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CHAPTER 1

Chemical Agents

The field behavior of chemical agents is
dependent on weather variables such as wind,
temperature, air stability, humidity, and
precipitation. The influence of each variable
depends upon the synoptic situation and is locally
influenced by topography, vegetation, and soll.

~Chemical agents may appear in the field in
different forms: vapors, aerosols, or liquids. To

understand the impact of chemical agents on the
battlefield, the soldier must also understand how
these agents are affected by weather and terrain.
The following paragraphs give an overview of the
basic characteristics of chemical agents and how
weather and terrain influence and have specific
effects on them.

Basic Characteristics

Vapors and small particles are carried by the
winds, while any large particles and liquid drops
fall out in a ballistic-like trajectory and are quickl
deposited on the ground. Many agents give off
vapors that form vapor clouds. The speed at which
an agent gives oft vapors is called volatility.
Ag?ents may be removed naturally from the air by
falling out (large particles fall out much more
quickly), by sticklng to the ground or vegetation, or
by being removed by precipitation. Once deposited
upon vegetation or other ground cover, volatile
agents may be re-released to the atmosphere for
further cycles of travel and present a hazard until
sufficiently diluted or decontaminated.

During approximately the first 30 seconds, the
size and travel of an agent are determined
primarily by the functioning characteristic of the
munition or delivery system. Thereafter, the travel
and diffusion of the agent cloud are determined
E_rlmarlly by weather and terrain. For example, in

igh temperatures, volatile agents produce
maximum agent vapor in 15 seconds. Light winds
and low turbulence allow high local
concentrations of agents. High winds and strong
turbulence reduce the concentration and increase
the area coverage by more quickly carrying away
and diffusing the agent cloud.

Vapors

When a chemical agent is disseminated as a
vapor from a bursting munition, initially the cloud

expands, grows cooler and heavier, and tends to
retain its form. The height to which the cloud rises,
due to its bquancy, Is called the height of the
thermally stabilized cloud. If the vapor density of
the released agent is less than the vapor density of
air, the cloud rises guite rapidly, mixes with the
surrounding air, and dilutes rapidly. If the agent
forms a dense gas (the vapor density of the
released agent is greater than the vapor density of
air), the cloud flattens, sinks, and flows over the
earth’s surface. Generally, cloud growth during
the first 30 seconds is more dependent upon the
munition or delivery system than upon
surroundin% meteorological conditions.

Nevertheless, the height to which the cloud
eventually rises depends upon air temperature and
turbulence. These determine how much cooler,
ambient air is pulled into the hot cloud (and, hence,
determines its rate of cooling). The agent
concentration buildup is influenced by both the
amount and speed of agent release and by existing
meteorological conditions.

Shortly after release, the agent cloud assumes
the temperature of the surrounding air and moves
in the direction and at the speed of the surrounding
air. The chemical cloud is subjected to turbulence
forces of the air, which tend to stretch it, tear it
apart, and dilute it. The heavier the agent, the
longer the cloud retains its integrity. Under
conditions of low turbulence, the chemical agent
cloud travels great distances with little decrease in
agent vapor concentration. As turbulence
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increases, the agent cloud dilutes or dissipates
faster.

Aerosols

Aerosols are finely divided liquid and/or solid
substances suspended in the atmosphere.
Sometimes dissolved gases are also present in the
liquids in the aerosols. Chemical agent aerosol
clouds can be generated by thermal munitions and
aerosol spray devices or as by-products of liquid
spray devices and bursting munitions.

Airborne aerosols behave in much the same
manner as vaporized agents. Initially, aerosol
clouds formed from thermal generators have a
higher temperature than clouds formed from other
types of munitions. This may cause some initial
rise of the cloud at the release point. Aerosol-
generated clouds are heavier than vapor clouds,
and they tend to retain their forms and settle back
to earth. Being heavier than vapor clouds, they are
influenced less by turbulence. However, as the
clouds travel downwind, gravity settles out the
larger, heavier particles. Many particles stick to
leaves and other vegetative surfaces they contact.

Liquids

When a chemical agent is used for its liquid
effect, evaporation causes the agent to form into
vapor. Depending upon volatility, vapor clouds are
usually of low concentration, have about the same
temperature as the surrounding air, and tend to
stay near the surface because of high vapor
density. Additionally, vapor density governs the
extent that the vapor will mix with the air. Liquid
agents with high vapor density impact at ground
level with very little evaporation of the agent.
These agents are termed persistent agents. While
drops are airborne, and after impacting, the liquid
continues to evaporate. Agent vapor pressure will
govern the rate at which the Iigwd will evaporate
at a given temperature and pressure. Initial
concentrations are lower, since the vapor source is
not instantaneous as a vapor agent is but evolves
over a long period (until the liquid source is gone).
Liquid agents may be absorbed (soaked Into a
surface) and adsorbed (adhered to a surface), and
they may also evaporate. Once the liquid is no
Ionger present on the surface, desorption (going
back into the air) begins. The vapor concentration
over areas contaminated with a liquid agent tends
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to be less than with newly formed vapor clouds,
and downwind agent concentrations are not
nearly as great as with other types of agents.

Atmospheric Stability

One of the key factors in using chemical
weapons is the determination of the atmospheric
stability condition that will exist at the time of
attack. This determination can be made from a
meteorological report or by observing field
conditions.

