total, as predicted, is 3. O. 

T.Id.9770-5. Air flow i.1o .hip ........ p .. lo, •••• 
.... ti •• w1.d .poed. 

Air Flow 
Through 

Relotl.,. Total Open 
Wind Speed Area of I sq ft 

(kt) (cfm) 

1 61 
2 120 
5 305 

10 610 
20 1200 
30 1800 
40 2400 
50 3000 
60 3600 
80 4900 

100 6100 

12 

Total 
Open Area 

por 

1000 em Leolt 
( •• It) 

16.0 
8.2 
3.3 
1.6 
0.82 
0.55 
0.41 
0.33 
0.27 
0.21 
0.16 

Dlamete, of 
Single Rouad 
Op.nlng per 

1000 efno Lo.k 
(In.) 

55 
39 
25 
17 
12 
10 
8.7 
7.8 
7.1 
6.1 
5.5 
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The correctness of the Dosage Equivalence Rule has 
been demonstrated ana Navy ship using Q fog-oil aerosol to 
simulate a BWattack. However, if significant amounts of 
BW/CN agents are removed from the comp::xrtment air by 
means other than ventilation, the rule no longer applies 
exactly. Some nonventilation means of agent removal are: 
absorption of CW vapors in paint, clothing, blankets, and 
the implction of BW ICW aerosols on the blowers and filters 
of recirculating air-conditioning systems. The exact degree 
to which these auxiliary agent-removal effects operate in 
many practical situations is at present unknown. It is clear, 
however, that the nonventilationeffects will increase in 
importance as removal by ventilation becomes very slow 
and compartment exposures very long (Le., for 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 L.ealr.. In Ship. 
The unfavorable effect of air leakage on a ship's BWI()N 

defense capability is evident. How then can the leakage be 
reduced to an acceptable minimum? Assuming that closure 
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discipline is made 100 percent effective by thorough indoc­
trinatioo and inspection, and that all of the 
ship's doors, hatches, stuffing boxes cm:I other closures 
with their cpskets and pacltings have been carelully and 
expertly maintained. or restaed to their as-new conditiCl"l, 
actual leakage rates should DaN be measured. 

The standard !ressure, or static, test for leakage is 
!referred for very tight compartments, although it must be 
applied only to comp:utments for which the test is spe­
cificallyauthorized. These cOInp:Jrtments are listed in the 
shlp's Schedule 01 Watertight Integrity Tests and Inspec­
tions, and they are equipped with air-testing fittings. 
Provided thot the compartment !ressurization lor the test 
is only a few OWlceS above atmospheric lXessure, the fol­
lowing fcrmulas are used to calculote the leakage rate: 

5 6 7 8 
CHANGES 

E 
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Comp:lrtment leakage, dm = 
Comp::utment Volume, cu. ft 
Time for Pressure Drop, min 

X Pressure Drop, oz, per sq, in 
240 

Fex compartments with high leakage rates, a dynamic 
test is required. This test is carried out by carefully 
closing, using normal p-ocedures, all Ileans of air supply 
'" exhaust except one supply duct served by a standard 
axial-flaw blower, which is used to conduct the pressure 
test on the compartments(s) served by the blower. The 
single test instrument required is an air-p-essure gage 
which functions over a range of 0 to 5 inches of water 
(0 toO.4 inches of mercury). This conbea glass or plastic 
U-tube, a slant gage, or ananeroid barometer with divisims 
of 0.02 inches of mercury. If a V-tube or slant galjO is 
used, a rubber cr plastic tube must be connected to cne arm 
and led either to the outside atmosphere (pref",red methcd) 
or to a bottle or a rigid and airtight metal contclner of 
about one quart capacity (secood-choice methal). Naw, 
the supply blower is turned on and the rise in air p-essure 
in the compl1'Unent noted. The higher the pressure reached, 
the tighter the compartment. 

Reference to a setof Navy Standard vaneaxialu fan 
characteristic curves (ligure 977!Hl), am use of the curve 
for the particular blower used will indicate the air flow 
whicbis maintaining the observed p-essure rise in the 
compartment(s). This flow is also the leakaljO flow out 
of the space being tested. For example, in a particular 
situatioa a Type Al fan raises the compartment pressure 
to 2.5 inches. The Al fan curve sbaws the fan to be de­
livering 1150 clm. If the ll'essure rise had been ooly 1.5 
inches, the fan curve shows the flow to be 1390 elm. 
Similarly, a pressure of 4.0 inches !roman AIO Ian in­
dicates a flow of 9000 dm, in and out of the 
section of the ship supplied by the fan. The air flaws 
observed canbe ccnverted directly to Rates of Change, in 
minutes per air cbnnge, by dividing them into the measured 
volume of the sp:xce under test. In case the p-essure 
rises beyond the highest point of the fan curve, one of two 
stepe canbe taken: (a) the fan can be used to supply a 
larljOr section of the ship, thus adding mae leaks, or (b) 
a standord leak can be used to bleed off a known flow of 
air and reduce the pressure to the range covered by the 
lancurve. The stcndard leak must be a smonth, rouJXi, 
s~ij!!d hole in a thin plate which can be bolred ticjltly 
over a porthole, the exhaust duct opening, etc. 

Figure 9770-7 Is " nomograph which will assist bnth 
in !l'edicting the size of the standard-leak orifice required 
and in giving the flow thraugh the orifice at the ll'Ossure 
reached. The flow through the orifice is subtracred from 

"It Is assumed here that the blower fan involved is of the 
voneaxlol type. Identical ll'ocedures apply for Navy 
standard centrifugal blowers, using the apll'oll'iate char­
acteristic curves. 
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the totol flow indicated by the (ancurve; the diUerence is 
the true leakage flow out of the compartment(s). It may 
be desirable to prepare an orifice plate baving a number 
of boles of different sizes. The bole having the desired 
area or diameter can be selected, and the other holes clcsed 
with tapered softwood plugs. 

If, as will of ten be the case, the Rate of Change shows 
an undesirably high leakage, a leak searcb should be 
made. A number of methals of leak detection are discussed 
in this manual, .. and. others will suggest themselves to an 
alert crew. Most leaks in p-essurized comp:xrtments can be 
heard directly a through a tube or hose used to COlUleet 
the leakage area With the ear. Leaks can also be detected 
Visually by the bubbles produced when the leakage area is 
painted with soap and water on the low-~essure side. 
Means of carecting leaks will vary with the nature of the 
leak. For example, wrere ventilation-duct closures are 
not supplied, snug-fitting pointed-canvas boots will be 
useful. Leaks at welds ore better corrected by applying 
a flexible sealing compowrl on the high-ll'essure side than 
by rewelding. 

As leaks ore reduced in size and number, smaller blowers 
and/or larger test spaces will be required in order to re­
main on the blower curves. Cautim 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 ~essure 
rise; the blower can then be shut offar the canpartment 
opened until the next test. 

It should be noted that although the ll'essures praluced 
by ventilation fans are complIatively low, the total force 
which can be exerted on a large area may be unexpectedly 
large. For example, a fan ~essure of 5 inches of water is 
equivalent to 25 lb. per sq. ft.; this will result in a face 
of 300 lb. ona door having an area of 12 sq. ft. 

It is reeommeaded that tests occaSionally he duplicated 
with another blower as a check for accuracy. An exhaust 
blowE:'r will be as satisfactory as a supply blower, except 
that J:lessure reductioos 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 leaks may he different for different 
wind dlrectioas, the metha! is adequate. The fact that it 
may over-indicate the ship's leak rate will be roughly com­
pensated by the increase in the leak 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 a matter of experience, with the ship both 
moored and underway. In the latter situation, the relative 
wind should not exceed ten knots, in order to avoid the 
complicating effects of wind-induced leaks on the test. 

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

"Naval Ships Technical Manual, Chapter 9880. See 
also General SpecificatiCll for Ships of the V.S. Navy 529-
B-d. 
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of water; i.e., the (Xessure due to a relative wind of 40 
knots. 

L. = Lp (liP)' 
Where LI = leakage in cfm at one-inch pressure 

Lp = leakage in cfm at actual pressure 
differential P 

P = inches of water 

Some noncombatant ships may be unable to follow the 
leak measurement procedures given above. Topside tight­
ness am be improved, hONever, by attelltioo to three 
principles: (l) many air leaks in or aut of ships occurs 
at doors, hatches, ventilation openings, etc.; (2) If it is 
1eosible to pressurize a compartment through the ventila­
tion system, leaks conbe located by theeor testor the 
bubble test; (3) Whether detected or located, or not, air 
leakage con be reduced by corefulllXlintenonce and cor­
rective measures applied at the paint of probable leakage. 

6. Su".rr.f Ventilation Control 1ft IW/eW 
1. The most favorable ventilation control in a BW/CW 

situation is venUlatioo at the lowest practical rate while in 
the contaminated zme (interior coo.centration buildup 
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,nose), followed by the highest practicoJ rate in c1eonair 
(interior concentratlondecay ,nase). If the ship is in the 
contaminated zcne for six or more air changes, the com­
portment dosage will apl'ooch the topside dosage, but 
cannot exceed it. 
NAVSHIPS 250-r00, Chapter 9770 

2. The least favcrable ventilation management is 
ventilation at a high rate while in the CQltaminated zooe, 
followed by a law rate as the ship enters c1eonair. Under 
these conditions, the comp:1rtmentdosage may reach sev­
eral tinEs the topside dosage. 

3. Situations I and 2 ore considered possible but 
diflicult tooehieve in practice because they presume: (a) 
exact knowledge of the time of entering and leaving the 
cootaminated zooe, or (b) the chance increase or decrease 
of ventilation rate just when the ship leaves the ccntam­
inated zone. 

4. A more probable situation is that the ship transits 
a contaminated zooe withno knO\Vled~ of the ~esence of 
a contamincmt. Assuming an uncb:mging ventilaticn rate, 
comp;ntment dosages will be approximately equal to top­
side dosages. 
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Figure gnO-7. Nomograph for determining leakage area ond diameter of rouocl opening cerresponding to a given dif­
ferentiol pressure and leakage airflow. Connect the desired paints on lin .. 0 and P with a straightedge. It will 
cross line 0 at the required diameter and. area. 
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5. It is believed tlnt the most 1I0bable situaticn 
in which 0 ship will be exposed to BW/CW-<:cntominated 
air is that thorough indoctrination, full intelligence data, 
and alert observation will, even in the case of BW, result 
in some clues as to the existence of contaminated zooes. 
These clues. considered together with the other elements 
of the tactical situation, can be applied to best advantage 
by minimizing ventilation rates during the period of sus~ 
pected exposure to contaminated air, am subsequently max­
imizing veatilation rates for a period of 6 to 12 air chaages 
in clean air. 

6. Part of the doctrine referred to above I in the 
absence of more exact and specific information, will be 
related tathe effect of sunlight onairborne microbes. That 
is. in areas of possible or p:obJble BW exposure, ventila­
tion should be maintained. at a minimum during the hours 
of late afternoon, dusk, darkness, and for an hour or two 
after sunrise, since this period is favorable to long life­
times of airbane micro'res. Similarly, if ventilatlauates 
must be increased at some time during the 24 hours, it is 
believed th:tt the safest period, from the BW point of view I 
is from midmorning to mldaftemoen. 

SEeTIOH II. BW/eW eOUHTERMEASURES AT SEA 

'art 1. lafloduetl •• 

9770.41. 
The efficiency of BW /CW cOWltermeasures depends en 

the 1I0mptness with which they are started. In fact, the 
period between indications of impending BW /CW attack and 
serious-perhaps Iethal~posure of topside persamel may 
be too short to allow any protective actions to be started. 
Since the period after anattack in which useful self aid 
or first aid can be started also is very -short, the advantages 
of preattack protection of tot:Side personnel are obvious. 
To prevent advance trotectian fran seriously limiting 
personnel perform::mce, adequate indoctrination and reg­
ular, realistic drills or exercises are needed. The U.S. 
Army has found that /I'green" personnel are at first cCIlSid­
erably handicapped in combat operatioo.s while wearing 
JXotective clothing and masks. As persoonel gain ex­
perience in performing combat duties while wearing !X'D­
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-lXotective actions 
are of two kinds: use of the washdown system, which 
protects the exterior surfaces witha moving film. or shield 
of water, and use of the system of closures, regular and 
jury-rigged, which can minimize penetration of aerosols 
and (}lses into the ship. In these actions, as in those 
which are directly personnel-protective, promptness of 
execution is the major factor ineffectiveness. Specifically, 
drops and sprays of CW agents cannot lcxige on or contam­
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 only partially 
removed. by washdown; much of the remainder soaks into 
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the JXlint and is removed only gradually by evapaation. 
The same principle af lXompt actim governs the use of shi~ 
closure devices. If the ship is not aheady closed down 
tightly whena BW/CW attack arrives, the advantages of 
tight closure during or after an attack are unpredictoble. 
Postattack closure for an extended peria! 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 surfaces. Where the 
film is facking there is no shield. While the wosbdown S!lOy 
is in the air it has little or no shielding effect against 
aerosols or spray. 

Port 2. Th. 1.lpboo.d BW/CW dolo ... ,,._ 

9770·51. 
We define "system" to be a pkmred01'ganization of 

people, devices, machines, etc., eachdesigned or trained 
to perform a particular jab, workinq together in an orderly 
and efficient Wrrf to perform a major task. The BW/CW 
defense of a ship or group of ships is .such a system. It 
will function most smoothly and effectively wben every 
officer and enlisted man understands not only his individool 
duties but also the makeup and o~ration of the system as 
a whole. 

figure 9770-8 shows the organization and main functioos 
of the shipboard BW/CW defense system. The order from 
top to bottom, is also the normal order in which the {Xlrts of 
the system win 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 only from nerve-agent attack 
are a means of identification-detectioo. As a further 
example, individual and collective protection actioos 
should precede positive waming-detection. The general 
responsibilities for the various actions are outlined in 
the right-hand IIXlfgin, but the BW/CW Defense Bill and 
other standing orders should be coo.sulted for exact and 
detailed assignment of duties. 

It is a useful "paper ' exercise for responsible persoo­
nel to expand eacn bax of figure 977D-8lnto its own se­
quence of actions and responsibilities. This is, however I 
p.elimlnary to and not a replacement for the carrying out of 
complete and specific drills and exercises with all possible 
realism. 

Port 3. Equip .... , Fo.lIl.I .. , .. d $0,,11 •• 10. BW/CW 
D.I.,e at Sea 

9770-61. 
The principal shipbaord items provided for NBC pro­

tecticn aboard ship are listed below. Medlcol supplies are 
not included. All clothing, footwear, and handwear Items 
are under the cogoizance of the Bureau of Supplies and 
Accounts. 
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READINESS IN PLANS, ORGANIZATION, TRAINING, 
EQUIPMENT 

DIRECTIVES, BILLS, INTELLIGENCE, 
TACTICAL SITUATION 

r----- IDENTIFICATION DETECTION 

I 
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---.--.- POSSIBLE SEQUENCE OF ACTION 

Figure 9770-8.-The shipboard BW/CW de ..... system'" 

"Adapted from "Battle Control" NWIP 50-1. 
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Protective mask (gas mask) NO Mk V 
Wet weather clothing, regular issue, parka and overalls 

(See Manual of the Bureau of supplies and Accounts, 
chapter 8, Port A). 

