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TACTICAL EMPLOYMENT OF GASES

IMPORTANCE OF GAS AS A WEAPON IN MILITARY
OPERATIONS.

1. The introduction and development of the use of gas in
military operations has had a marked effect on the action and
employment of troops in combat, A proper tactical training
now requires careful instruction not only in measures of de-
fense against gas, but in the use of gas against the enemy in
offensive and defensive operations, Beginning in April, 1815,
with the first successful use of gas in the form of a gas cloud
projected from eylinders the forms and methods of use have
h@pﬁﬂ?n‘deﬂltu tilm::lvmi-:a the use of the usual arms of com-
batant troops in the projection of gas and th
spnclnl arms for its projection. ! SR
'Eilﬁ' _The general term “Gas” as now used in warfare embraces

| poisonous gases used in war, whether in cylinders, shells,
or otherwise, and in addition, smoke, incendiary and irritatin
substances, The chemical substances designated " E

_ as “Gases

Eﬁ_’_tﬂ x great varicty of properties and effects. To think of all
"gases” as having substantially the same properties and tactical
uses is a serious mistake. The “gases” used in warfare include
:gt;:; ::Iﬂ‘r true gases, but solids and liquids of widely varying
0P U‘HE:H::E“;;:;T mnvcrt‘;‘i in their actual use into “‘par-

of taetical uses in ugl;?}i;isnatimlls ﬁ?ﬁﬂstﬂﬂﬂlblﬂ N
mlt‘:ntm L e other means of warfare.

B etiean. persists after the explosion, imposing upon
€ enemy the nccessity of wearing masks. This is a source
f*.,"_ﬁ:ﬁﬂﬁmfnrt and impairment of vision and efliciency, Gas is,
54 tee, uh;ﬂﬂpnhle of penetrating certain means of defense, such
for nches and dugouts, sometimes m flecti 7
et 11 ; ore effeclively than other
ii’nmln order fo _r::ul:ze the value of the employment of gas
Ehinst 5o, operations and the necd of the measures of defense
m o é;‘ai:vell 111:5 to determine the conditions under which
(e applicable, a knowleage of the physical proper-
€8 and the physiological effects 5 iy

& EESEHEE; effects of gases and their behaviore

- .
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PHYSICAL PROTERTIES,

4. The most important physical property is that which de.
termines the “persistency” of the substance when used in the
field, Tnis property depends chiefly upon the rapidity of evapors-
tion, which may be roughly estimated from the boiling point
of the lignid. According to this eriterion, we may name the
following classes, giving the most prominent example of each:
GROUP I-—Substances which are gases at ordinary tempera-
tures (of low persistency)—Phosgene.

GROUP II—Maoderately volatile liguids (of moderate persis-
tency)—Chlorpicrin,

GROUP III—Slightly volatile liquids (of high persistency)—
Mustard “Gas.”

GROUP IV—Toxic smoke producers—Diphenylchlorarsine,

(I) Gases at ordinary temperatures (like phosgene), when
released from containers, will be blown about by the air cur-
rents; hence, if the air is relatively still, as when the wind
is low, or in a dense wood, such a gas may persist for some
time, On the other hand, in the open, and when the wind is
blowing, it will be quickly dissipated. Such a gas can be used
advantageously against positions to be altacked shortly affer
the release of the gas.

(II) Moderately volutile liquids (like chlorpicrin), when
splashed upon the ground, will vaporize rather slowly, and will
continue to contaminate the air in the neighborhood. In woods
or in dugouts, or when the air is still, this contamination may
persist for considerable lengths of time. However, that portion
of the liquid which has vaporized is no more persistent than
the gases in Class I,

(II1) Slightly volatile liquids (like mustard gas) will give
off their vapors still more slowly, so that an infected area will
remain dangerously infected for a greater length of time. How-
ever, it is difficult to get their vapors into the air in high con-
centrations. Only by breaking them up to form a mist ean
high concentrations and rapid deadly effects be realized. Sub-
stances of this class are accordingly especially useful in har-
assing an enemy and in preventing him from attacking over
areas dremched with them It has, in fact, been possible to
ascertain positions which the ememy expected to attack by
noting gaps left in territory otherwise heavily shelled with
mustard “‘gas.”