When a meteorological report is available, it
should contain a description of the current or
projected atmospheric stability condition. If the
data given are based on an atmospheric
description, Figure 1-1 may be used to convert the
data into traditional atmospheric stability
categories/conditions. When meteorological
reports are not readily available, the stability
condition can be derived-by Hcinj_ﬂue_sta.hililty
decision tree shown in[Figure 1-2{|Figure 1-2[is
entered at the top with the current observed
weather conditions (or estimated weather
conditions). Follow the decision tree to determine
the stability condition. The stability condition
plus the wind speed indicates the dispersion
category of an agent vapor cloud.

DISPERSION | ATMOSPHERIC TRADITIONAL
CATEGORY DESCRIPTION ATMOSPHERIC
CONDITIONS

1 Very Unstable Lapse

2 Unstable Lapse

3 Slightly Unstable Neutral

4 Neutrai Neutral

5 Slightly Stable Neutral

6 Stable Inversion

7 Extremely Stable Inversion

Figure 1-1. Atmospheric stability categories and
conditions. :

Unstable conditions will cause lower
concentrations and/or poorer target coverage.
Stable conditions will cause greater ity
and higher concentrations. Use Figure 1-2|as
guidance for employing an agent by starting in the
upper left corner at the word START. Follow the
arrowed line to the first question. Answer the
guestion “Is it nighttime?” by selecting, In
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START

CONDITIONS............... DETERMINE THE CATEGORY
CHECK WIND SPEED

YES SKY YES
NIGHTTIME? OVERCAST? 4 pr————- KMPH | KNOTS| CAT
<5|] < 5 6
NO NO 6-9 4-5 5
SKY \ YES 210 > 6 4
MORE THAN
HALF CLOUDY?
NG KMPH |KNOTS| CAT
1 | cawm 7
SKY IS CLEAR <
OR LESS THAN 2-9 1-5 6
HALF CLOUDY 1017 6.9 5
, >18 | >10 4
COASTAL WIND MAINLY 4
SITE? FROM THE SEA? KMPH | KNOTS] CAT
<17 0-9 3
218 | 210 4
KMPH |KNOTS| cAT
< 7 < 4
] 8-18 | 4-10 3
YE
WITHIN 1 HOUR e > 4 29| =211] 4
BEFORE SUNSET?
SKY CLEAR & KMPH | KNOTS| CAT
WIND CALM YES
WITHIN 1 HOUR OR LIGHT 6 S 4 2 1
AFTER SUNRISE? (1-5 KNOTS)? 5-13 3-7 2
14-20 | 8-11 3
> 4 221|212 a
sk \'ES
OVERCAST?
KMPH | KNOTS| CAT
| NO <s|<s| 1
YES
SELECT cooL 5°C 10-18 6-10 2
YES
WEATHER |WARM 5-24°C [==s 19-28 1 1015 ] 3
TYPE SUMMER > > 4
HOT 24°C =29 ) =16
ONLY

Figure 1-2. Stability decision tree.
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accordance with the facts, the yes or no arrow
indicating your decision. At each branch in the
arrows, follow the arrow most nearl?/ correct for
the conditions under which the stability category
is required. As questions are encountered along
your path, answer each and proceed along the
most nearly correct path until a di ion
category is identified. The result from[Figure 1-2|is
he stability category. An example of the use of
is if you are inland one hour before
sunset and the winds are calm, the stability
category is neutral (N) (categorx 4).
he dispersion category, the wind speed in
knots, and the wind direction are the most
important meteorological data for deciding the
influence of weather on vapor cloud dispersion.
For any given dispersion category, a lower wind
speed will produce higher dosages, smaller area
coverage, and, consequently, higher toxic effects.
This is because when the wind speed is lower, the
cloud moves more slowly past the individual in the
target area; and the individual is in the cloud

longer, yielding a higher dose of the agent. See
| Tabie 1-1{for the dispersion categories and wind
speeds during which atmospheric conditions are
either generally favorable, marginal, or
unfavorable for employment of chemical agents.
Factors such as agent toxicity, target
vulnerability, and the amount of the agent
released will determine the actual doses,
casualties, and other effects. Elevated agent
releases will alter the table results somewhat, but
the same trends occur. The main effect to be
considered for elevated release effectiveness over a
specific target is that the agent must be released
further upwind to compensate for the drift as the
agent comes down.

Table 1-1 is a general reference tool to provide
an estimate, based on dispersion category and
wind speed, when it would generally be-ma
ctive to employ a chemical agent vapor

indicates the typical cloud widths at given
downwind distances from a point source release
for a chemical agent vapor cloud. Note that the
cloud width depends upon dispersion category and
not directly upon wind speed. The cloud width
distances represented in Table 1-2are the dosage
contours for 0.01 milligram-minutes per cubic
meter (mg-min\M3). If the agent is released from a
line source (spray system?], the line length should
be added to the cloud width ((Table 1-2) to determine
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total cloud width for travel distances UP tol
kilometer. For longer travel distances, the length
of the line source loses its importance (due to
dissipation), and the total cloud width is
represented by the values in|T -2 The
chemical cloud widths listed in[Table 1-2jare
estimates. The widths will vary depending on the
weather and terrain of a specific area.

The followin examfles are cited to explain
further the use of Table 1-2. Based on a chemical
agent vapor being released from a point source in
dispersion category 4, the chemical cloud width at
7 kilometers downwind would be af)prommately
2.3 kilometers. Based on a chemical agent vapor
being released from a line source that is 0.1
kilometer in length (dispersion category 2), the
chemical cloud width at a 0.5 kilometer downwind
disf be .850 kilometer (0.75+0.1).