Protective clothing, special, impregnated, jumper 
(Plrka) and trousers, with impregnated socks and gloves 
(see the Manual of the Bureou of Supplies and AcCXlUllts, 
DIopter 8, port B) 

Rubber gloves and overshoes (see the above Manual, 
DIopter 8, port B) 

Impregnite-in-clothing test kits (see the above Manual, 
DIopter 8, port B) 

Chemical agent identification kits (detector kits Ml5A2, 
MI8A2 

Liquid CW agent detector poper M6, M6AI (mrked 
"Vesicant Detector Paper") 

Liquid CW agent detector paper M8 (marked "Paper, 
Chemical Agent Detector, 3-way ll) 

Calcium hypochlorite, high test (70 percent) 
Decontaminating Compound (0 detergent) MlL-C-7907 

Aer 
Washdown system and firehoses (see NAVSHIPS Technical 

Manual, Chapter 9900) 
Personnel decontamination stations (see NAVSHIPS 

Technical Manual, Chapter 9900) 
Additional items adoptable to BW/CW defense aboard 

ship are: Detergents, grease-emulsifying solvents, water­
emulsion cleaners, etc. 

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

P.rt 4. Princlpl ... nd P .. ctd .... for IW /ew D.I ..... t 
Sa. 

9770.71. 
This section discusses the background and practical 

applicatioo of the !oIIowing items and proceQues: 
Protective mask 
Impregnated clothing 
Wet-weother clothing 
Intericr decootaminatioo 
Topside deCaltamination 
Decontamination of clothing,. masks, food, and water 
Personnel decontaminaticn 
Detection 
Self aid and first aid 

A number of procedures for use 01 shipboard BW/CW 
delense lacilities, equilJllent and supplies ere'presented 
in NA VPERS 10899A. Additional dicussloo and explanation 
are provided here only where considered necessary. 

1/ A stitch in time saves nine" is an excellent motto for 
oll shipboard personnel to apply to BW/CW defense. 
Although advance planning, practice, and pratectioo may be 
difficult and do require personnel time at all levels 01 
responsibility, in a period 01 active BW/CW they will pay 
unique dividends in missiooS accomplished and in perscn­
nel survival. Post-<lttack procedures 01 persamel and ma­
terial decootaminOtioo and rehabilitation cre always dil­
ficult and seldom IXlIDpletely satisfactory. These factors 
should be recognized as underlying the BW/CW COWlter­
measure procedures recommended in this chapter. 
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VT70.72. PROTECTIVE MASK 
The NO Mk V mask is a modem, efficient, and canfOl'ta­

ble IOOsk which, when !,operly litted and properly worn, 
provides excellent protection to the face, eyes, and respi­
ratory system against all BW/CW agents. Its major can­
ponents are illustrated in figure 9770-9. After it has been 
worn rou tinely lor entire watches while nonnal shipboard 
duties are perlonned, it should have ooly a minor effect 00 

the efficiency of most personnel. The mask does not pr0-

vide protectioo against some COJDIDcn gases such as cmboo 
monoxide, carbon diOXide, and ammonia. 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 01 the wartime canplement. Ten percent 01 
the ship's allowance has been designated for training use 
by the Chief 01 Naval Operations. The remainder should 
be stowed in cool-to-warm, but not hot, ccnditicns until a 
command declsim is taken to issue masks to all hands. 
Stowoge of lUlissued masks in their original cartons is 
necessary to prevent distortion and damage. Since the 
facepiece is made in only one size to fit all persamel, 
careful attention to Iitting of the heod-hcrness straps is 
required in order to ensure maximum protectioo and canfort. 

Ccrrect fit and adjustment 01 the Mk V mask is portlcu­
forly important when masks have been issued to all hands 
lar indelinlte retential. The mask should be tested by 
wearing in a tear-gas eilamber, if feasible. A leakprool fit 
cannot be expected Wlless the wearer Is smoothshaven. In 
additioo, the mask should be wom for at least ooe-hall 
hour to moke sure that it has not been fitted so ti<jltly as 
to cause heodaeile or leave red marks 00 the Iace_ This is 
a fitting period ooly_ Repeated wecring drills 01 lour hours 
or mere are required lar maximum lamilioriZOtioo and 
persamel efIlciency. Alter all the loregoing tests have 
been made, and it has been ascertained that sbOp adjust­
ments are correct, the loose ends 01 the three top-heod­
hamess straps must be threaded throo<jl the bJckles be­
tween the body and sliding member, figure 9770-10. The 
excess length 01 these SbOps should be cut oU, leaving 
about ooe-hall ineil protruding beyood the buckle. These 
straps will now be permanently adjusted to the individual. 
Only the twa bottan sbOps cre loosened and tightened eoeil 
time the mask is removed and replaced (figures 9770-11 and 
9770-12). Both mask and carrier should be securely marked 
or tagged with the name 01 the perSoo to whan it has been 
litted_ 

It has been nated that the protective mask outlet 
valve sometimes sticks closed due to sweat drying ooiL 
U this occurs, the valve may be loosened by Iorcelul ex­
balatioo 01 air, or by massaging the valve throogh the oot­
let valve cover or with the outlet valve cover partially re­
moved (figure 9770-13)_ 

Fogging of the eyepiece is minimized by oppliCOtloo 
01 the antidim whieilis pocked in the mask carrier. The 
antidim should be applied to the inside 01 the eyeliece 
alter eoeil wecring peliod. 
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Figure 9770-9. Protective mask NO Mk V, showing major 
components. 1. Top strap and buckle, 2. Side strap and 
buckle, 3. Bottom strap and buckle l 4. Facepiece, 5. Hood 
stop, 6. Eye~piece, 7. Air deflector I 8. Diaphragm assem~ 
bly I 9. Canister holder, 10. Outlet valve cover I 11. Canis~ 
ster I and 12. Canister apron. 

:'igure 9770-10. Fitting the mask; securing the top strop 
for ~rmanent fit. 
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Figure 977~11. Removing I1lJsk. First step: release 
bottom straps. 

Figure 9770-12. Removing I1lJsk. Second step: p.ill In< 

forward to clear chin. 
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The following procedure is used for mounting the 
canisters CIl new masks after removing them fonn the 
originaillooffee 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 canis­
ter holder (saucer-shaped metal plates permanently attamed 
to meeks of facepiece) so that the holder cootacts the 
perforated plate of the canister at all points on its cirrum­
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 ooe third of the rubber apron over the outer 
edge of the conister (figure 9770-14) and then sliding the 
canister off the holder (fig. 9770-15). The aJXOOs should 
then be unrolled to the relaxed positioo. 

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 replacement will be 
negligible. Replacement canisters are not supplied to 
ships in time of peace. 

9770.73. IMPREGNATED C~OTHING 
Impregnated clothing is supplied to ships in quantities 

sufficient to outfit 25 percent or more of ships' canple­
ments. An outfit comprises impregnated socks and gloves, 
trousers with attached suspenders, and jumper (parka) with 
attached hood. It is illustrated in figure 9770-16. The 
color is an olive green. All items have been treated with a 
CW agent-neutralizing chemical, ee2, plus a viscous binder, 
chlorinated ~raffin. The presence of these two chemicals 
results in a faint odor of chlorine, and a slightly greasy or 
clammy feel. In cool-to-warm dry stowage, and in the 
I.lbsence of sunlight or daylight, the impregnatioo treatment 
is believed to remain effective for five to ten years or more. 
A test kit is provided (see below). 

This clothing is not to re worn forgenerai-purpose 
coveralls, or for any other purpose than NBC training or 
NBC defense operations. The effectiveness of the impreg­
nite is reduced by contact with oil, grease, moisture, or 
dirt, or by exposure to sunlight. The clothing therefore 
should be stared in a clean, dark, thoroughly dry locatioo, 
and in the original packages as for as possible. The in­
struction ta replace the clothing within 6 months of the 4th 
ann! verscry of the impregnation date has been found too 
conservative; and is now disregarded.. 

The impregnated clothing alooe is effective alJlinst CW 
agent vapor or very fine aerosols. However, large aerosol 
particles or droplets can partially penetrate the fabric when 
carried by a strong wind. In addition, it is not possible to 
imJXegnate the clothing with enough CC2 to neutralize 
agent drops of sizes which con soak through the fabric. 
Accotdingly, impregnated clothing is not worn topside 
without the additiooal 'lXotection given by wet-
weather clothing worn as the outside garment. The com­
bination designated XZ clothing (see below) provides ex­
cellent protection when all closures are tightly secured. 
The impregnated clothing neutralizes vapors and aerosols 
which may penetrate the wet-weather clothing, and the 
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latter protects the CC2 clothing from drops or gross 
guantities of CWagents. After the clathing Is worn in 
drills or actual operotions, it should be thoroughly dried 
in wann current of air (moisture Is normally the principal 
factor in deterioratlon of the CC2 impregnite). Laundering 
should be as infrequent as passible, although several Ught­
duty launderings are possible before the CC2 Is degroded to 
the minimal level. See chapters 9350.2, 9350.3, and 9350.4, 
Naval Ships Technical Manual, or the .hip ••• rvlceman 
L.u.d" H •• d .... k (NAVPERS 10291A), for laundering in­
structions. This laundering is not a deccntaminatioo opeJ'O­
tioo. The clothing is self-<lecontaminating, within Um!ts, 
and should normally not require the laundry-<leoantaminatloo 
treatment, which Is described under clathing decootam!­
nation. Decontaminatioo is avoided, unless made neces­
sary by proven CW contamination, l:ecouse it degrades eC2 
more lOOn does the norrrollight-duty Jaundering. 

In the Navy system for classifying BW/CII protective 
clothing, impre\Jlated clothing is designated Class Z. The 
same qJnnents in the unimpregnated coo.diticn are class Y. 

The Impregnite-in-Clothing Test Kit, M2, is a simple 
and valuable indicotar 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 storage location will serve as an 
adequate sample. This proouction-scale testing, if coo­
ducted throughout by the same personnel will promote con­
sistency. Retesting of the earliest-tested garments at the 
end of the prcqram will constitute a useful check. The re­
sults of the annual tests should be retained. 

9770.74 WET.WEATHER C~OTHJNG 
Wet-weather clothing often Is described as impenneable 

or rubberized clothing and designated Class X. Its value 
results from the fact that the standard impTeCJlated clathing 
can be IXlItially penetrated by all but the smallest drop­
lets of liquid agents, especially in high relative winds. 
Moreover the impregnated clothing is not equally eWeient 
in neutralizing all liquid CW agents. Wet-weather clothing, 
(Xl the other hand, if the closures at the neck, wrists, 
ankles, and )XOtectlve mask are well adjusted or taped, Is 
for a Um!ted time resistant to.1I liquid CII agents. 
Gradual penetratioo of the synthetlo-rubber layer of the wet­
weather clothing fabric is dealt wi th in two ways: 
first, by impregnated clathing worn underneath, and 
second, by frequent and thorough flushing of the rain cloth­
ing surface with sea-water washdown or an equivalent, such 
as jury-rigged tapslde sea-water showers, or by swabbing 
with liquid hypochlarite. 

The removal of <my type of BW/CW contaminated 
clothing must be date with extreme core to avoid any body 
contact with the outer surface of the clothing. 

Rubber overshoes are furnished for use with impre<Jlated 
clothing, and in the same quantity. Rubber gloves are 
supplied in smaller numbers (see Appendix B). 
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Figure 9770..13. Correcting sticking outlet valve, with 
cover Illrtially removed. 

fig. 977()"14. Removing conist.,; roll bock opron. 

Cho!ier 9i1O 23 

fig.977().. I5. Removing conister; sliding conlster off holder. 

Figure 9770..16. ImlXegnated clothing mmus mask, gloves, 
and rubber footwear. 
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In wann weather impermeable BW/CW I'Otective 
clothing, such as wet-weather clothing, can be tolerated 
for limited periods only. Recent infonnaticn fran the Naval 
Medical Research Institute gives approximate tolerance 
times for experienced persormel wearing Class XZ clothing 
(impermeable worn over impregnated clothing) under cer­
tain environmental conditions. The clothing included 
rubber gloves and footwear, and the Mk-V {X'otective mask. 
In the NMRI tests, wind speed was coostant at 0_25 knots, 
the relative humidity was practicclly coostant at 58 to 63 
percent, and the test personnel were not exposed to direct 
sunlight. Two levels of physiccl activity were used: 
standing mly, cmd moderate activity. In the latter, test 
personnel stepped up two six-inch steps ten times per 
minute for ten minutesj they were then allowed to stand at 
rest for ten minutes, after which the 2Ckn1nute cycle was 
repeated. In some cases, personnel were sprayed with 3 
gpm of water at 800 F. for wrious fractions of a 2tkninute 
cycle; five minutes spraying out of 20 is designated 5'/20'. 
The data are shown in Tahle 9710-6. 

It is recommended, 00 the basis of the tests thus far 
coo.ducted. that a sea-water spray be used 00 watc:hstanders 
in Class X or Class XZ clothing when the air temperauue 
is above 7rP F. As the temperature rises, more spraying is 
required, and, at 950 F. and 60 percent relative humidity, 
spraying shoold be continuous. Normal wind speeds and 
law relative humidities will tend to lengthen the toIer<mce 
times; direct sunlight and high humidities tend to shorten 
the tolerance times. Delaying the start of sl'OYing is 
inadvisable. Once rapid deterioraticn of perfonnance has 
begun, it is unlikely that the situation can be reversed by 
woter~pray cooling. Instead, removal from the suit and 
treatment as a heat casualty is stroogly advised. 

It is important to recognize that the wearer is cooled 
bath by water evaporaticn and by direct cootact with the 
spray or stream, and that cooling by evaporatiCll. increases 
at higher wind speeds. 
T .bf. 9770-6. Appro.I .... to1 .... e. II ... of 140 ... 1 p ..... -

•• 1 for BW/eW ".. .. ell .. clotlol •• 01 ..nOli 
01. _,._ ... (WI •• 0.25 kl, relotl .. 

Clan of 
Clothing· 

Z 
Z 
XZ 
XZ 
XZ 
XZ 
XZ 
XZ 
XZ 
XZ 
XZ 

~ •• I.11y 51-63 , •• co.t). 

Phy.icol 
Activity 

Air Temp. 
( 'f) 

Standing 85 
Exercising 75 
Standing 85 
Standing 95 
Standing 95 
Standing 95 
Exercising 70 
Exercising 75 
Exercising 95 
Exerclsing 95 
Exercising 95 

Water 
Spray 

Nale 
Ncne 
Nooe 
Nale 
3'/20' 
5'/20' 
None 
Nooe 
10'/20' 
15'/20' 
20'/20' 

Tolerance 
Time 

(Hours) 

3to4 
2.25 to 4 
2.25 to 4 
1.5 to 2 

4 
4 
4 

2 to 3.25 
2 

1.75 to 4 
2.25 to 4 

'Class Z clothing: standard im,,~ted_ Class XZ 
clothing: impenneable clothing over standard impregnated. 
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The spraying can take a variety 01 forms. For a far<lO 
number of personnel, use of sectials of the wash-down 
system at low pressure is suitable. For fewer persamel, 
it may be ~efe[Qble to rig topside sea-water showers, 
using bath vertical and horizontol shower heads, a to use 
fog nozzles. 

Sweat is namoUy accumulated inside an impermeable 
suit. Underclothing, gloves, socks, and shoes beaJ:me 
saturated. Sweating can he teduced and tolerance times 
lenghtened by reducing the exercise rate, using water­
SI'OY cooling, and reducing exposure to the sun. 

mOo7S INTERIOR DECONTAMINAnON 
In practice, decontamination is any process which 

eliminates or substantially reduces the hazards of contami­
nated surfaces Or objects. Decontamination, therefore, in­
cludes the physical removal of an agent by washdown or 
hosing; the chemical destruction or neutralization of an 
agent; and the mixture of the effects of heat, wind, sun, 
and water, called weath.rlng. 

Two levels of decontamination are recognized. 
Op.ratlonally-Camplete decontamination is a degree and 
extent of decontamination which is sufficient to allow 
completion of the ship's assigned mission without undue 
hazards to personnel. This is not a fixed level of decoo­
tamination, but depends,oo the ship's operating schedule 
and the urgency of the assigned missioo.. Decontamination 
at sea c< by ship's persormel will normally be the 
operatiCll.ally~omplete type. 

Ch .... lcallr-Compl.te decontamination is a degree of 
decontamination such that the aplXopdate dlemical test 
fails to give a posJtive respoose for residual agent. Deccn­
taminatioo at Naval shipyards, advanced roses, or by 
shore -based personnel, will normally be of the chemically­
complete type. 

Althrugh complete decootominaticn of a ship'. weather 
surfaces seldom is oec:essary, ex even possible, lntel'iex 
sJXlces and ductwork may be a different IOOtter. When the 
exterior of the ship has been partly cleansed by woshdown 
and firehosing, and sensitive areas further treated by de­
tergent and hypochlorite scrubling, the remainder of the 
exterior surfaces generally can he left to the evapaating 
and hydrolyzing effects of wind and weather 00 CW agents, 
and to the lethal action of sunlight on BW a<lOnts. Inside 
the ship, contamination cannot as readily he tolerated, and 
it is far less subject to the ootural deccntomiooticn 
that acts 00 the ship's exterior. On the favcrable side, 
the ship's interior also is less "ooe to eR/CW cootamiDa­
ticn. This does not cootradict the earlier discussiorl of 
the penetration of BW /CII aerosols into ships via ventila­
tioo systems and leaks. Aerosols, particularly theBe in 
the very small particle sizes chalacteristic of BWagents, 
can and will penetrate into the ship throngh every existing 
opening. HONever, the same facta's which allOW' easy en-­
trance into the ship of BW aerosols also alia« easy dis­
char<lO from the ship; deposition within the ship is anly 
partial. CII aerosols, on the other hand, generally are 
designed to impact on persoonel and ship surfaces. Thefr 
relatively large size and inertla will seldom allow pone­
tratioo of cracks and crevices, and will ensure a consid-
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"",ble degree of centrifu<pl removal by ventilation funs 
aI the CW particles which stort to enter ventilaticn sys­
tems_ A similar rule applies tonucIear-!allout particles_ 
It is seen thotmost BW/CN aerosols will either be too 
small to deposit completely inside a ship ex too large to 
enter. There will be some depositioo inside, however, 
although there is insufficient experience to assess the 
hnzard with accuracy. For this reoscn, !Illd to deal with 
gross cCXltamination from leaking munitions, intericx de­
CCIltamination is _ ~ovided fa. 

Where BW interior cootaminaticn is suspected or knatm to 
exist, a decislmmust be made wbether to: (a) take no 
actiCll other thon to equip all personnel In the affected area 
with JIKlsks and protective clothing (that is, wait fa 0r­

ganisms to die), or (b) attempt thaough deccntamlrrltion 
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 cOffipJrtment may serve to restore a portion of 
surface-depmited microbes to the airborne state. The 
secood 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 comp:utment and its equipment out of service for q period 
of bours. It also, In the case of steam, requires rigging 
a steam line and l>oviding special drainage and ventila-
tion. However, this choice I. thcrough, ani circumstances 
may require its use. 

The l>lnciples and procedures Jar BW steam decootam­
inatioo will be discussed below as a dual purpose BW/cw 
coun termeasure because of the basic similarity In the twa 
operations. Although there are extra steps, materials, and 
hazards InCW decontamination by steam, as It Is applied 
to BW agents, steam decClllaminatian can be regarded simply 
as anautoclaving procedure, done at atmosJheric p'essure. 

Certain liquid decontaminonts ore highly effective 
against BWagents. The l>nblems In the use af these ma­
terials are nat in the effectiveness of the liquids them­
selves, but rather in reaching all contaminated surfaces 
withthe liquid,!Illd thenln obtaining Intimate contact be­
tween the aganisms and the liquid. These Incidental but 
Impatant paris 01 tbs deccntamlrrltioo l>ocess usually are 
carried out best by applying the liquid decontamlnant to all 
surfaces with a coorse-SJXOY device or swab until they are 

.completely wetted. All dirty, greasy or water-repellent 
surfaces are the:n rubbed or scrubbed with swabs or brushes 
to bring the organisms into suspension in the Uquid, which 
is left on the surfaces as long as pos Sible, but for not less 
than the perioos prescribed below. Operating persoonel 
are equipped with masks for protection from both the BW 
agent and the decontaminont. Normal use of the compart­
ment may continue if necessary. 

Of the several decontamlnanis wbich have been IXOved 
efleetive against BW agents, tbs cnly one generallyavall­
able on Navy ships is calcium hypochlorite (Stock No. 681()' 
255-0171 for tbs six-ouace battle, 6810-242-4770 fa tbs 
3-3/4-pound conor plastic jug). Solutions of calcium hypo­
dtlorite are more effective if 0.5 percent detergent a' wet~ 
ting agent is added. The preferred detergent for use in 
hypochlorite solution is Decontaminating ComIXlund (Stock 
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No. 685Q.664-20(13). Laundry detergents (not soaps) are 
also generally suitable for use in hypochlorite solutions. 

The disinfectants, germicides, and fungicides Intended 
for generallight-duty dlslnfectioo or cold sterilJzatloo of 
surgical instruments are regarded as inferia' to hypochlorite 
for BW decontamination. 

The one-percent hypacblarite decontamination salutiCll 
for heavy-duty use in roocpzines and 00 grossly cootaminated 
surfaces Is l>epored by dissolving calcium hypocblorite In 
fresh water in the propation of a six-ounce plastic bottle 
to 3 1/2 gallons of water, then dissolving three ounces of 
decootaminating compound in 1/2 gallon of water, and mixing 
to make four gallons of decontamination solution. This 
solution is well-scrubbed on and then left on the contami­
nated surfaces for 20 or 30 minutes. Calcium hypochlorite 
does not dissolve rapidly, and coosiderable stirring is re­
quired. Three ounces of decontaminating compound is 
measured as 1/3 of a six-ounce calcium hypochlorite bottle. 
The standard decootamination solution of 0.3 percent hypo­
chlorite is used for typical light contamination, and on 
clothing, etc. It contains two ounces of calcium hyIXl­
chlorite (1/3 of a six-ounce bottle), plus three ounces (also 
1/3 of a six-ounce bottle) of decontaminating compound, 
dissolved sep::lrately as arove, then mixed to make a total 
of four galloos of solution (the apparent error of two ounces 
of calcium hYjXX::hlorite and three ounces of decontami­
nating com{X:lund each occupying 1/3 of a six-ounce bottle 
results from the different density of the two rIllterials), 
When decontamination is complete, all decontamination 
solutions should be wiped or hosed off. 

It should be nated that calcium bypochlcrite Is a true 
universal decantarnirxmt fa BW !Illd CW agents 00 men !Illd 
materials. It is also complct, inexpensive, stable in stor­
age, and safe to use. It is a p:7Herful OXidizing agent and 
the solid shauid always be stored In the alglnal plastic 
containers. U the solid Is heated In contact with oxidizable 
material such as paper, wocd, cloth, or oil, ignitim may 
occur. It is always dissolved in water fa' decontaminaUca 
purposes. 

BW decontamination by txIctericidal vapcrs or (JIses, 
sonetines called vapor-plnse decmtamimtim, is ntt c .. -
rently recammeaded fer use on Navy ships at sea. It Is 
discussed under Industrial Decontamination. 

Steaming Is effective for both BW !Illd CW decontami1lll­
tionaf ship interiors. Thel>inciple of operatiCllls first to 
displace all air fram tbs contaminated compartment- with 
steam. This ,11ows the comlXlrtrnent surbces to be heated 
rapidly and efficiently to the maximum tempelllture of ap­
proximately 2120 F. Hlp, temperatures are nat attained 
because, under the conditiCXlS of steam nON and ccniensa­
tion, the steam rapidly loses superheat. Since air. Is over 

"The principles end rrocedures given for steam decontam­
ination are to be understoad as also generally app1icoble 
to ductwork !Illd ventilation systems. 
"The accuracy of the 212" F. mark 00 the thermometer con 
be checked Simply by Immersing tbs bulb and on irrh or 
two of stem into rapidly balling fresh water In tbs gaJJey • 
Do nat aHow the tbsnnometer balb to touch tbs surfaces 
of the water cootainer. 
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60 percent heavier than steam, it is effectively displaced 
from the compartment by admitting and discharging steam 
hom points close tothe deck. Complete displacement of 
air is signalled by a reading of 2110 - 2120 F. 00 an ac­
curate" thermometer which is held in the steam exhaust 
from the complltment. 

When compartment surfaces reach 212° F., BW organisms 
are killed in 15 minutes or less. In the case of CW coo.tam­
ination, four different mechlnisms operate: (a) the ewpora­
lian of the agent which has sooked into the paint is ac­
celerated; (b) hydrolysis and other types of chemical 
neutralization of the agent are accelerated; (c) some of the 
agent vapor is .discharged [rom the compartment unchanged, 
mixed with the exlmst steam; (d) some of the liquid agent 
may remain on the deck, under or mixed with the pool of 
ccndensate. Item (chesults in some h::Izard to persamel, 
curl item (d) is the reason for the additiooal use of chemicnls 
for deck decontaminatioo. 

Before starting actual steaming, all visible and ac­
cessible deposits of liquid CW agent are absorbed in suit­
able material and the absorbent carefully jettisoned. The 
entire deck now is treated with a decontaminatioo material, 
scattered by hand. The material is selected from: (a) 
heavy-duty cleaning campoUI'd of the solvent-emulsion CX' 

water-emulsion type; (b) alkali, such as scdaasb, scd1um 
metasilicate steam-cJeaning compound, Ol' alkaline p:lint­
stripper; and/or (c) oalclumhypochlorite." For a deck area 
of 200 sq. ft., a galla> of cleoningcompound, five pounds 
01 alkali, and/or two pounds 01 oalciumpypochlorite ore 
recomrrended. Ali<oline materials are genemlly undesfr­
able, however, for use on aluminum decks, in complrtments 
with aluminum bulkheads, or in aluminum ductwork. 
Alkaline dishwashing compounds are an exception to this 
rule if they conroin a silicate to inhibit atrock on aluminum. 

!lased OIl the principles cUed, the follOWing I'acedwes 
are used. Steamis taken from a 100 to ISO psi line, led 
to the CClltaminated cOmplItment throogb a steam hose, and 
admitted throu\#a hole cut in the compn_nt bulkhead a 
few inches above the deck. The hole is preferabiy near a 
corner and, where the deck slopes apJ:(eciably, at the upper 
end of the deck. Steam is exhausted from the cCIDl'lrtment 
through another hole, 6 to 12.inches above the deck, cut 
for the purpose, cmd located as for as possible from the 
first hole; i.e., near the opposite comer, or in the opposite 
bulkhead. Ideally, both steam coodensate and exlolllt 
steam waald be carried through a steel pipe, over the side, 
and to a point close to the water line. Since this Is seldan 
feasible, the ccndensate can be retained in the compJrtment 
for later disposal, and the steam exhausted directly. cr 
through a pipe or lDse, to the atmosphere. This involves a 
severe CW Iozard to personnel downwind from the diBclorge 
point, in that the exloust steam may beheavUy loaded with 
agent vapor. Suitllble precautions should, therefore, be 

'"Calcium hypochlorite is the most eflective CW agent 
neutralizer available aboard ship, but it is also the mast 
carosive. This ccnosiveness is iD:Ie<ISed at hiQh temper­
at\lles. Therefore, hypochlorite should not be used in 
conjunction with steam where the compartment contains 
dellcate or critical electronic cr electrical equipnent. 
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token. ~ adjacent atmosphere can l:e checked for agent 
vapor witha detector kit, but the test will be inval!dated 
if the air sample is taken in or close to the plume of exmust 
steam. 

The steamsupply hose, and discharge pipe or hose, if 
any, should be calked intotheir respecUveopenings with 
oakum or rags to minimize leai<oge. After deeJE[gizlng all 
electrical and electronic equipment and lighting circuitst 

steamis admitted rapidly until the temperature of the ""IX" 
at the dischargep:>int read"s at least 2100 F.; 211 °or 
212 0 F. is I'eferable. At this time the steam flow is re­
duced to an amount just sufficient to nnintain the exit 
temperature, and the treatment cootinued for 30 minutes. 1be 
steam is nON shut off, and tie compntment ventibted at a 
high rate until a II visible moisture 008 evopcr.lted. It can 
usoolly be entered in 20 to 30 minutes, but kit tests fa: the 
CW agents(s) involved should always be rmde ~ia to rea:::­
cupying the comPlrtment. 

The deck of a compartment usually is the sl!7Hest and 
moot difficult area todecontaminatej this is the reason fer 
spreading a chemical decontamimnt on the deck. Not only 
is liqWd agent apt to accumulate there, but thedeck is the 
last surface to l:e heated to steam temJ:erature. 'Iberefae, 
the accumulated steam condensate must be suspected d 
carrying a: covering undestroyed agent IUltil the ccntrary 
is Ilfoved. Since a test for ccntominationoonnot readily be 
made until the condensate is removed, bailing and other 
ccndensate-removal procedures should use great Ol1'e to 
avoid unnecessary oozard to persamel. 