Table 1-3|presents the relative center line
dosages (mg-min/M3) at different distances

downwind for different dispersion categories and
wind speeds. Remember, low wind speeds at the
same dispersion category give higher dosages. The
dosages listed in| Table 1-3|are estimates and will
vary depending on the estimated category and
yind speed in the target area. The dosage values in
Table 1-3 are based on 100 kilograms of the
nonpersistent nerve agent (GB) being released at
ground level from a point source.

The information reflected in[Table 1-3]is the
dosage that would be incurred if the target were
stationary. The dosage would decrease if the target
were moving through the downwind cloud hazard
area. Additionally, in general, if the source
strength (100 kg) were doubled, the dosage would
also double, and if the source strength were halved,
the dosage would also decrease approximately
one-half.

To aid in using|Table 1-3) the followin
example is provided. With dispersion category 4,
wind speed 8 knots, and a downwind distance of 2
kilometers, the center line dosage would be 18.91
mg-min/M3. With dispersion category 2, wind
speed 3 knots, and at a downwind distance of 4
kilometers, the center line dosage would be 1.030
mg-min\M3,

Vapor Concentration and Diffusion

Agent concentration is governed by the
volume of the agent cloud. Since clouds
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Table 1-1. Relative effectiveness of vapor agent usage for different wind speeds and dispersion categories.

WIND SPEED IN KNOTS
172111213 |4 5|6 (789 1011213141516

s 1
T—
A ”~
B ° LESS FAVORABLE
'TING
L 3
I
T — MARGINAL
Y 4
C ] \ \
A

5
T
E — MORE FAVORABLE
G <3
o ©
R—1
Y 7

NG \
Table 1-2. Chemical cloud width.
DOWNWIND DISTANCE IN KM
.5 1 2 3 4 5 6 7 8 9 10 | 20| 30

s 119 [16[28[39]50]60[69]78|86][94]10.2[15.4[19.0
T
:2 75113 [24[32|41] 48]|54]60|66]|73] 7.8[129]16.4
I
';3 5 9 |17]|24| 31| 37|42147|52|57|6.2|97]128
T
Ya 3 5 9 |12|15]18|21]|23|26|28|31]49]|64
C
A
'T's 2 3 5| .7|10]10[|11]13|14|15]|16]| 26| 3.3
E |
G
66123345.566771114
R |
Y 5 | VERY LITTLE INCREASE IN CLOUD WIDTH WITH DOWNWIND DISTANCE
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Table 1-3. Center line dosages at different distances downwind for different dispersion
categories and wind speeds for a unit source.

DOWNWIND DISTANCE IN KM
Wind
Speed 5 1 2 4 6 10 20 30
DOSAGES (mg-min/M?3)
1 57.82 10.960 2.4820 1.2070 .8048 48290 24140 16100
1 3 19.15 3.628 8224 .3998 .2665 15990 07995 05330
5 11.47 2.174 .4928 .2396 .1697 09582 04791 03194
S
T 3 65.93 16.480 4.121 1.0300 .4671 22840 11360 07575
A 2 6 32.86 8.215 2.054 .56135 .2328 11380 05663 03775
8 10 19.75 4.938 1.235 .3087 .1400 06843 03404 02269
i
1
L 3 172.60 46.26 12.400 3.321 1.6370 5825 18010 11510
1 3 7 73.86 19.79 5.302 1.421 .6576 2492 07703 04925
T 12 43.09 11.65 3.094 .829 .3837 1454 04494 02874
Y
3 572.4 170.20 50.58C 15.040 7.388 3.0260 8987 44450
4 8 213.9 63.61 18.910 5.622 2.765 1.1310 3363 .16620
P 16 107.1 31.84 9.467 2.814 1.384 5662 1683 08318
A
T 2 1.837.0 606.0 199.90 65.94 34.470 16.220 5.021 2.6250
£ 5 5 736.2 242.9 80.12 26.43 13.810 6.101 2.012 1.0820
G 9 408.7 134.8 44.47 14.67 7.668 3.387 1.117 .5839
(0]
R 1 10.080.0 3,691.0 1,351.0 494.50 274.70 131.00 47.930 26.630
Y 6 3 3,339.0 1.222.0 447.4 163.80 90.96 43.37 15.870 8.818
5 2,001.0 732.4 268.1 28.12 54.51 25.99 9.56120 5.284
7 HIGHER DOSAGES THAN ABOVE

continually expand, agent concentration levels
decrease over time. Wind speed determines the
downwind growth of the cloud. Vertical and
horizontal turbulence determines the height and
width of the cloud. The rate at which the
downwind, vertical, and horizontal components
expand governs the cloud volume and the agent
concentration.

To be effective the agent cloud, at a specific
concentration level, must remain in the target area
for a definite period. Wind in the target area mixes
the agent and distributes it over the target after
release. For ground targets, high concentrations
and good coverage can best be achieved with low
turbulence and calm winds when the agent is
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delivered directly on target. A steady, predictable
wind drift over the target is best when the agent is
delivered on the upwind side of the target.
Conditions other than these tend to produce lower
concentrations and/or poorer target coverage.
However, unless weather conditions are known
within the target area, the effects of the agent on
target will be approximations.

The concentration and diffusion of a chemical
agent cloud are also influenced by the factors of
hydrolysis, absorption, adsorption, lateral spread,
drag effect, and vertical rise.