To promote dryingof equipment, insulation, etc., the 
complrtment is kept as hot as JXlssible and ventilation 
maintained for the length of time required for drying. Since 
the high temperature also will increase the vapor ccn:en­
tratianof any residual CW agent, this is anopporwne time 
to make kit tests of the compartment air. Deck areas shluld 
be checked in particular. 

During the drying perind, all electronic equi_nt ven­
tilation blowers should be kept operating if practical. Aux­
iliary or portable ventilaticn bl!7Hers canalso be nsed to 
advantage inreci!culating hot air over and throughelec­
tronic and other equipment. These drying ~ocedures are 
prescribed in order to minimize damage toelectronic and 
electrical devices, but very li ule experience exists on 
which to J:(edict slEcific drying times or possible e1ectrtllic 
campo",nt laillEes. The water-displacing and drying ""tt.. 
ods of this IDJnual19 should be considered for use in this 
application. After several hours 01 hot-<Iir drying, electrical 
and electronic equipment may be reenergized cautiausly. 
If thoroughly dry, little or no trouble should occur. 

A special case of BW/CW decontamination, that will 
arise after evety GW aerosol or SII'ay attack in which any 
ventilation l:iowers creoperating, is that of the I::iowers 
themselves (see chapter 9000.33). Blower vanes, and in 
particular the surroWlding housings, can be expected to be 
heavily contamilllted. This material must be dealt with 
because of its re-evap:>ratlon or blow..,!! hazard to the 
compartments served. Use the same J:(cxedures as for 

l'Naval Ships Technical Manual, DIapter 9190, 
SectionX. 
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Irdustrial r:econtamination, and q:lply postde:ontamination 
tests in the case of CW agents. Avoid the careless use of 
corrosive materials wl'ere blower housings areaf aluminum. 

BW/CW deccntamiootion of continuously ventilated JDJ­

chinery spJces is believed not to l:::e a severe 1X0blem, 
except on hull surfaces which are cooled by the sea or by 
fuel or water in tanks. Contamination of bilge areas can 
also jXesent serious difficulties in decontamination. The 
characteristic high temperatures and high ventilation..rates 
will combine toevaporate or destroy agents deposited on 
hot surfaces. Deposition will itself be reduced by rapid 
air movement through the s~es. It should be nated, how­
ever, that the direct hazard to personnel is high, ~ticularly 
for CW. The high temperatures increase not only the agent 
vapor pressure and skin sensitivity tothe vapor, but also 
iocrease the hCl'dsh1p of weaing lX'otective clothing and 
masks. The present solution is, in case of lIkely BWex­
posure, to require_ continurus wearing of the mask, as fa 
topside personnel. For anticipJted CW eXp:lSure, the im­
pregnated CW protective clothing (not wet weather clothing) 
will aloo be required. F,.., .. t changing of mochlnery.apac. 
watchstand.rs will b. a nec.sslty under th.s. conditions. 

In all BWICW decentominatien aboard ship, considera­
tion must be given to possible interference with the essential 
functions and aperatiCllal responsibilities of the ship. 
Protective masks, impregnated clothing, and/or impermeable 
clothing (wet-weather clothing) are available and willlXo­
tect personnel fa extended periods even in the jXeSence of 
high concentrations of CW VQpa' or BW aerC6ols. Perscrmel 
should be able to avoid direct contact with liquid CW de­
posits if their lXesence and location are identified am. 
marked. Therefore, it is believed feasible for well-trained 
perscnnel to carry out essential functicns _and duties in 
spite of the p-esence of CW contamination. Some casualties 
may result, however, and relief will be required at inter­
vals more frequent than usual because of the aooormal heat 
load on the heavily clothed personnel. 

If the decislon is mde to ccntinue essential iunctioos 
in contaminated camp:utments, it is recoolInended that de~ 
contamiootion be carried out concurrently, or at the earliest 
p'0cticol time. The only procedure adaptable to all BWI 
CW dea>ntanination under these oonditions is hmdswd>-
bing wi tit one percent hypochlOrite plus detergent. Demntc:zn­
ination of all BW and CW agents will be effected em all sur­
faces which can be reached. Subsequent evolution of CW 
vap<:< from paint should be checked by use of the detector 
kits. 

Exceptionally heavy BW/CW centaminatianmay occur 
from leaking spray tanks, bombs, etc. in ma~ines.or 
elsewhere. The decontaminatioo iJ'ocedure is straight~ 
forward: (a) li'll1id agents are abscrbed inany available 
absorhent moterial and jettisened; (b) the contaminated 
area is scrubbed with flve percent hypochlorite solutien 
plus detergent; (c) after flushing !be decontaminant away, 
aLr md surfaces are monitored for residual amtamination. If 
residual contaminatiCll is reavy enough tobe objecticm.ble, 
reapply the deccntamin:mt and leave in place fex anex­
tended period. 
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FI_ 9710-17. ShIp washdownsysteminopemtlm. 

9770.76 TOPSIDE DECONTAMINATION 
The washdown system is an item of majer imIXXlance 

inthe ship's NBC defense system figure ma-l7. A general 
discussioo is given in challers 9000.121 and 9900.131. 
Althoo<tt the washda.vn system has application In both pro­
tectim from, and decontamiootiCll of BW/CW agents, in the 
Plst it has beenmore familiar in the latter use, and tlere­
fore will be discussed fully at this paint. 

In all NBC warfare si".lIons, the .. t.c:tlv ..... of the 
washdown s, stem as a prot.cll v. or pr.ventlve (preottaclt) 
d.vice Is greot.r than for d.contamlnatlon (postattack). 
Spray or drops of BW ICW agents which strike a sbip alre<>iy 
covered with a flowing water film are normally washed over~ 
boord. However, in areas where the runoff water flows very 
slowly or collects in pools, SOIIE of the agent may adtere 
to the ship and, in the case of CW agents, be absorbed by 
paint. HOSing is useful in keeping such areas free of agent; 
note can be taken to their locations during washdown drills t 

and suitable instructiens can be included in BW/cw (and 
nuclear) damaglH.'Ontrol bills. When the tactical situatim 
permits, steaming on a zig-zag course helps to clear the 
ship of pools of water as the ship heels, and, in additim, 
improves the distribution of the washdown spray by varying 
the direction of the relative wind (see chapter 9900.133). 

BW ICW agent particles which impact en dry surfaces of 
tlEo ship are not easily or completely removed by postattack 
washdown. Prompt use of the washdownsystem after CW 
attack can remove more agent than if the treatment is de­
layed, however. Without prewetting use of the wasbiown, 
general flrehoslng will be needed as an additional counter­
measure. The following areas will be the most heaVily 
contaminated by airborne agents, and therefcre should be the 
areas most thoroughly firehosed. CWogents: (1) all decks 
and horizontal surfaces, (2) vertical surfaces facing the 
relative wind. BWagents: (I) all small-diameter cylinders 
such as lines, holliards, ropes, and handles; (2) all sur­
faces close to edges, corners, and protruding fittings. 
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The washdown system plus flrehoslng Is the only counter­
measure available for liIeneral, or overall, decontamination 
of theentlre mlp's exterior surface.. Every effort should 
bemade, therefae, to use it to maximum advantage. 

Ships having built-in or "permanentll washdown installa­
tions have adeqoote general maintenance and operating in­
structions in the Ship Information Book Piping 
Section. Experience has shown iliJt defective joints in 
plastic piping are commoo in the interim installations. 
Since testing of washdown systems has been infrequent, in 
practice the defects my be unknown to the ship. A single 
open joint can render a Il1CIjOl' section of the washdCM'Il sys­
tem inoperative, and full-pressure testing should, there-
fore, be regular wxI thorough. The natural aversioo to cover­
age of the ship with salt-water spray need not JXevent wash­
down testing, since this can be done at dockside with 
fresh water. A mere realistic and satisfactory test, how­
ever, is to use the washdown system when underway. Fre­
quent testing also will afford oppatunity fa practice.in 
partial-pressure adjustment of the various branches of the 
system to achieve personnel wetdown (for cooling) and 
ship-surface wetdown without the high volume flow 
necessary fa removal of contamination. Other means of 
testing the washdONn system are available. Although these 
fall shext of full-scale testing, they oove the odvantage of 
minimizing salt-water wetting of the ship. One such pr0ce­

dure is to cover each nozzle with a canvas bag or hood. 
Operating the system wxler these conditions allows an 
estimate of adequacy of water flow, inspectioo of the 
plastic pipe and fittings for watertightness, and indicaticn 
of the general condition of the firemains and pumps. Pres­
swe tightness alone can be checked by replacing the spray 
nozzles with pipe plugs. Experience suggests that wash­
daNn piping leoks will be mae frequent and more serious 
toon coverage deficiency, assuming that installation in· 
structions have been followed. 

Ships operating in aroos where marine growth is exten­
sive may find that frequent, even dolly , operotloo of the fire­
pumps and mains up to the wasWown jumper connecUoos 
is necessary to keep the mains and strainers free of ob­
structions. 

Leaks in the PVC (polyvinyl chloride) plastic piping of 
the washdown system rrcy be due to poor cementing of 
joints at installation, to failure to Il'0vide for thermal ex­
pansion and cootroction (which is about five times as great 
as with steel pipe), to insufficient supports,· to overhoot­
ing as by aircraft iet blast, or tomisbandling and abuse 
(such as use for steps). Solutions to these problems in­
clude recementing, provision of additional suppats or pr0-

tective shields, relocatioo, or replacement of vulnerable 
secticns by metal piping or hose jumpers. Replacement 
plastic parts rmy be available with difficulty; every effat 
should be IOOde to maintain, preserve, and utilize the aigi­
nal material. The replacement compcnents are currently 

"PVC piping must be supported not only to hold Its weigbt, 
and prevent carrying away by high seas or explosive blast, 
but also to prevent the characteristic slow sag ex' creep. 
When this is allowed to occur, severe stretching fcrces my 
be applied to the cemented joints. 
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requisltiooed from NSC, Mecbanicsburg, Pa., and are listed 
in NAVSHIPS 250-548-2 with addendum of Dec. 5, 1958. 

Assembly of portable components of washdown systems 
is discussed in chapter 9900.132. Firebosing is a voluoble 
addition to washdown for mere thaough removal of residues 
of NBC cootaminatlon. Recent studies have shown thot 
the hose stream is most effective when projected well in 
advance of the nozzle so tOOt there is little cr no splash 
or rebound of the hose stream from the surface being d~ 
contaminated. Inaddltion, a flat, 3O-degree, fan-sbaped 
stream Is especially effective fex 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 personnel or to any 
one downwind of the hooing operation. 

Even when used to maximum efficiency, the washdown 
system may not be capable of ll'oviding satisfactay decon­
tamination in some areas or situations. Examples are: 
gross contamination of part of the ship without washdown 
prewetting, contamination of particularly hazardous a sen· 
sitive areas such as crdnance items which have to be handl­
ed or struck below, flagbaists, searchligbt stations, the 
bridge area, deck areas of heavy foot traffic, and aircraft 
extericr surfaces routinely touched by flying or servicing 
persamo!. All of these examples require oddltl<XlOl a 
special decontaminatioo. Therefore, it is norroolly more 
practical to expend extra effort in thexougb decootamlnatloo 
of a limited area thaa to require full protection fex all per­
sennel who are required to' wak in the area. 

The cootamlnation to be dealt with, particularly If wash­
down and hosing have been used, will probably be invisible. 
In the case of CW, it is a cootinuous or intermittent thin 
film of oily material or dep:Jsit of droplets on all surfaces, 
plus agent which has penetrated into the paint. In view of 
the very srn:lll quantities of CW nerve agents coJXIble of 
producing toxic effects, contact of the bare skin with such 
CW~ontaminated surfaces must be avoided. Personnel 
working close to the contaminatioo must be masked unless 
kit tests have proven the absence of a vapor hazard. 

Agent deposi ts remaining after washdown and firehosmg 
are of two types: absorbed and surface. CW agents ail­
sorbed In paint, etc., are relatively harmles., and can 
usually be left to the decontamlnotinlil action of evaporation 
and the various chemical effects of the environment. BW 
agents are not absorbed. The Invisible or near-Invisible 
surfoce deposits of CW and BW agents left after washdown 
and flrehosinlil will also evaporate or be destroyed by en­
vironmental effects, but the vapor and contact hazards re­
quire active treatment of critical areas. Critical areas are 
those lik.ly to be touched or walked on, and those emitting 
hazardous amounts of vapor. o.contaminotl9fl of topside 
surface deposita of CW or BW agents Is done by use of the 
same 0.3 percent hypochlorite, 0.5 percent de .. rgent solution 
that 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 con, however, be removed (physi­
cal deconta;ination) to a considerable extent by the use of 
detergent solutions alone. In addition to the NBC decon­
tamination compound, a variety of detergents or cleaning 
comlXlunds is available in the Fleet, including laundry and 
dishwashing compounds, and the solvent-emulsioo or water­
emulsion cleaners (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 2:D-
342-1 and NAVWEPS 07-1-503 pravide guidance in selectian 
of cleaning materials comp:ltible with the surfaces to be 
cleaned: paint, rubber, aircraft, etc. Instead, BW/CW decon­
taminaticn will be treated as primarily a CW problem. ThIs 
approach is taken because the characteristics of BW aero­
sols are such as to minimize exterier surface contamina-
tion of the ship; in addition, methods and materials satis­
factory fa CW decontamination may be expected alsa to 
work well against BW agents. The decantomlnaticn det .. -
gent shown In BW/CW allowcnx:e lists Is InteJded primarily 
for NW decootamlnatian. It.1s believed that the cleanlng 
compounds ar detergents which ore dilutable with mln,""1 
spirits or kerosene are prefetohle for CW decontomlnatioo. 
1hese lIIlterials are often described as solvent-emulsim 
cleaners. Examples ore P-C-OOS')6b Type I (light duty), 
Type 2 (heavy duty). see NAVWEPS 07-1-503; MlL-C-20207C 
(heavy duty), see NAVSHlPS 250-342-1; MIL-D-16791 Type 
1 (light duty), Type 2 (beavyduty), see NAVSHlPS 250-
342-1; MIL-C-7122 Type 1. "gunk" (heavy duty) see 
NAVAER Ol-lA-SOO. The Bibli~phy gives full titles of 
these and dher documents mentioned here by number only. 
NAVWEPS 07-1-503, a large wall chart, contains detailed 
and up-t<><iate information on the Ingredients and uses of 
31 light and heavy duty cleaning materials. 

When the fire hazards connected with the solvent emul­
sion cleaners tabid their use, water-emulsioo cleaners of 
a med.ium~ heavy-duty type are acceptable. Mere sooking 
time and! cr brushing probably will be required to obtain a 
given degree of dec:ontcminatiexi"than in the case with the 
solvent ... mulsion cleaners. Examples are MIL-C-22543A 
and M1L-C-22550; both are described in NAVWEPS 
07-1-503. 