Hydrolysis is the process of the agent reacting
with water vapor in the air. It does not influence
most agent clouds in tactical use because the rate



of hydrolysis is too slow. However, hydrolysis can
be important for smoke screens. See the discussion
of the effect of humidi Increasing smoke
screen effectiveness in[Chapter 2.
Absorption is the process of the agent bein
taken into the vegetation, skin, soil, or material.
Adsorption is the adding of a thin layer of agent to
vegetation or other surfaces. This is important in
dense vegetation. Both absorption and adsorption
of chemical agents may kill vegetation, thus
defoliating the area of employment.

_When a chemical cloud is released into the air,
shifting air currents and horizontal turbulence
blow it from side to side. The side-to-side motion of
the air is called meandering. While the agent cloud
meanders, it also spreads laterally. Lateral
sEreading is called lateral diffusion. Figure 1-3
shows a cloud with lateral spread and
meandering.|Table 1-2|indicates the amount of
lateral spread that occurs under different
dispersion categories and distances downwind. In
more unstable conditions, the lateral spread tends
to be greater than in stable conditions.

Wind currents carry chemical clouds along the
ground with a rolling motion. This is caused by the

SHIFTING AIR CURRENTS
AND MECHANICAL TURBULENCE

s

FM 3-6

differences in wind velocity. Wind speeds increase
rapidly from near zero at the ground to higher
speeds at higher elevations above the ground. The
rag effect by the ground, together with the
interference of vegetation and other ground
objects, causes the base of an agent cloud to be
retarded as the cloud stretches out in length. When
clouds are released on the ground, the draﬂ
amounts to about 10 percent of the vertical growt
over distance traveled over grass, plowed land, or
water. It amounts to about 20 percent over gently
rolling terrain covered with bushes, growing
crops, or small patches of scattered timber. In
heavy woods, the drag effect is greatly increased.

he vertical spread of the cloud is illustrated in

Wind speeds can vary at different heights. The
wind direction can also change with an increase in
height. This is known as wind shear. Because of
wind shear, a puff (or chemical cloud) may become
stretched in the downwind direction and may
travel in a direction different from that of the
surface wind. Additionally, a chemical cloud
released in the air may be carried along faster than
it can diffuse downward. As a result, air near the

Figure 1-3. Lateral spread of a chemical cloud with some meandering.
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DIFFERENT WIND
VELOCITIES

Figure 1-4. Vertical spread of a chemical cloud with drag effect.

‘Figure 1-5. Horizontal and vertical spread of a cloud puff.




ground on the forward edge of the cloud may be
uncontaminated, while the air a few feet up may be
heavily contaminated. This layering effect
becomes more pronounced and increases
proportionatelly with the distance of the forward
edge of the cloud from the source.
illustrates this. A small puff of agent cloud
released from its source some time earlier has tilted
forward, while the bottom has been retarded due to
slower winds caused by drag.

The vertical rise of a chemical cloud depends
upon weather variables, such as temperature
gradient, wind speed, and turbulence, and the

Vapors and

Wind, temperature, humidity, precipitation,
terrain contours, and surface cover influence the
field behavior of vapors and aerosols. For
example, in a chemical attack on US forces (Ist
Division) 26 Februaq/ 1918 in the Ansauville
section, extremely stable conditions, calm winds,
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difference between the densities of the clouds and
the surrounding air. As mentioned earlier, the
temperature of both the cloud and the air
influences their relative densities. Hotter giases are
less dense and, therefore, lighter than cooler gases
and air. Therefore, they rise until they are mixed
and somewhat diluted and attain the same
temperature and approximately the same density
as surrounding air.

The vapor cloud formed by an agent normally
employed for persistent effect rises in a similar
manner, but vapor concentrations build up more
gradually.

Aerosols

and heavy underbrush in the target area
contributed to the overall effectiveness of a
chemical attack. Several additional casualties
resulted due to the increased chemical agent
persistency caused by the favorable weather
conditions. Favorable and unfavorable weather

Table 1-4. Summary of favorable and unfavorable weather and terrain conditions for tactical
employment of chemical agent vapor or aerosol. (The stability condition listed for the
south slope is for the northern hemisphere; due to solar loading on the slope, the
situation would be reversed for the southern hemisphere.)

Precipitation | Any.

Cloud Cover | Broken, low clouds during

daytime. Broken, middle cloud
during daytime. Overcast or
broken, high clouds during

daytime. Scattered clouds of

all types during daytime.
Clouds of vertical development.

Terrain Hilltops, mountain crests. South

slopes* during daytime.

Vegetation* Heavily wooded or junagle.

*Cloud dissemination occurs above the canopy.

MODERATELY
E

FACTOR UNFAVORABLE FAVORABLE FAVORABL
Wind Artillery employment if speed is | Steady, 5 to 7 knots, or land | Steady, less than 5 knots, or

more than 7 knots. Aerial breeze. sea breeze.

bombs if speed is

more than 10 knots.
Dispersion Unstable (lapse). Neutral. (Stable) inversion.
Category
Temperature | Less than 4.4°C. 4.4° to 21.1°C. More than 21.1°C.

Transitional.

Thick, low overcast. Thick,

davtime. Broken, middle cloude I middle avercast

Gently rolling terrain. North
slopes at night.

Medium dense.

None.

Broken, low clouds at night.
Broken, middle clouds at night.
Overcast or broken, high clouds
at night. Scattered clouds of
all types at night. Clear sky

at night.
Even terrain or open water.

Sparse or none.
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and terrain conditions for tactical employment of
a chemical aerosol or vapor cloud are summarized
in Table 1-4.

If a chemical cloud is to be placed directly on
an occupied area, the best possible weather
conditions are calm winds with a strong, stable
temperature gradient. Under these conditions, the
cloud diffuses over the target with minimum
dilution and does not move away. Such conditions
are most apt to occur on a calm, clear night. If a
small amount of air movement is required to
spread the cloud evenly over the target area, a low
wind speed and stable or neutral conditions are
most favorable. These conditions most often occur
on a clear night, a cloudy night, or a cloudy day.

When the desired effect is for the chemical
cloud to travel, the most favorable conditions are
stable or neutral conditions with a low to medium
wind speed of 3 to 7 knots. These conditions may be
present on a clear night, a cloudy night, or a cloud
day. The presence of low to medium wind speeds
keeps the cloud traveling over the area without too
much diffusion, and the stable or neutral
conditions keep the agent concentration high and
the cloud close to the ground.

Favorable terrain conditions for a chemical
cloud are smooth or gently rolling contours or
wooded areas. Unfavorable conditions for
chemical clouds (usually found on clear daysz) are
extreme or marked turbulence, wind speeds above
10 knots, an unstable dispersion category, rain,
and rough terrain.

Wind

High wind speeds cause rapid dispersion of
vapors or aerosols, thereby decreasing effective
coverage of the tar%et area and time of exposure to
the agent. In high winds, larger quantities of
munitions are required to ensure effective
concentrations. Agent clouds are most effective
when wind speeds are less than 4 knots and steady
in direction. The clouds move with the prevailing
wind as altered by terrain and vegetation. Steady,
low wind speeds of 3 to 7 knots enhance area
coverage unless an unstable condition exists. With
high winds, chemical agents cannot be
econo oyed to achieve casu?lties.d The
ect of win

chart ai Figure 1-2 m?mates the eff
stability categories. | Tables 1-1,/1-2, and [1-3
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indicate the effects of wind and dispersion

categories upon gosage and agea c%lvera e.
nstable conditions, ag indicate inH_Fiure 1-2
and| Tables 1-1[ 1-2| and[1-3, are the least Tavorable
conditions. Unstable conditions (such as many
rising and falling air currents and great
turbulence) quickly disperse chemical agents.
Unstable is the least favorable condition for
chemical agent use because it results in a lower
concentration, thereby reducing the area affected
by the agent. Many more munitions are required to
attain the commander’s objectives under unstable
conditions than under stable or neutral conditions.
Stable conditions (such as low wind speeds
and slight turbulen_ce? produce the highest
concentrations. Chemical agents remain near the
grc_)und_an_d may travel for long distances before
eing dissipated. Stable conditions encourage the
agent cloud to remain intact, thus allowing it to
cover extremely large areas without diffusion.
However, the direction and extent of cloud travel
under stable conditions are not predictable if there
are no dependable local wind data. A very stable
condition is the most favorable condition for
achieving a high concentration from a chemical
cloud being dispersed.

Neutral conditions are moderately favorable.
With low wind speed and smooth terrain, large
areas may be eftectively covered. The neutral
condition occurs at dawn and sunset and generally
is the most predictable. For this reason, a neutral
dispersion category is often best from a military
standpoint.

Temperature

_ There will be increased vaporization with
higher temperatures. Also, the rate of evaporation
of any remaining liquid agent from an exploding
munition can vary with temperature. Generally,
the rate of evaporation increases as the
temperature increases. See FM 3-9/AFR 355-7 for
specific information on chemical agents, such as
their boiling and freezing points and vapor
density.

Humidity

Humidity is the measure of the water vapor
content of the air. Hydrolysis is a process in which
compounds react with water resulting in a
chemical change. Chemical agents with high



h¥drolysis rates are less effective under conditions
of high humidity.

Humidity has little effect on most chemical
agent clouds. Some agents (phos?ene and lewisite)
hydrolyze quite readily. Hydrolysis causes these
chemical aﬁents to break down and change their
chemical characteristics. If the relative humidity
exceeds 70 percent, phosgene and lewisite can not
be employed effectively except for a surprise time-
on-target (TOT) attack because of rapid
hydrolysis. Lewisite hydrolysis by-products are
not dangerous to the skin; however, they are toxic
if taken Internally because of the arsenic content.
Riot control agent CS (see w‘] lossary) also
hydrolyzes, although slowly, in high humidities.
High humidity combined with high temperatures
may increase the effectiveness of some agents
because of body perspiration that will absorb the
agents and allow for better transfer.

Precipitation

The overall effect of precipitation is
unfavorable because it is extremely effective in
washing chemical vapors and aerosols from the
air, vegetation, and material. Weather forecasts or
observations indicating the presence of or
potential for precipitation present an unfavorable
environment for employment of chemical agents.

Terrain Contours

Terrain contours influence the flow of
chemical clouds the same as they influence
airflow. Chemical clouds tend to flow over low
rolling terrain and down valleys and settle in
hollows and depressions and on low ground. Local
winds coming down valleys at night or up valleys
during the day may deflect the cloud or reverse its
flow. On the other hand, they may produce
conditions favorable for chemical cloud travel
when general area forecasts predict a calm.

A chemical cloud released in a narrow valle
subjected to a mountain breeze retains a hig
concentration of agent as it flows down the valley.
This is because of minimal lateral spread. Hence,
high dosages are obtained in narrow valleys or
depressions. High dosages are difficult to obtain
on crests or the sides of ridges or hills. After a
heavy rain, the formation of local mountain or
valley winds is sharply reduced. In areas of
adjacent land and water, daytime breezes from the
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water and nighttime breezes from the land control
chemical cloud travel.