The most numerous class of cleaning compowds ani 
detergents is the solid material or coocentrated liquid in 
which no flmpmable solvent at all is used. The lire hazard 
Is therefore nil. These are basically light,juty mat .. lals, 
but, if alkalis are added, they enter the heavy,juty group. 
Examples are: the NBC decontomlnatioo detergent MIL-C-
18687 Types 1 and 2 (see NA VWEPS 07-1-503); and MIL-D-
16791 Type I (see NAVSHIPS 250-342-1). These materials 
also require scruli>ing or other agitaticn 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
propriate manool a chart before use. 

A wi~e ~i~ty o! ~er .s~ps: cl~~g ct;'m~unds, 

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

la the BW/CW decontamination of airplanes, heli­
c~ters, missiles, and any other,items which may be re­
latively sensitive to corrosion or penetratim by water, or 
attack by strong alkalis, only light-duty or medium-duty 
cleaners should be used. Cleaners ccntaining any soUd 
mterial also should be avoided as tending to lXomote 
ccrrosion. For the same reason no high-velocity hose 
streams or jets of water should be used on cr close to joints, 
hinges, slots, or other opeaings in aircraft. Unless direct­
ed otherwise by responsible authaity, cleaning solutims 
should be applied in a coarse, gentle sproy, a: mopped and 
scrubbed <no Subsequent flushing at or near openings in the 
aircroft skin should also be dooe with gentle streams of 
water. These procedlXes have the dual advantage of avoid­
ing the scattering or atomizing of the BW/CW contomlnamts, 
and of keeplag the cleanlng materials from penetrating the 
skin of the aircraft, missile, or other equipment. 

In BW/CW decrntamlnation with washdown or detergents, 
whether it be of tbe exterior of tbe ship itseU cr of aircraft 
CI' ordnance equipment, it should be recognized that the con­
taminants citen are merely ......... rather than chemically 
neutralized or killed (unless hypochlorite Is used at the 
same time). Therefore, the possibility exists that the re­
maved agents, cr agent-contomlnated water, may drain or 
now in su:h a way that undersirable quantities remain 00 

the ship. Decontamination operations should be planned 
and conducted so that nane of the agent reaches heavy­
traflic points or other sensitive areas, and so that a maxi­
mum amount of the agent and wash water flows into the sea. 

Personnel protectlan measures during decantominatkn 
operations are straightforward but important. P .. sonnel 
directly involved in the operations must be masked and 
clothed In loa-percent impermeable (rubberized) garments, 
with all closures fully sealed. Other persarmel necessarily 
da.mwlnd of the op«atirn should be masked and, if neces­
sary, wearing impregnated protective clothing. Flnally, 
core should be token to minimize the spraying or splashing 
of contamlnated liquid which caa act as s<uces of secoocl­
ary aerosols. 

No deccntamlnated surface should be assumed to be 
completely free of CW hazard until suitable kit tests ore 
negative. Traces of agent often wUl remain, trapped in 
crevices or absorbed in paint. The degree of decootami­
nation of large topside surfaces, previously exposed to 
washdown, can be increased somewhat by treatment with 
the standard hypochlorite/detergent solutioo. The extra 
effort may not be justified, however, and if the "safe 
times" indicated by detection kits are acceptable, final de­
contamination can be left to weathering. This is a norrool 
situatioo.. 

Calcium hypochlorite is the most powerful shipboard 
decootaminant for CW and BW agents, either topside or be­
low decks. It was originally supplied in small quantities 
fot ~ep:::lring liquid bleach in the ship's latmdry. Additional 
stocks a re now required for BW/CW decontamination (see 
Appendix B for a llowances). The new plastic cootainers . . . .' .. 



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 solutioo, and is always used 
with the NBC decon compound, or detergent, at 0.5 percent. 

In all deeon work, a 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 combine 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 
not be used on aircraft, ordnance material, navigation in­
struments, etc., because of the possibility of corrosion 
damage to exterior surfaces or coocealed p:uts. 

The Naval Ordnance Systems Command is prirnJrily re­
sponsible for the instructions on the decontamination of 
BW/CW magazines, 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, avoiding further spread of agent by splash 
or spray; (5) treat contamiooted surfaces with standard 
hypochlorite/detergent solution, scrubbing where feasible; 
(6) test surfaces and atmosphere for agent; (7) if necessary, 
retreat with decontamination solution for operationally­
complete 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 area, 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 3(}60 minutes, flushed with water, and the cycle 
repeated as necessary. Enclosed areas which have been 
heavily contaminated should be ventilated after decontami­
nation at as high a rate as is practicable to accelerate 
evapJration 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 (lID 
almost nil, other agents somewhat mere), am. which pene­
trate into Plintwork. All washdown, hosing, er detergent­
scrubbing decontaminatioo methods are based on these agent 
pmperties, but they must also take into account one addi­
tiooal facti the agents are violently tOXic; one-tenth of a 
drop in the eye or one-holf a drop left an the skin lIklY he a 
lethal dose_ 

9770_"- DECONTAMINATION OF CLOTHING, PROTEC­
TIVE MASKS, FOOD, AND WATER 

The currently approved methal of BW/CW decontamina­
tl00. 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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obtain this concentraticn, one-fifth the nama! volume of 
water is ooded in the form of the usoo! one-percent liquid 
bleach (NAVPERS 10291, p_ 28), cr calcium hypochlcrite, 
in the amwnt of ooe-qoorter ounce per CJllloo of water in 
the washer, is dissolved in a bocket am then added to the 
lood_ 

The procedure fcc decentaminating wet-weather (rub­
berized) clothing follows; except in cases of heavy coo­
tamination, it is believed that it will ~ove ooequate. The 
procedure is towipe off, using a cloth moistened withone 
percent hypochlorite solutien, all visible agent_ The gar­
ents are then dipped in one percent hypochlorite, rolled 
up wet, allowed to stand for me to 24 hoors, rinsed in fresh 
water, and dried.. The initial need fa decootamimtioo, and 
the eHectiveness of any decontaminatioo method selected, 
can be determined as recommem.ed fer CJlS msks: place 
ooe or mae garments in a tightly covered metal container in 
a warm location fer four hours, then apply a detectIX kit 
test to the air between the garments. 

Two alternative procedures are recommended fer the CIi 
decontamination of the Mk V protective mask. The first is 
also satisfactory for BW decootaminatioo, but an immersicn 
~rio:l of 15 minutes is coosidered adeqUlte. 

1. Wipe all surfaces of canisters with a cloth 
moistened. with one percent calcium hypcchlorite, wipe with 
a cloth wet with fresh water (do not allow any liquid to 
enter either opening of canisters), wipe completely dry, cnl 
set aside for reassembly on facepiece. Dip complete face­
pieces, with head harnesses, in me percent cak::ium hy­
pochlorite, leave wet or immersed fa me to 24 hoors (fer 
the shorter exposures, use warm hypochlorite solutim), 
rinse thoroughly in warm fresh water, dry completely 10 a 
warm to hot current of air (as in machinery SJXIC€S), test 
fer agent residues_ Any cloudy coodition of the eyepiece 
will gradually disappear as dissolved water evoparotes_ 
Test facepieces for CW agent by placing one or mae in a 
tightly closed metal container cm:lleaving in a warm 
area (1000 to 1400 F.) for four hours_ Then sample the air 
in the container, using the maximum number of bulb can­
pressions allowed by the detecta kit instructions. Wearers 
of decootaminated lIklsks shruld he wotched by medical 
personnel fa eye Irritotion_ 

2_ As a supplementary treatment to the above 
methoos, if one is required, lIklsks can he aired in a current 
of warm to hot air (1000 to 14()O F-), as in machinery spaces, 
for two days to one week. Masks should be suppated so 
as to minimize stretch cr distatim, and not allowed to come 
_in contact with oil 01' grease. 

The BW/CW decootamination of food ood woter is de­
scribed in instructions from the Bureau of Supplies and Ac­
counts (Instructioo 3300_6)_ There is little reason to ex­
pect direct BW/CW contaminatioo of food (except vegetables 
stored topside) c< water_ Covert (sabotage) contaminatloo 
of food or water is recognized as difficult but highly pre>­
fitable for an enemy. If such contaminatioo is suspected or 
definitely indicated, the foods subsequently served may 
require special selectim andlcr extra-thaouljI cooking, 
and drinking water may require super-<:hlorinatioo_ Other 
approlXiate cwntermeasures carmot be forecast, but will 
he determined hy medical ood comroond persoonet 
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f770.78. PERSONNEL DECONTAMINATION 
Persamel decontamination stations are used both for 

BW/CW and for nuclear-falloot decootamlnation (see chapter 
9900.124). The method of operation for all three types of 
contaminatioo 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 fullout cantominants 
that is possible by a soap and water treatment. The pr0-

cess is descxibed elsewhere, but certain points are to be 
emJhasized •. In the first place, the process is me of re­
moval of coo.taminants whidl are inherently extremely 
difficult to remove. As with decootaminatiCil of materials, 
use of much water is of little value; what coonts is 
thorough and viga-ous detergent-<md-water saubbing and 
rubbing, with emphasis on lIle ports 01 the body most likely 
to be contaminated, and on skin cracks and crevices (as 
around lingemails) and hairy areas. The use of moderate 
quantities of one percent hypochlorite solution (laundry 
bleach) together with detergent is expected to give better 
results than the use 01 soap oIane. The liquid bleach can 
be picked up in the cupped hands !ran cantoiners provided 
in the deccntamimtion station, and rubbed ooto all ~rts a 
the body while waiting for use 01 a shower. Slight but 
harmless irritaticn may be expected en delicate areas; the 
liquid should no. be allowed in the eyes. 

With BW contomination, rapidity 01 removol is of little 
importance other than to make Waf for other men and to re­
turn to duty. With NW cootaminaticn, speed is more im­
portant oot not crucial. 

With CW coatamlnatlon, If contamination I. actually or 
probably p ....... on the body, .pHd I. of _WIDUIII Import­
anco. Only the Jllrts of the body most likely to be contami­
nated should be given detailed attention at first; thorough­
ness coupled with speed is paramount. Then considerotioo 
must be given to other men waiting for decootaminatioo; 
all waiting must be minimized by efficient use of facilities. 
It is highly desirable that personnel decootominatlon fadli­
ties should be able to take care simultaneously of at 
least hall the exposed topside personnel. Personnel 
waiting to enter the decantaminatioo station should be pro­
vided with buckets 01 hypochlorite/detergent solution, 
cellulose spooges, and topside showers. These items pro­
vide lor a prellminary decontamination 01 clothing and lor 
personnel cooling. Topside showers can be improvised 
using firehose and fog nozzles. For efficient opemtioo of 
a decootominatioo station, it is desirable that persamel 
be given help in removal 01 clothing. Body oantact with 
contaminatioo on the outside of clothing is minimized by 
removing the outer garmentflrst, then footwear, gloves, 
socks, and underwear, in that order. The protective mask 
is removed last, just before showering. 

9770.79. DETECTION 
Uquld ellemical Agent Detector Paper M6 or M6Al" 

(figure gnO-l8) is an exceptionally versatile material and 
today is the Navy's first-line item lor detection 01 liquid 
CWagents. (It is generally marked "Uquid Vesicant 

"M6 and M6AI Jllpers differ only in size. Sheets 01 
the !<rmer are 5 x 5 in.; the latter are 2-1/2 x 3-1/2 in. 
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Detector Paper.") 1£ in place at suitable points 00 the 
ship, it is continually ready for instantaneous respoose to 
droplets 01 all known liquid CW agents. It is usually 
serviceable for a matter of weeks, and its response can be 
checked at any time by application 01 a drop of methyl 
salicylate (oil 01 wintergreen), a medical store item, which 
gives the same red coler as do the liquid CW agents. The 
M6 {XlpeI does not provide adyonce, or warning, detection; it 
only shows that liquid CW agent Is already on the ship and 
00 its topside crew. 

It is important to note that M6 paper resp:xlds identi­
cally (by a green-to-red color chmge) to all liquid CW 
agents. That is, its response is exactly that required to 
indicate the MC class 01 CW agents. The voIue 01 M6 (or 
M6Al) pa.per as a universal detector of liquid CW agents is 
obvious when it is recognized that all the liquid, or Me, 
agents require the same initial personnel-protective and 
ship--protective actioos. Identificatioo of the particular 
agent or agents present is necessary and is to be given a 
hi<#! priority, but the required initial actions by command 
and by individuals are to be taken at once, belore specific 
agent identification is made by ale of the kits or other 
devices. Droplets 01 the MC agents all result in detector­
paper spots having a diameter four to five times that of the 
droplets themselves. This "mal1lificatioo" aids in the 
detection ~ess, oot close tnd careful inspection is 
nevertheless required to observe the spots resulting from 
droplets of 100 to 200 microns (0.004 to 0.008 inch) or 
less. Based on the previous discussioo of smallwPJrticle 
impaction, 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 pipe, stonchion, or other cylindrlcol 
object which is not more than an inch or so in diameter. In 
the form 01 a vertical cylinder the detector paper also is 
effective for a wide range of relative wind directioos, and 
Is less exposed to the deteriorating effect of sunll<#!t. 
[).uing periods 01 probable CW attack, the detector paper 
should be Wlder observatioo at cxntinuously manned watdl. 
stations which are fully exposed to the weather and lacated 
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 examination. 

The shelf lile 01 detector poper Is 10 to 20 years at 
700 F. At temperatures between 1250 F. and 150o F. the 
paper may change color slightly and lose sensitivity over a 
period of mooths. However, useful sensitivity is retained 
after six months at 1650 F. Stored paper should not be dis­
carded unless a spot test with oil of wintergreen shows 
development of the red color to be markedly slower or 
weaker than on fresh paper. Outdoor weathering also re­
sults in deterioration, and this is accelerated by high 
temperature and. intense sWllight. Three weeks is an 
average topside lifetime for M6 detector poper. Exposed 
JXIper 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 CeIlulube 220 hydraulic 
elevator fluid gives a resp::Xlse en M6 paper that in any 
way resembles that of liquid CW agents. As can be easily 
demonstrated, however, the Cellulube 220 respoose is 
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comp:uatively slow and pale. Dilute acids, alkalis, and 
hypochlorite produce no color change. 

Chem1cll1 agent detecter Plper M8 Uigure 977G-18) is a new 
material, and distinctly different from M6 paper. Me paper 
also is described as 3-way or differential detector paper. 
At present it is furnished only as :J comparent of the de­
tector kits. It can be mounted at the same location as the 
M6 paper, or reserved for follow-up tests after the M6 
paper gives a positive response. The M8 detector paper 
res ponds differently to the three IlIljor types of liquid CW 
agents. The color with mustard is red; with G agent, 
yellowj and with V agents, greenish-black.. Variation in 
coler occurs with agent mixtures. Me {Xl~r is vahnble in 
rapidly identifying a liquid agent by type after M6 paper 
has shown that a liquid agent is present. Although an 
effort should be made as soon as possible to confinn the 
M8 test with the regular kit tests, agents of very low 
volatility may not furnish enough vaporfor a positive kit 
test. 