Surface Cover

Ground covered with tall grass or brush
retards flow. Obstacles, such as buildings or trees,
set up eddies that tend to break up the cloud and
cause it to dissipate more rapidly. However, street
canyons or spaces between buildings may have
pockets of high concentrations. Flat country

(during a neutral or inversion condition) or_open
water promotes an even, steady cloud flow.|Figure

[1-5]illustrates the horizontal and vertical spreadof

a cloud over flat country.

The amount and type of vegetation in the area
of the chemical operation also influence the travel
of a chemical cloud. Vegetation, as it relates to
meteorology or diffusion, is called vegetative
canopy or just canopy. The effects of canopies are
considered below.

Woods are considered to be trees in full leaf
(coniferous or deciduous forests). The term
“heavily wooded canop¥" denotes jungles or
forests with canopies of sufficient density to shade
more than 90 percent of the ground surface
beneath. For chemical operations, areas
containing scattered trees or clumps of bushes are
considered to be (ﬁ)en terrain although drag is
somewhat increased. In wooded areas where trees
are not in full leaf or where foliage has been
destroyed by previous attack so that sunlight
strikes the ground, the diffusion (stability)
cate%ry will be similar to those in the open.

hen bombs are dropped into a wooded area,
some may be eXf)ected to burst in the treetops.
Although the released aerosol and vapor settle
toward the ground, some of the agent is lost,
dependln% upon the thickness and height of the
foliage. The initial burst and pancake areas of
chemical clouds released within woods or jungles
are smaller than those released in the open.
However, concentrations within the initial clouds
are higher in wooded areas, sometimes three times
that of bursts in the open. The magnitude of
concentration from ground bursts depends upon
the density of undergrowth and trees.

Generallg, when conditions in the open are
most favorable for the use of chemical agents,
conditions also are favorable in heavily wooded
areas if dispersion occurs below the canopy. Low
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wind speeds under the canopies spread agent
clouds slowly in a downwind and downslope
direction. Areas of dense vegetation also increase
the potential surface area for the deposition of
chemical agents. If there are gullies and stream
beds within the woods, clouds tend to follow these
features. This flow may be halted or diverted by
upslope winds.

Vegetation absorbs some agents. However, for
an attack against troops poorly trained in NBC

defense (where lethal dosages may be obtained in
30 seconds or less), the amount of agent absorbed
by foliage will have little or no effect on the success
of the attack. High concentrations of chemical
agents may destroy vegetation, since the leaves
absorb some of the agent. In some instances, the
absorbed agent may be released or desorbed when
the vegetation is disturbed or crushed, creating a
secondary toxic hazard.

Liquids

Weather, terrain contours, vegetation, soil,
and some other surfaces affect the rate of
evaporation. That, in turn, influences the
persistence of a chemical agent liquid and the
concentration of the vapor. Most weather
conditions do not affect the quantity of munitions
needed for an_effective initial liquid
contamination| Table 1-§ summarizes favorable
and unfavorable weather and terrain conditions
for the employment of a liquid chemical agent.

When a liquid agent is used to cause casualties
through contact with the liquid in crossing or
occupying the area, its duration of effectiveness is
ghreatest when the soil temperature is just above
the agent’s freezing point. This limits the rate of
evaporation of the liquid. Other favorable
conditions are low wind speed, wooded areas, and
no rain.

_ Conversely, unfavorable conditions are high

soil temperature, high wind speed, bare terrain,
and heavy rain.
~ Favorable and unfavorable conditions for
liquid agents for vapor concentration effects are
much the same as those for chemical clouds. In
woods, however, a high temﬂerature with only a
very light wind gives the highest vapor
concentrations.

Weather

Duration of the effectiveness of initial liquid
contamination may be affected by wind speed;
stability, mixing height, and temperature; and
precipitation.

Wind Speed

Wind direction is important in determining
the upwind side of a target for release purposes but
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has little impact on the duration of effectiveness,
regardless of the method of release The vapor
created by evaporation of the liquid agent,
however, moves with the wind. Therefore, the
vapor concentration is greatest on the downwind
side of the contaminated area. Vapors are moved
by the wind as discussed earlier in this chapter.

Evaporation due to wind speed depends on the
amount of the liquid exposed to the wind (the
surface of the liquid) and the rate at which air
passes over the agent. Therefore, the duration of
effectiveness is longer at the places of greater
liquid agent contamination and in places where
the liquid agent is sheltered from the wind.

The rate of evaporation of agents employed for
persistent effect in a liquid state is proportional to
the wind speed. If the speed increases, evaporation
increases, thus shortening the duration of
effectiveness of the contamination. Increased
evaporation, in turn, creates a larger vapor cloud.
The vapor cloud, in turn, is dispersed by higher
winds. The creation and dispersion of vapor are a
continuous process, increasing or decreasing in
proportion to wind speed.

_ Releasi_n%agents for Persistent effect by point
dispersal via bombs, shells, rockets, or land mines
results in an unevenly distributed contaminant.
Heavier concentrations of the liquid are found
around the point of burst. Lighter concentrations
result farther from the bursting position. There
Brobably will be small areas between the points of

urst that are not contaminated, depending upon
the number of munitions used and the uniformity
of dispersal. _

Liquid agents released in the form of a spray
are fairly evenly distributed, exposing the
maximum surface area of the contaminant to the
wind. This results in a more rapid evaporation
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than when the liquid agent is unevenly dispersed
(as with bursting munitions). With spraying, the
duration of effectiveness decreases, and there is a
corresponding increase in the vapor concentration

downwind from the sprayed area.