The M6 paper is expected to remain the primary de­
tectorfar liquid CW agents on shipboard for the follOWing 
reasons: 1. Since the color change of the M6 paper is the 
same for all liquid CW agents or any canbination of them., 
the observer is not required to decide whether a spot 00 

the paper is red, yellow, greenish-black, or none of them. 
He can therefore sound the alarm more quickly cmd 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, cmd may 
indicate some mixtures as single agents only. 3. The M6 
paper is less apt to give a false alarm. On Me poper a 
spot of soot or black oil may resemble the greenish-black 
V agent test. 

Two CW agent detector kits are available to most Navy 
ships. The Ml5A2 is shown in figure 9770.20 and the 
Ml8A2 in figure 9770.20. Similar views of the Ml8A2 kit 
and its refill kit are shown in figures 9770-22, 9770-23, 
and 9770-24. The Ml5Al 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 Ml8Al kit provides the above tests and, in addition, 
tests for arsenicals (L and ED), AC and eG. 

Many ships still have the MI5 and MIS kits rather thon 
the newer Al mooels. The Al kits are a radical imtr0ve­
ment over the earlier models in that they contain the enzyme 
ticket test. This is a very sensitive test for all nerve 
agents, including V agents. The MIS and MIS kits cannot 
test for V agents. 

The detection kits, in centrast to the detector papers, 
are to detect the presence of CWagents in the vapor state, 
and to identify particular types of agents. They give no 
advance warning of approaching glses or aerosols. Their 
purpose, once a CW attack is knCJoNn to have ocanred, is to 
identify the agent or agents for guidance of the Mediad 
Department, and to tell when protective masks may be re­
moved with safety. The kits may also be used to locate 
the contaminated and uncontaminated areas of the ship, 
and to check the completeness of decontamination. Since 
the kits are deSigned to take air samples only, auxiliary 
means must be used to test for contamination of material 
or surfaces. Clothing, gas masks, and similar items to re 
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 
evaporates; in the open most agents evolXlrate so slowly 
that the vOJX)r is carried away before enough accumulates 
to provide a sure test. Similar coofinement of the air in 
contact with a sectioo of deck or bulkhead can be accanp­
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 con be identified for the specific agent present by 
wiping with a small piece of absorbent cotton, cloth, or 
paper, then holding the cloth or JXlper in contact with the 
detector tube or ticket while an air sample is drawn through 
it. Sum a film cen, of course, be given the tests for 
liquid CW agents by pressing against it a piece of M8 or 
M6 paper, or both. M6 paper never should be wiped or 
rubbed on a surface. The abrasion alone can produce red 
marks whim might be te(}ll'ded as a positive test. 

32 
ORIGINAL 
I Ap.1I 1967 



... 
0 -(,) 
Q) -Q) 

0 ... -Q) c: 
Q, <0 
<0 (,) 

c.. ·iii 
Q) 

• ::> 

:'S! 
::::l 
C" 

::; 

Figure 9770-18. Oiemicol agent detector papers . 

Chapter 9770 

CO 
~ 

! 

II .. ~ 
- I '" 
1

. 4 

-t ~ 
>: ... .. 
. ! 

6665-21-112-0309 

PAPER 

CHEMICAL AGENT DETECTOR 

3 WAY 

33 
ORIGIHAL 
1 Apri l 1967 





n ;!) 
~ 
0 '@ 

i il 

§ ~ 
" 0 '? 
~ 

.s 
~ 
< 
~ . 
• 
£. 

'" 55 
>-
~ 

n 

'" 



Detector kits will give more rapid, direct, and reliable 
results if one or more well-protected men perform the 
sampling, and if the other steps required in using the kit 
are taken by personnel inside the ship in good light and 
Wlder conditions favorable for handling the YJ.rious kit 
components. The latter men obviously must wear pr0-

tective gloves when hmulling detector tubes, tickets, or 
other components which may be cmtaminated. 

It is naN recommended that all detector kits, except 
those regularly 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 periooic 
replacement, and improve combat readiness. Kits placed in 
cold storage should be conspicuously marked for easy 
recognition. Securely-fastened tags should bear the normal 
kit expiration date; 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 
temperature, Following are estimates of the storage life of 
Ml5A2 and M1BA2 kits. 

Effect of Cold Storage on Lif. of D.tector Kits 

Storoge Tern- Storage Life Kit Storoge Life, 

perature, De- Improvement Years 

grees F Factor 

70 3 

40 2.9 9 

33 3.7 11 

15 7.6 23 

0 14 42 

Valuable extensions of the storage lHeo! detector kits 
are also gi ven 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 

Tabl. 

Total Lifetime of Detector Kits Storetl at MOIliol T e.pero­
ture Then Placed i. Cold Storage, Years 

Cold Storage Time Elapsed from Date of Manufacture 

Temperature, Placed in Cold Storoge, Years 

Degrees F 0 1/2 2 3 

40 9 8 7 4 3 
33 11 10 8 5 3 

15 23 19 15 7 3 
0 42 35 28 14 3 

9770.80. SELF AID AMD FIRST AID 
Although it is not the function of this chapter to provide 

medical infonnation or instruction, it is desi.rable that 
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every opportunity should be token to familiarize persoonel 
with the essentials of the medical ex rredical-rebted aspects 
of BW/CW defense. These essentials are: 

1. Self-<Jid removal of CW agent droplets from eyes 
by thexough flushing with a gentle stream from any avaibble 
source of water, fresh ex salt. Flush each eye alternately 

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-<Jid use of M5 ointment to remove a few 
drops of CW agent, from a relatively small area of the skin, 
after first flushing the skin area with woter, and blotting 
dry. Follow instructions on the MSAI Protective Ointment 
Kit (flat, olive-brown oon), which is packed in theMic V 
IX'Qtective mask carrier. The MS oinbnent is the I .... 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 thaough 

sooJHll1d-water shower, with use of hypochlorite soluticn, 
in a decootaminatim statioo. Protective ointment M5 is 
not to be used in or close to the eyes, as it is extremely 
irritating to these tissues. 

3. Self-<Jid, or buddy-<Jid, use of the atropine 
syrette to inject one dose of atropine in leg, thigh, or 
meaty part of shoulder or ann, when u .. of .1. I,.. I. 
ladleate .. , should calform to Bureau of Medicine and Surgery 
policy. At present this states that the lndlvlwal injects 
cne syrette of atropine, his buddies inject the next two 
syrettes, and over three syrettes are injected WlCler medical 
supervisioo.. If medical supervisioo is unavailable, the 
officer or petty officer in charge may authorize the admini­
strotion. Syrettes should be given at ten·minute intervals 
as needed. Initial PAM (see Glossary) may also be given 
by other than medical personnel. , 

4. Buddy-<Jid use of mouth-to-mouth artificial 
respiration on persamel who have severe difficulty in 
breathing or who have collap;;ed, due to nerve agent 
exposure. All shipboard personnel should be drilled in 
this highly effective treatment, which can also save lives 
of personnel who hove lost consciousness due to drowning, 
electrical shock, or smoke suffoaItioo. Details of the 
treatment, while Simple, must be fallowed correctly_ There 
need be no fear of inhaling nerve--agent VIlporS fran the 
mouth of a victim, but appropriate precautions should be 
taken if the victim's face is CCI'ltaminated. In a toxic 
atmosiD.ere, the patient and buddy must wear masks, and 
the back-pressure ann-lift method used for respiratioo. 

5_ Use of hypochlOrite soluticn by self or buddies, 
to decaltaminate the mask, clothing or body ports while 
waiting to enter decootamination stations. Equipment or 
skin believed to be contaminated should be well sponged 
and rubbed with the solution; to keep hypodJlorite out of 
the canister, the mask should be rubbed with a .... 1 •• (not 
saturated) sponge only. The solutioo may be left 00 the 
clothing, but the skin should be flusbed free of hypochlorite 
using showers outside the decon tamination statioo. Special 
aue should be taken to keep hypodJlorite out of the eyes. 
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SECTION III. INDUSTRIAL BI/CW IlECOHTAMIHATIGII 

Part 1. Introduction 

9770.91. 
Industrial decontamination implies BW/CW CQwlter­

measures which are beyond the ship/s own ability to per­
fonn. Normally I it will be conducted at or near a shipyard, 
advanced rose, or other Navy industrial facility. 

Although industrial BW/CW decontominatioo introduces 
no new principles, it does involve three factors not found 
in decootamination at sea. These are: 1. The ability to 
suspend all normal Qeti vity and wi thdraw all persamel 
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 oontaminatioo 
in areas or quantities not typical of enemy action. For 
these reasons, industrial decontamination will often differ 
from decontamination at sea in the details of its application 
of rosie principles, and in the scale of its operations. 

Industrial BW/CW decontamination will normally aim at 
chemically-complete decontamination rather than the 
operationally-complete 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 industrial facility. The ease with which below 
decks industrial decontamination can be carried to a 
chemically-complete stage will deRend on the extent to 
which the ship's force has isolated the contamination and 
physically removed surface contamination. 

Part 2. Plan, and Preparation 

9770.101. 
The first step in the industrial decoo.tamination of a 

ship is to 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 
assigned berth cr mooring. The ship's force can perform a 
preliminary CW evaluation, but is not equipped to evaluQte 
BW contaminatioo.. Therefore the ship should be isolated 
until the BW evaluation can be perfonned, 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 sud'l areas of sensitive 

equipment, such as communications or ordnance material. 
4. The degree of ccntamination, such as pools of 

liquid, thin films of liquid, or contaminated paint or grease 
with no liquid agent visible. 

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

6. Special problems in persoonel movement, includ­
ing transfer of personnel to and from the personnel dreSSing 
and decontamination site. 

7. Feasibility of normal or jury-rigged ventilation. 
S. Availability of stearn, fresh water, and electric 

power. 
9. Availability 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. 

B. The availability of clean and Ught barges or 
tanks for holding contaminated water. 

14. facilities for personnel dressing and Wldressing 
and for persormel decontamination. 

15. Medical facJlities which are equipped and 
trained to handle cases of exposure to the agent(s} being 
decontaminated. 

16. Bacteriologicallaooratory facilities for taking 
and evaluating surface and air samples for BW contami­
natioo. 

Decisions and plans are then made as to the decon­
tamination procedures to be used, the supplies and facili­
ties required, the number of personnel needed, personnel 
training and possible dry runs, personnel deployment for 
operations, mooitoring and safety procedures, and approxi· 
mate scheduling of all phases of the operation. 

Thecootamiooted ship should be located at an isolated 
point, though not necessarily a remote one. A location at 
which the prewiling wind is toward unoccupied areas is 
highly desirable. Stearn and electric power !rom the ship's 
own system, from the shore, or from a service craft will 
be a normal requirement. There need be no unreascning 
fear of the hazard of CW vapors or BW aerosols to nearby 
ships or areas, inasmuch as this will not be materially in· 
creased by controlled deccntamination processes. More­
over, the hazard should decrease rapidly as thework p~ 
gresses. In any case, the operations plan will include 
frequent mooitoring of the atmos~ere in appropriate 
sections of the ship and in nearby areas downwind. 

The evaluation of aerosol or surface samples fat BW 
organisms normally requires 24 hours or looger. Therefcre, 
in crucial mases of BW decontaminatioo, it may be neces­
sary to defer subsequen t shipboard operations unUllabora­
tory evaluation reports have l:een received. 

Part 3. Operatiou 

9770.111. 
As previously anphasized, the CW decootamination 

process in general will recognize that the liquid CW agents 
are extremely toxic oily subtonces which readily penetrate 
paint, greasy or porous materials. BW industrial decoo.tami­
natioo operations will recolJlize that BW agents are best 
decootaminated in place, with special ptecautions taken to 
avoid the setting up of secondary aerosols of the microbes. 

The specific decontamination processes and procedures 
selected will depend on the nature and quantity of BW ICW 
agents present, on their location 00 the ship, and m the 
materials and facilities available. Two examples will be 
given, together with suggested actions. 
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9770.112. CW DECONTAMINATION 
A ship has received extensive topside contaminotioo 

with CW agen~s) believed to be a VX-mustard mixtw:e. 
Ventilation intakes md fans are extensively contaminated, 
cool surfaces in machinery spaces are moderately coo· 
taminated, and there is very light cootmninatlCll of a number 
of ccxnpartments throughout the ship, including the hot 
areas of machinery spaces. A very thorough chemically­
complete, decontamination job is required in order that 
repaiI of battle damage and modemizatioo 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 woshdown and firehosing, 
plus application of standard decontamination solution to 
personnel-traffic and perscnnel-contact areas. In addition, 
weathering will have improved the effectiveness of the 
operationally-complete decontamination. 

A major remaining problem may be retention of BW/CW 
agents in greasy or oily surfaces. This can best be dealt 
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 pJint, etc. The 
emulsion cleaner should be one that can be applied to all 
topside fittings or equipment without causing Significant 
deterioration other than through removal of oil or grease 
film. The cleaner should also be one that will not cause 
any substantial degradation or deterioratioo of pJint or 
rubber. In areas known to be greasy or oily or heavily con­
taminated with CW agents, the cleaner should be applied 
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 emulsioo 
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 bcxly 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 ventilatim fans and contiguous ductwork are 
relatively small in area, and are also difficult to reach 
for repeated dea:ntamination treatment, it is recommended 
that they be decontaminated with the standard hYJX)chlorite­
detergent decontamination solution, as for decontamination 
at sea. The entire contaminated area should be vigorously 
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 
hypochlorite remaining will be an active source of corrosion. 
The amount of liquid applied should be kept to a mlnimum 
to prevent it running to inaccesstlie sections of duct'Mlrk.. 
The location and degree of cootmnination may require re­
moval of ductwork for separate treatment. 
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A resurvey now am be made to detect residual topside 
contaminatioo, with extra attention given to the following 
points and areas: those likely to have been heavily ccn­
tamiaated, those difft",lt to reod! with decootamlnant, 
and those likely to retain cootaminants tenacirusly. In 
the third grwp of areas are comers and crevices, enclosed 
or concealed secticns of machinery and fixtures, porous or 
stiU-greasy surfaces, and many painted surfaces. 

Painted surfaces still giving a positive test am be 
treated with a paint stripper to remove agent and paint 
together. Stroogly alkaline types are jre!erred for noo­
sensitive surfaces such as decks and Wlkheods, because 
the alkali assists in destroying the agent. However, for 
surfaces Salsitive to alkali, sud! as aluminum, an organic­
solvent stripper must be used. In either case, the subse­
quent water flush to remove paint and agent residues must 
be run ioto a holding tank or barge for subsequent treatment 
as required. Treotment should iovolve: I. holdiag until 
alkaline hydrolysis is complete, or 2. the additicn of dis­
solved hypochlorite, in the amount of ooe-llalf pound of 
calcium hypochlorite per 100 gallons of water, to accelerate 
destruction of CW agents, together with a means of recir­
rolation or other adequate mixing. 

A similar process is suggested for painted surfaces 
below decks. However, two special factors may now apply: 
sensitive oommunications and other equilDEflt may be 
present, and large amounts of oil and grease will in all 
probability be present In machinery spaces and bilges. The 
sensitive equipment, whether below decks or topside, 
should be treated Iry the simplest procedure that will ef­
fectively decontaminate. The solvent-emulsioo treatment 
may have to be repeated with greater emphasis on reaching 
concealed p:uts, and on agitaticn, scrubbing, or other 
mechanical action. Prolonged ventilation with air as hot 
as the equipment will tolerate may be tried. 

If these treatments are inadequate, the procedures of 
this manual" for recooditiooiog flooded equipnent should 
be used, without, however, applying sea water at any time. 
It is not believed that an uluascnic treatmentU will nmmally 
be r6:luired. The cootaminated machinery spaces and fit­
tings are probably best given one or two all~ver treatments 
of a heovy-duty solveat emulsloo cleaner ",t with diesel 
oil. Scrubbing and additiooal applicatloos of emulsioo 
cleaner may be required on exceptionally greasy surfaces. 
Alter all surfaces are thoroughly flushed with fresh water, 
whid! Is droined to the bilges, two further steps om gJ 00 

ccncurrently. When dry, the treated surfaces can be 
tested for agent, with positive-test areas further treated 
with alkaline paint stripper; and the bilge water-oil mixture, 
with the addition of emulsifying agent, can be continurusly 
recirculated by pumping to dissolve or take into suspensioo 
all agent-cootominated oil and grease. 

The bilge treatment21 is similar to that used for cleaning 
fuel-oil tanks, etc.; an ample supply of alkaliae heovy-duty 
emulsion cleaner is used, and steam heating is carried 00 

carefully to avoid producing excessi ve amounts of agent 
vapor. 1£ the vapor concentrotioo remains low, the bilge 
water and emulsified oil is heated by steam, with recirro-

nNaval Ships Technical Manual, chapter 9190. 
DBureau of Ships, Journal, July, 1959, Page 24. 
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laling pnnping, until all oil and grease is believed to be in 
suspensioo. The addition of small amounts of prevloosly 
dissolved calcium hypochlorite is recommended to promote 
decontamination of the bilge water in place. One-half pound 
of hypochlorite per 100 gollons of water should be suffi­
cient. This is a D.DS-percent solution. 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 coosistently positive tests 
for agent still are obtainable on bilge surfaces, the above 
treatment is repeated with a longer period of recirculation 
and with both the recirculation and steam heating optimized 
in the contaminated zone. 

It is believed that the ahove typiaal and geeeralized 
procedures can be applied, with adjusbnent for special con­
ditions, to most problems of industrial CW decontamination 
of ships. 

It will be recognized that, evea though approved pro­
-ceduces for decoo.tamination and mooitoring have been fol­
lowed. contamination may persist in inaccessible areas, 
for example, underneath machinery foundations or behind 
thermal insulation. Therefore, thorough and resourceful 
monitoring should be conm1cted IX'eceding, and in CCIJ­

junctloo with, subsequent overhaul or repair operaticns. 
Careful check should be made of areas underneath or be­
hind machinery and fixtures whidl have been removed. 
Spot treatment of any surface contamination found.COIl be 
performed by scrubbing with a stroog hypochlorite! 
detergen t mixture, and alkaline paint remover used as 
required. 

No general statement can be made oa the practicability 
of decootaminating highly absorbent material such as lines, 
hose, tarpaulins. etc. Hcmever, it may be found ecoo.omi­
cally feasible to soak such materials in a tank of CIle per­
cent solutioo of an alkali. such as soda ash, containing 
0.1 percent hypochlorite. 

In connection with nonna! industrial operatioos on a pre­
viously decontaminated shiP. the necessity of protectioo 
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. 

It should be noted that the use of steam-deeming pro­
cedures, using high-pressure steam guns, has not been re­
commended. Although highly eflicient for removing grease 
and h61VY oils, an aerosol and vapor hazard could result 
from the use of sudl procedures 00 CW-contaminated ma­
terial. However, it is visualized that stecnn-gun cleaning 
may occasiooally be required for complex and heavy mecha­
nisms, sudl as gun mounts. If steam cleaning is used, 
there should be full understanding of, and provisioo for, the 
hazards involved, particularly to downwind areas. 

Protection of personnel cooducting any industrial 
decootamination procedures should be thorough and can­
plete, using special butyl-rubber suits throutjlout. Facili­
ties for dlange of clothing, persamel decontaminatim, cmd 
medical supervisioo will be required also (see chapter 
99(0). Although all of the steps listed are calO1lated to 
minimize vapor concentrations, if these appear to be high, 
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air-llae masks for industrial deoontominaUoo workers may 
be preferable to the standord Mk V mask (the hose llae 
itself must be carefully guarded for ccntaminatioo, whidl 
might soak through and contaminate the breathing air). No 
man should work in below-d.ecks cantaminatioo withoot a 
safety observer, equally well protected, nearby. Responsi· 
bie and expert supervision must be exercised in all phases 
of the operation. This supervisioo includes the frequent. 
careful, and judicious use of detection apparatus to ensure 
personnel safety and adequacy of decmtamination. 

9770.113. BW DECOMTA"UMATIOM 
If the ship under treatment is known to be BW­

contaminated, a survey of the lOOltion, extent, and degree 
of the agent deposits is indicated, as for CW cootamination. 
This will require the services of an experienced oocteri­
a1ogic:allahorotory, which will also supply infonnaUcn 00 

the identity of the BW agent, 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 ccnditioos until the 
ship's arrival at an industrial facility. In case sudl are 
detected, an all-over topside treatment with standard 
hypochlorite-detergent solution will be required. Scrubbing 
accessible areas with the solutioo. is highly desirable. All 
solutions must be flowed on to minimize secondary aerosols. 
The final removal of detergent and hypochlcrite may be with 
fire hose. Interior decontamination, however, is the most 
likely problem, with the loaatioos and degree of ccntaml­
natioo resembling those cited ahovefor CW ageets. Although 
BW agents may be expected to adhere to pointed surfaces, 
they do not penetrate or diffuse into these materials as 00 
all liquid CW agents. 

Large-scale industrial decontaminatim of a ship's 
interior nonnally will use one of the proven vapor-}:ilase 
deCClltaminants, such as formaldehyde, ethylme oxide, 
oorooxide, ethylene oxide/Freon, or beta-propicrlactc:ne 
(BPL). All are relatively noocorrosive, although aa ead­
product of the beta-propiolactone treatment is a very dilute 
solution of propionic acid. This acid is comparable in 
corrosiveness to vinegar. fonnaldehyde (formalia) is per­
haps the simplest and most readily available. It Is easily 
vaporized with stecun, whidl also supplies the heat and 
high humidity required. Excessive persistence of the 
formaldehyde odor can be countered with a light post­
treatment with ammonia wpor. 

No vapor-phase decontaminant is regarded as an 011-
purpose BW decontaminant. Formaldehyde requires relative 
humidities above 70 percent and temperatures above 7CPF. 
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 carboo. dioxide 
(Carboxide) or Freoo. 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, con floduce severe reactioos when warn in close or 
confined oontact with the skin. Although BPL is of proven 
effectiveness in decontaminating the interiors of large 
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structures contaminated with resistant spcxes, its use at 
present requires specially-trained or professiooal persoonel. 

To ensure that the vapor-phase decontaminant reaches 
all contaminated sectioos of ventilaticn systems, access 
plates must all be removed. Direct injectioo of steam­
fonnaldehyde or other decontominant into weather ends of 
the ducts cmd into !an housings may be advlsohle. 

It alIUlOt be stated at present that a 24-hour tteatment 
with one of the vapor-!'hase deccnoominants will kill all 
organisms en greasy surfaces or in bilge water. Therefore, 
the post-deccntamination survey will check these points in 
particular. A solvent~ulsioo treatment may be required 
prior to a second vapor-phase decontaminant applialtioo 
to assure renoval of the grease end oil which may protect 
or~sms from the deoontaminant vapor. 
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APPENDIX B 
Blllrea. of Ships Master AUowa.c. List Su •• ory of BW/CW Defen .. Clothing and Equip.ent for Representative Ship Types 

AD AGE 
J 

AD tAPA t 
APO I ATAlATF CAlCAGJ CLG eVA41 CVAS9 CVS ~ DOIDE 

Protective MClSk, Mk V lOS of Wartime Complement 
4240-268-9732 I I I I I 

Impregnated Clothing Outfits 25% *30% 25% -"'" -30% - of ComplelMlnl 

8415--261-6667, -6668 I I I I I 
Rubber QVOI',hOIllS, Pro 25% *30% 2S% -- *30% 30% of Complement 

8430-144-1651 

Rubb.r Gloves, Pro 54 .. 63 54 , . ,. 72 63 21. 3.7 ". 27 
8415-753-6551 

Detergent, Decon., Lbs. 200 ISO 200 300 100 SO 2SO 200 700 1300 ... 100 
6850-664-2008 

D.teetor Kit, M1SA2 4 4 4 4 4 2 10 10 '" '" ,. 6 
6665-903-4766 

O.,.ctor Kit, M18A2 2 4 2 2 2 2 4 4 6 • 4 2 
6665-893-4767 

Detector Popef, M6A 1, Book • • • • • • 16 16 16 16 16 • 6665·285-6175 

Test Kit, Impr~l'IOt.d Clothing 2 S 2 S 1 1 S S • • 6 1 
6630-36B-61Q 

Knee Boots, Rubb ... , Pro 36 30 42 36 12 12 4. 42 144 258 132 ,. 
8430·147·1019 

.. "Plus oddthonal outf ... , ,f need.d, to outfIt boClt cr.ws. 

(A Ii.ting of BW/CW _dieal defen.e items can b. obtai,...d from Code 7214, Bureou of Medlcin. and Surg.ry, Navy DepartllMlnt) 

Onpter rmQ 43 

DLG J LST 

I I 
I I 

27 27 

150 100 

6 4 

2 2 

• • 
1 2 

24 ,. 

MSF 

I I 
I I 

18 

SO 

4 

0 

• 
1 

12 

MSO 

, 

, 

, 

,. 
SO 

2 

0 

4 

1 

12 
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APPENDIX C Calcium A chemical, Ca(OCI),; the standard 
Hypochlorite chemical decontaminant for BWand 

Glossary CW on shipboard. 

ABC Atomic, biological, and c~mical; CBN Chemical, biological, and radio-
applied to warfare; an obsolete term lOgical; applied to warfare or agents. 
which has been replaced by NBC. 
Also a collective term for AmeriaJ, CC2 A chemic.al containing active 
Bri tain, and Canada in refereoce to chlorine; the impregnite or active 
BW/CW items jointly standardized. material in im~!Jlated CW protective 

clothing. 
Adiabatic lapse A condition of temp?rature balance 

rate between all levels of the otmos iXtere Chemically com- A relatively thorough degree of de-
such that there is no tendency for plete Decontami- contamination such that the appro-
vertical air currents; in dry air it is nation priate chemical test foils to give a 
a decrease of 5.50 F. per 1000 feet positive test for residual cootami-
of altitude. nation. Comparable to industrial 

decontamination. 
Aerosol A sllSrensic:n of fine liquid or solid 

{XlIticles inair, the particles.being ChIcrinated AIl inert, extremely viscaus liquid 
small eoough to remain susIEnded for paraffin used inCms Z lXotective clothing 
a Significant pericxl of time. to abserb CW vapors and retain CC2 

paNder. 
A'J'nt An active toxic material, or other 

primary functional material, of bio- CK Symbol fer the CW agent cyanogen 
logical and chemical warfare; in ad- chlerlde. 
diticn toantir.ersonnel agents, it 
broodly inchrles smokes, incen- Class X Navy BW/CW 1X0tective clothing 
diaries, anticrop and antianimal which is impermeable to air and re-
materials. sistont to liquid CW agents; rub-

berized clothing; standard wet-
Air change An air volume equal to a com~- weather clothing. 

ment volume; passa~ of this 
volume of air through a compartment; Closs Y Navy BW/CW unimpregnated IXC}-
a misleading term in that, with good tective clothing which is permeable 
mixing, only 63 ~rcent of the air to air and CW vapors, but is des~ed 
originally in a compartment is re- fer complete body coverage; tem-
move:i by one air change. pororily or partially excludes BW 

and liquid CW agents. 
Atropine A drug capable of portly reversing 

some of the effects of nerve agents~ Closs Z Class Y clothing which is treated 
with CC2 .and chlorinated paraffin 

Biological warfare AIly micrCHlIganism militarily useful to neutralize CW a~nts. 
agent in causing disease in mon, plants, 

or animals; also biological agent or Collective Group lXotection against BW and 
BWA. lXotection CW; 1X0vided by the ship structure 

aM by exclusion of contaminatiCll. 
BPL Beta propiolactone, a chemical useful 

in VGlX)r-phase decontaminatiCll of BW Contaminatioo BW/CW agents alene or mixed with 
agents. air, water-, dust, dirt, or other ma-

terial which thereby becomes a BWI 
Buddy aid Gl-the-spot and immediate assistance CW hazard requiring exclUSion, de-

given by any available rerson to a contamination, or removal. 
crew member contaminated or affected CS A riot-control ex tear agentj used 
by CW a~nts; includes injectico of in aerosol fexm; not considered a 
atropine, assistance. in persoool de- CWagent. 
contamination, and artificial res-
piration. ex Phosgene oxime, a quick.-acting aoo 

intensely irritating CN agent. 
BW Biological warfare, the intentiODlI 

employment of a biological agent in 
military operaticns. 
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Otemical warfare Any nonliving substance militarily Dosage equi- The rule that the BW/CW dosage in 
agent useful in j:J'oducing death ex in- valence rule an enclosed but non-airtigl:!t SlX'ce, 

ca~itatian thraugh biochemical which is exposed to a contaminated 
action; also chemical agent or 0NA. outside atmosphere is the sarre as 

in tbeoutsideatmospbere; a limiting 
Concentration Quantity of material in a unit volume; a: ideal rule which is apiiooched 

fex airborne CW agents is given as mae ex: less closely in ~actical 
milligrams per cubic meter or the situatims. 
numerically-equivalent micrograms 
per liter; fer airborne BW agents is Dynamic test A test fex: compartment tirjltness 
given as organisms per liter; fa which ccntinuously supplies air at 
for liquid solutions, such as cCllStant rate; whena steady pres-
hypochlorite, is given as percent by sll'e is reached in the comp::lrtrrent 
weight, or in other units. o,e ~r- the leak rate is equal to the rate of 
cent concentration in water is one air supply; measurement of the supply 
ounce in 3 quarts (6 Ibs.) or six volume 000 the compcu:tment II'essure 
ounces in 18 qoorts (36 Ibs.). defines the compJI'tment tightness. 