Some chemical agents have no significant
vapor pressure, and, consequently, their rates of
evaporation are not affected by wind speed. Also,

Table 1-5. Summary of favorable and unfavorable weather and terrain conditions for liquid agent
employment.

FACTOR UNFAVORABLE MODERATELY FAVORABLE
FAVORABLE
Liquid Agents Employed for Liquid Contamination
Wind High wind speeds, Moderate wind Low wind speeds for
except liquid agents speeds. agents with a
with little vapor significant vapor
pressure, which are pressure. Higher wind
only slightly speeds for agents with
affected. High turbulence. little vapor pressure.
Little or no turbulence.
Dispersion Unstable. Neutral. Stable.
Category .
Temperature High soil temperature. Intermediate. ‘Surface temperature
just above the
freezing point of the
agent when used for
contamination effect.
Humidity Low. Intermediate. High.
Precipitation Heavy. Light rain. " None.

Vegetation *

Heavily wooded;
jungle canopy.

Intermediate.

Sparse or none.

Soil Bare, hard ground. Porous surface. Intermediate.
Liquid Agents Employed as Aerial Spray for Casualty Effect
Wind High wind speeds and Intermediate. Low wind speeds with a
high turbulence. small degree of turbulence.
Dispersion Unstable. Inversion if Neutral.
Category released below
the inversion cap.
Temperature Low. Intermediate. Intermediate to high.
Humidity Low. Intermediate. High.
Precipitation Heavy. Transitional. None.

Vegetation

Heavily wooded; jungle
canopy.

Liquid Agents Employed for Vapor Concentrations

Favorable and unfavorable conditions are much the same as those for chemical agents, vapors, or aerosols {Table 1-3)).

*Cloud dispersal occurs above the canopy.
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some of these agents are extremely toxic, so even a
very slight surface concentration represents a
massive overkill dosage. When agents of this
category are released from spray munitions under
low wind speeds, they cover only a narrow zone.
When released under higher wind speeds, they
cover wider areas more effectively. Thus, when
downwind safety is not a limiting consideration,
high wind speeds may be more desirable than low
wind speeds for these very persistent agents.

With agents that vaporize readily, high wind
speeds may cause complete vaporization before
the agent reaches the ground, creating ongl a
vapor hazard. The resulting vapor cloud is
nonpersistent and dissipates quite rapidly due to
the high degree of mechanical turbulence
associated with high wind speeds.

Turbulence has the same effect on agents
emploged for persistent effect, whether released
from bombs, rockets, artillery shells, or land
mines. Turbulence tends to reduce the duration of
effectiveness in the liquid state by helping to
increase the rate of evaporation. Temperature,
rather than turbulence, has the greater effect on
the duration of effectiveness of liquid agents.
However, a contaminated area that has been
subjected to pronounced turbulence does not
remain contaminated as long as one that has been
subjgcted to only slight turbulence with low wind
speeds.

P Turbulence also influences the spraying of
agents employed for persistent effect. High winds
and air movements divert the drops from the
target or spread them over a Iaré;er area. Steelp
mountain regions sometimes produce large-scale
eddies that prevent effective coverage of the target.
Any vapor concentrations built up from sprayed
ﬁreﬁs are slight when the degree of turbulence is

igh.

Stability, Mixing Height,
and Temperature

Unstable conditions are characterized by
warmer surfaces. The solar heating then causes
evaporation to be more rapid.

Temperature, velocity, and turbulence also
affect the dispersion of spray. When stable
(inversion) conditions prevail, there usually is
little or no thermal turbulence, wind speeds are
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low, and the degree of mechanical turbulence is
also low. Often stable conditions exist continually
only near the ground. Above the top of the stable
surface layer, wind speed and turbulence are
increased. Wind direction here also may be
substantially different from the surface wind
direction. A chemical spray released below the top
of the inversion falls fairly quickly. The height of
the top of an inversion varies throughout the
period of the surface inversion existence, and it
may vary (apldl?]/ over large hills and mountains.

The mixing height is the capping inversion at
the top of the mixing layer and serves as a lid. It
prevents further upward vertical growth of a
chemical vapor. A mixing height can also exist
above unstable or neutral surface stabilit
conditions. In radiation inversions, whic
commonly form at night, the top of the surface-
based (mixing) stable layer is very close to the
earth’s surface shortly after the neutral condition
changes to a stable condition (soon after sunset).
As the surface stable layer intensifies, its top rises,
reaching its maximum elevation between 0200 and
0400 hours local time. Maximum elevation may be
400 meters in a very intense stable layer. In the
morning, solar radiation heats the surface and
causes a good mixing condition close to the
ground. The mixing height and turbulence
condition increase until they destroy the stable
layer. The mixing height can extend from the
earth’s surface up to 2 kilometers in elevation on a
hot summer day. On a calm, clear night, the
mixing height may extend only 50 to 100 meters
above the earth’s surface.

If a chemical agent is released above the
surface stable layer, most of the agent remains
aloft in the turbulence layer, and most of it will
dissipate before settling low enough to be effective.
For this reason, most spray missions are flown at
either sunrise or sunset to take advantage of a
neutral temperature gradient. With this gradient,
there is some vertical exchange of air, and the
chemical spray, being relatively heavy, has a
natural tendency to settle to the ground. The Air
Weather Service or an assigned meteorologist can
ﬁrpwde information on the mixing height and the

eight of the top of the surface stable layer.

Under unstable conditions, convection
currents often catch many ver¥ small droplets and
carry them upward above the level of release. As a
result, the spray takes longer to reach the ground,



and much of it may dissipate before reaching the
target area.

Temperature is one of the most important
factors affecting the duration of effectiveness and
vapor concentration of liquid agents. Agents
employed for persistent effect acquire the
temperature of the ground and the air they contact.
Their evaporation rates are proportional to the
vapor pressure at any given temperature. The
temperature of the ground surface in winter in
temperate zones closely follows the air
temperature with a range of only 10 to 20 degrees
between day and night. In the summer in
temperate zones, the surface temperature may be
much higher than that of the air in the daytime
and much cooler at night. Turbulence usually
accompanies a high ground temperature. The
result is that although the vapor concentration in
the immediate area may be very high, it falls off
rapidly a short distance away. Temperature of
vehicles, buildings, and other surfaces may be
warmer. This is because of internal heat sources
and/or higher solar heating.

From a defensive viewpoint, a dangerous
situation is likely to occur on a summer evening
when the ground temperature is still high and a
stable condition has started to set in. Under these
conditions, a heavy vapor cloud produced by
evaporation could be dangerous downwind to a
distance of 2,000 meters or more. With ordinary
concentrations, however, danger from vapor is
somewhat less.

Another important temperature factor to
consider is that people perspire freely and wear
lightweight clothing In a warm climate. Thus, they
are more susceptible to the action of chemical
agents.

For effective tactical employment of bombs,
shells, rockets, and land mines in releasing liquid
chemical agents, the actual temperature of the
agent itself Is vitally important. Generally, liquid
agents are not effective when used at temperatures
below their freezing points. However, liquid agents
cgn produce casualties when the frozen particles
thaw.

Humidity has little effect on how long liquid
agents are effective. However, high relative
humidity, accompanied by high temperatures,
induces body perspiration and, therefore,
increases the effectiveness of these agents. Also,
permeable protective clothing is less resistant
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when sweat-soaked than when dry. Since sweaty
skin is more susceptible to the action of vapor,
lower vapor dosages produce casualties when the
humidity is high.

Precipitation

Light rains distribute persistent agents more
evenly over a large surface. Since more liquid is
then exposed to the air, the rate of evaporation
may increase and cause higher vapor
concentrations. Precipitation also accelerates the
hydrolysis effect. Rains that are heavy or of lon
duration tend to wash away liquid chemica
agents. These agents may then collect in areas
previously uncontaminated (such as stream beds
and depressions) and present an unplanned
contamination hazard. o

The evaporation rate of a liquid agent reduces
when the agent is covered with water but returns to
normal when the water is gone. Precipitation may
force back to the surface some persistent agents
that have lost their contact effectiveness by
soaking into the soil or other porous surfaces.
These agents may again become contact hazards.

Snow acts as a blanket, covering the liquid
contaminant. It lowers the surface temperature
and slows evaporation so that only very low vapor
concentrations form. When the snow melts, the
danger of contamination reappears.

Terrain Contours

Terrain relief has little direct effect on a liquid
agent. However, a slope affects temperatures and
winds, and these influence the evaporation rates of
liquid agents. However, the slope or contour may
affect the delivery means capable of most
efficiently delivering the agent on an area (for
example, reverse slopes are normally not good for
artillery employment, and mountainous terrain
may restrict use of spray tanks).

Vegetation

When persistent agents are used in vegetated
areas, some of the contaminant clings to grass and
leaves. This increases the surface agent exposed to
the air and, hence, the rate of evaporation.
Personnel become most susceptible to liquid
chemical agents in vegetated areas, because they
are more apt to come in contact with the agent by
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brushing against the foliage. Within shaded
woods, however, despite the greater surface
covered by the liquid chemical agent (because of
the vegetation), the reduction in surface
temperature and wind speed increases the
duration of effectiveness.

When bombs or shells burst in woods, usually
most of the liquid falls near enough to the ground
to be effective. An exception is bursts in virgin
forests with dense canopies that may extend to 50
meters high.

A thick jungle or forest canop?/ usually
prevents liquid agent spray from airplanes from
reaching the ground in quantities sufficient to
produce significant casualties. When stable
conditions exist above the forest canopy, however,
enough vapor penetrates the canopy to cause
casualties.

Soil

The soil on which liquid agents are placed
influences the evaporation rate and the duration of
effectiveness. Bare, hard ground favors short-term
effectiveness and high-vapor concentration. If the
surface is porous, such as sand, the liquid agent
quickly soaks in; and the area no longer appears to
be contaminated.

The rate at which liquid agents evaporate
from a sandy or porous surface 1s about 1/3 less
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than the evaporation rate from nonabsorbent
surfaces. Extended contact with a contaminated
porous material is dangerous if unprotected.
However, if there is no free liquid on the surface,
the danger from brief contact is relatively small if
protected. If a porous surface on which liquid
contamination falls has been wet by rain, the
contaminant does not soak in as readily, and the
surface is initially more dangerous to touch than it
would be if the liquid agent had soaked in. When a
mustard a%ent (HD) falls onto a wet surface, it
stays in globules; and a thin, oily film spreads over
gh%* s%ur ace, making contamination easier to
etect.

Other Surfaces

Persistence of liquids on painted surfaces of
vehicles is much shorter than on most terrain. This
Is due to a number of factors, including increased
surface temperature, turbulence of airflow over the
vehicles or other equipment, and greater spread of
drops to give more surface area for evaporation.

Persistence varies greatly with surface
material. Absorption, adsorption, and resorption
also vary with surface material. Rubber absorbs
most agents rapidly and desorbs slowly. Chemical
agent resistant coating (CARC) absorbs very little
agent.