Ct The concentration of anairlxxne BWI Enzyme A Irotein which controls or ac-
CW agent, multiplied by the length celerates a chemical reaction in a 
of expcsure in minutes: dosa~; biolcgical system; An irrlefinitely 
exposure. large number of enzymes exist; the 

cholinesterase enzyme inthe detector 
Decay Decrease in concentration of BW cr ticket causes a color-IX'ooucing 

CN agents in the air or on surfaces; reaction except in tre IXesence of a 
due to ventilation displacement of CW nerve agent; the nerve 
air, death of airborne orlJ:misms, or agent, which is an anti. 
evaporaticn of CW agents from SUl'- cholinesterase, or antl-enzyme, 
faces; often follows an exponential comp:lund, reacts with the enzyme 
course, initially last but becoming and thus preven ts the color-farming 
progressively slower. reaction. 

Decontamination In a broa:l sense, any process which Exponential A rate of increase or decrease in 
reduces IX ellminates the efleet of which the rate is at all times II'O-
BW/CW agent at a IX'rtlcular point; patioool to the size of the quantity 
in this sense it includes not only which is increasing or decreasing; 
chemical neutralization, destruction, many naturallXocesses occur at 
or sterilizeticm, but also simple exponential rates. 
removal by washdown cr evapaatian. 
In a limited sense it refers only to First Aid In the BW/CW defense system, first 
actual detoxificaticn of CW agents or aid is the first help given by l'II.dleol 
S1erilizatim of BW agents. personnel; because of the quick ac-

tion of some CW agents and of the 
Detection A process by which the apiiooch a: possibly largenurnber of casualties, 

presence of BW ICW agents Is nnde the first stelE in helping casualties 
knaNn. See also waming-detectian or contaminated personnel must be 
and id.entification-detection. ..If-aid or buddy-old. 

Detergent A soap-like cleaning and emulsliy- Gas Mask The standard military masks for 
ing SuMtance. In a txoad sense it BW ICW 1I0tecticn are gas masks; 
includes SOOIE. but canmonly refers they are not intended for protection 
ally to modern synthetic, non--soop against oxygen deficiency; the term 
detergents or surfactants which are IIprotective mask" is preferred. 
usable in either fresh water or sea 
water. G agent A highly toxic phos!Xurus compound 

Disinfection A lXocess which reooers BW agents with anticholinesterase action; GB, 
ar bacteria incapable of lIaducing GO, and GA are the common members 
infection i an inexact term which rooy of the group. 
imply something less thancomplete 
sterilization. 
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Germ A nontechnical term for a disease- elevation; it then is on inver.sirn 
prooucing microorganism. cap which blocks vertlc:ol air and 

aerosol movemeut through the cap. 
HD Mustard gas; the only common member 

of the sulfur mustard groop. MC agent A CW agent requlrlng beth .. otecUve 
mask and clothlng fa individual 

Hydrolysis The splitting of a chemical compound protection; includes all liquid CW 
by reaction with water j a major de- agents, all of which give a red 
contamination reaction; oftenac- color with the M6 detector paper. 
celeruted by acid or alkaline solu-
tions , and by the jXesence of Microbe 'The wad famed from "micro" 
hypochlorite. (small) and "bias" (life); a mle.". 

orcpnism, generally disease p'0-

Hypochlorite Designates any of the class of clueing; a pathogen. 
hypochlorite compounds; in the ship.-
board BW/CW defense system, it MiCIal 0.001 millimeter, 1125000 of an 
refers to calcium hypochlorite or inch; a human hair is of the order 
its solution in water. of 30 a 40 microns in diameter. 

Identification - A CW identificatioo process which Microorganism A very smaUliving thing, not nee-
Detection identifies the agent or type of agent essarily disease-prOOucingj a 

present; the process is stmted after microbe. 
a CW agent is known or suspected to 
be txesentj the process uses the MO agent A IOOsk-only agent; a BW/CW O<jeIlt 
M15A2/M18A2 detector kits andlor nat requlrlng .. otective elothinll for 
M8 detector Plper. adeguate individual protection; 

inclllles most BW agents and true 
lmpaetion Collision of an aerosol particle ex CW gases. 

spray droplet with an obstacle, 
followed by adherence to the M5 ointment A Vf!fIy viscolm t oll~ colaed 
obstacle. ointment containing en active-

chlorirE comp:lUnd similar to CC2; 
Incapacitating A BW cr CW agent which renders a useful in decontaminating liquid 

Agent person unfit for military duty without CW agents on the skin whenhyp-
permanent injury. Riot or tear agents chlorite solutions are not available. 
(CS or CN) incapacitate for a few 
minutes, agents which proou::e dis~ M6 Detectar The primary shipboard detector 
orientation and confusioo (BZ:) in- Paper far liquid CW agents· anoliVlHlrab 
caplcitate for a few hours, and blister paint vehicle contains a red dye 
agents (HD) incapacitate fer a few which is extractable by .liquid CW 
days or weeks; duration of effects agents; essentially unaffected by 
varies with dosage. other shipbcard liquids; same res-

pcJlSe to all liquid CW agents a 
Individual The process or means of protecting their mixtures. 

Protection an irxlividual in BW/CW; includes 
protective mask, clothing, and cloth~ M6Al Detect« !dentical withM6 paper except for 
ing accessories; contrasted with Paper size. 
collective lXotection. 

Me Detector A differential or 3-way detect« 
Industrial Decon~ Decontamination at a Naval industrial Paper paper which responds differently to 

tamination facility to render a ship safe for V, G, and H agents; variable colas 
workmen. Comp:nable to chemically IX'oduced by agent mixtures; ef,. 
complete decontamination. fective fot use with kits in identifie 

cation-<ietectian, or with M6 paper 
Inversion An inversion of the normll temp!r~ in warning-detection. 

ature gradient in the atmos~ere so 
th::n temp;:rature Incr.as .. with MISA2 Detector A CW detector kit providing tests 
height; contributes ta a highly stable Kit responsive to nerve agents, G 
atmosphere; normally begins at sea agents, H agents, CK and ex. 
or ground level, but may begin at any 
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MI8A2 Detector A CW detector kit providing same RofC Rate of change of air in a ship's 
Kit tests as MI5Al, plus tests for compartllEntj usually ex~ssed in 

arsenicals (L and ED), CG and AC. minutes per change; see AIr Dlange. 

NBC An abbreviation for nuclear, blolngl· Self Aid Perscnal decootamlnatlcn an:! ad· 
cal and chemical ministration of drugs by the perscn 

affected. 
NBCW NBC warfare. 

Semilngarithmic A plot or graph in which one axis Is 
Neutral Gradient A succession of air temperatures ruled ona logarithmic scale. 

from sea level upward such that 
there is no tendency fa the air Slurry A thick. soupy suspenslcn of a 
at any level to rise or fall: equiva- solid in a liquid. 
lent to Adiabatic Lapse Rate (which 
see). Solvent Emulsion A cleaning mixture concentrate of 

Cleaner solvents and detergents which Is 
Neutral Stability The stability, against vertical air diluted with a solvent for use; 

movement, of an atmosphere in which water-rlnslble. 
a neutral temperature gradient 
exists. Stable Steady, not easily disturbed; applied 

to an atmosphere In which the te.,. 
Operationally A degree or extent of decontamination perature decrease with altitude Is 

complete De- sufficiently thorough to allow com- equal to, or less than, a neutral 
contamination pletion of the ship's assigned task gradient. 

without undue hazards to personnel. 
Static Pressure See Pressure Test. 

PAM A drug which, If administered be· Test 
fere exposure to a nerve aqent, in-
creases the effectiveness of atr~ Syrette A semiautomatic device fa atropine 
pine. injectims. 

Physical Defense The use of physical, mechanical, Test Kit M2 A kit for testing the CC2 content of 
a chemical means, devices a }XOC- Navy Class·Z imprsgnated clothing. 
esses of decontamination, detec-
tion, and persamel I<ctectlon In Tlcket A specialized item used in the 
BW/CW; .lncludes all types of 1<0- enzyme test far nerve agents; con-
tectlon an:! defense except medical slsts of anenzyme-impregnated 
ones. disc of paper in a plastic holder; 

found in the MISAI and MI8A2 
Pathogen A disease-praducing microorganism; detecta kits. 

microbe. 
Turbulence Mixing of a gas or liquid by random 

Pressure Test A standard Navy test for tlghlnell8. movements a eddies; applied to 
In which authorized compartments mixing of the atmosphere due to 
are I<essurlzed to a specilled wind cr thermallnstobility. 
value, and the time measured fa 
the I<essure to drop to a lower Unstable Unstea.dy; easily disturbed; applied 
value. to an atmosphere in which the te.,. 

perature decrease with altitude Is 
Prctectlve I4ask A military gas mask; the standard greater than a neutral gradient; i.e., 

shipboard I<ctectlve mask Is the a super-odiahatlc lapee rate pre-
Mk V; It Is designed fa proIectioo valls. 
against all known BW/cw agents. 

Vapor Phase BW decontamination In which the 
Radialogical Warfare cooducted by, and with the Decontamination decontaminant is vaporized, by heat 

Warfare I<imary oojectlve ai, the deliberate or spraying, and moves as a vapor to 
and widesl<ead distrlbutlcn of high- all compartment surfaces; commCl1 
Iy radioactive materfals; not to be vapor phase decontamlnonts are BPL 
confused with nuclear warfare, or formalin (fonnaldehyde). 
which distributes radioactive mao 
terlals as fallout, but ooly in· Vector An insect which transmits microbes 
cidentally to nuclear explosions. to man. 
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Vesicant 

Warning-Detection 

Washdown 

Water-Emulsion 
Cleaner 

Wet Weather 
Clothing 

Chapter '!no 

A blister-produclng chemical. such 
as HD; in",rrectly used in descrIb­
ing M6 paper because it was assumed 
at ooe time that M3 paper would 
respood only to blister agents. 

A CW identification process which 
identifies the agent or type of agent 
present; the process ocaus .IMul· 
taneously with the arrival of the 
agent on the ship; M6 and Me papers 
are the detectors used. Early· 
warning or advance-warning detec­
tors do not yet exist for shipboard 
use. 
The process or system by which the 
weather surfaces of Q ship can be 
continuously SlX'ayed with sea water 
through piping and spray heads 
connected to the ship's fire mains; 
used pre-<Ittack for N Be protecticn I 
post-attack for NBC decontamlna­
tioo, and at low pressure fa per­
sonnel cooling. 

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

Standard Navy gannents designed 
for complete protectioo from rain 
and spray; adopted for NBC pr0-

tection; Is coaled and protected 
from cootamlnation by frequent sea­
water spray; Class X clothing. 
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APPENDIX D - BIBLIOGRAPHY 
1. "Cleaning Fuel Tanks and Bilge by Ballast," 

BUSHIPS J ... nal; July, 1959, Poge 24. Use 01 sol­
vent-emulsifier compound fer removing ally deposits. 

2. "Handbook -Preservation of NavalA1rcraft." NAV­
WEPS 15-0l-500; June I, 1960. No discussien 01 
BW/CW decontamlnotion, but sets Itrth some principles 
within which decontaminatioo ~ccedures must oper­
ate. 

3. "Handbook -Aircraft Maintenance Cleaning," 
NAVAER OHA-500; Dec. 1. 1959. Full details en 
cleaning aircraft of oily and greasy mat .. lals (of 
which CW liquids can be r"9l'ded as a special type). 

4. "Manual of the Bureau of Supplies and AccwrtS," 
Vol. Ill, 37790-92; Vol. PI, 47156-58; Vol. VJlI, 
82650-52. Discusses NBC problems in relatloo to 
t~ general mess. 

5. "Ship's Serviceman Laundry Handbook," NA VPERS 
1029IA; 1962. Discusses preparation of hypochlorite 
liquid bleach fer laundry use. 

6. "Passive Delense Against Atomic, Biological arxl 
Chemical Warfare," Bureau 01 Supplies and Accounts 
Instruction 3300.6. Discusses laundry decootamina­
tion of clothing. 

7. "Handbook -Radiological Recovery 01 Aircralt," 
NAV AER OHM1J8; Sept. I, 1958. Gives general 
recovery infcrmtion and tactical and industrial 
countermeasures fa: nuclear cCIltaminatioo. Much is 
applicable to BW/CW decentamination. 

8. "Instructions ler the lnstallatien 01 the Interim Wash­
down System," NAVSHIPS 25D-548-2; Nov. I, 1956; 
plus addendum of Dec. 5, 1958. Discusses title sub­
ject. 

9. "General Specilicatioos ler Ships 01 the United States 
Navy" 
Q. "Damage Cootrol features -Surfcx::e Ships," 

S38-1 .. 
h. "Personnel Decontamination Stations," 936()"1-b 
c, "Compartment Testing." 9290-8 
d. "Fresh Water Service Systems, DisinfecUcn," 

548-4-1 
e. "General Requirements for Hull Structure, 911(}{1 

10. "Handbook of Cleaning Practlces," NAVSHIPS 250-
342-1; June 1957. Full details on cleaning shipboard 
surfaces of oily aM. greasy materials (of which CW 
liquids canbe regarded as a special type) 

11. Navy Standard Type Plan. Vaneaxlal Fans, S3801-
921784. Includes fan characteristic curves. 

12. Navy Standard Type Plan, Tubeaxial Fans, S3801-
925338. Includes fan characteristic curves. 

13. Navy Standard Type PIon, Centrilugal Fans, S3BOl-
921785. Includes fan characteristic curves. 

14. "Chemical Materials for Naval Weapons Systems 
Mlintencm::e and Overhaul operations," NAVWEPS 
07-1-503; Nov. 18, 1963. Discusses materials, usage, 
composition, hazards; a large wall coort. 

15. "Instructions lor ND-MK V Gas Mask, " BUSHIPS 
Code 638 Memo, 4pp. unchted. Provides complete 
instructions. 
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16. "Hypochlcdte Handling," Bu .. u of Ship. Journal; 
Jan. 1962, Page 21. Discusses hazards in Incarect 
use 01 calcium hypochktlte. 

17. "Ventllatlag, Heating and Air Conditioning EquIp­
DOnt," NA VSHIPS 33&0004; Sept. I, 1945. ProvIdes 
fan characteristic C\l'ves. 

18. "Atomic, Biological and Chemical Warfare Packet 
Relererre," NAVPERS m8; Jan. 1960. 

19. "DIsaster Contral Afloat andAsbcre," NAVPERS 
108994A; 1964. 

20. "Medical Material Program la Delense Against 
Biological and Chanlcal Agents, Phase 1", Bureau 
01 MedicIne and Surgery Instructien 6710.50. IlIscua­
ses dlstrlbutlen 01 atropine and antlblotlcs la CW and 
BW. 

21. "Defense against CbemiCXII Agents", Chapter 14, 
Handbook 01 the Hospital Ccrps, U.S. Navy. 

22. "Biologlc Warfare Delense," ClJJpter 15, Handbook 
01 the H",pltal Caps, U.S. Navy. 
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