(IV) Toxic smoke producers (as diphenylechlorarsine) are
substances which can be made to give a suspension of extremely
fine particles of poisonous dust, or mists in the afr. Such
clouds are no more persistent than those caused by gases in
Class I. Their chief value lies in their ability to penetrate,
more or less, the enemy masks. Usually when the cloud has
settled upon the ground the amount of vapor given off is too



Use of Gases 7

Hﬁ. to have any toxic effect. Such effect is only produced
v th jnhalation of the particles themselves while suspended

g

jn the air.
PHYSIOLOGICAL EFFECTS.

8, The toxic substances may be classified according to the
ominant effects which they exert, with the understanding,
sver, that the action of any substance is not limited to a
‘tissue or group of tissues. Thus, a substance, the vapor
ch causes injury to the respiratory passages, may, when
d to the skin, cause blistering. If the sole or chief use-
s of a substance in warfare depends upon its effect on
respiratory tract, it is classed as a respiratory Irritant.
s power to produce casualties is due to its action on the
3, it is classed as a skin irritanl. If both aclions are use-
is placed in both groups.
Respiratory Irritants, By far the greatest number of
nees thus far used injure the respiratory apparatus.
groups may be differentiated:
(@) Those which exert their shief effects upon the delicate
sbranes in the lungs through which oxygen passes from the
mnto the blood. The main result of this injury is to cause
‘to pass from the blood into the minute air sacs and thus
truct the oxygen supply to the blood. Death from one
ese substances may be compared to death by drowning;
ater in which the victim drowns being drawn into his
from his own blood wvessels. Examples: Phosgene,
ehlerine, chlorpicrin, diphosgene.

(b) Substances which injure the membranes which line the
@ir passages. During normal life these membranes insure pro-
pn to the lungs against mechanical injury by particles
may be taken in with the air and against bacterial in-
3, As a result of the action of substances of this group
protective power is lost. Portions of the membrane ¥
2 swollen and detached and may plug up the s er
ges leading to the lung tissue, or the damaged tissue may
¢ the seat of bacterial infection, thus setting up bron-
‘and pneumonia. Examples: Mustard gas, ethyldichlorar-

(¢) Substances which affect chiefly the upper air passages,
¢ nose and throat. These substances cause intense pain
discomfort but are not dangerous to life. They cause
Ing, painful smarting of the nose and throat, intense
che, a feeling of severe constriction of the chest, and
ng., For varying periods after exposure they may cause
Al muscular weakness and dizziness, loss of sensation in
of the body or even transitory unconsciousness. Ex-
8: Diphenylchlorarsine, diphenylcyanarsine,

ik Tear Producers (lachrymators). ~Certain substances have
- powerful ecffect upon the eyes, causing copious flowing of
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tears, followed by reddening and swelling of the eyes, pro-
ducing thereby effective temporary blindness. These effects
are often produced by extremely minute quantities of tear pro-
ducing substances. Larger guantities of the same substances
usually act as lung irritants as well. Examples: Brombenzyl-
cyanide, bromacetone, ethyl idioacetate, chlorpicrin,

= 8. Skin Blisterers (vesicanfs).. Certain substances have a
pnwerful irrrtatmg effect upon the skin, very much like that
produced by poison ivy. The same effect is produced upon all
the surfaces of the body with which the substance may come
in comtact, such as the eyes and the breathing passages. Ac-
cordingly, a substance producing skin blistering will, if in-
haled, also act as a powerful irritant of the air passages. Ex-
ample: Mustard gas.

- 9. The following table ivcludes the most important sub-
stances mow in use in Chemical Warfare, grouped according
to persistency, with brief indications of their physiological ef-
fects. Little attempt is made to describe the odors, as this is
very difficult. However, all who have any responsibility in
connection with Chemical Warfare, should become familiar with
the various odors by actual experience:

PROPERTIES OF SUBSTANCES USED IN CHEMICAL
WARFARE,

NAME PROPERTIES
Mhatsical Physfological

GROUP 1—Gases af Ordinary Temperatures. (Readily dissi-

pated by wind. Non-persistent.)

Chiorine (Bertholllte) Greenish Yellnw Gas, Long  Irritant,  death
rapld or delayed. TLess
toxie than phosgene.
Odor 1llke that of
bleaching lime,

Phosgene (C. G.) (Col- Colorless gas, easlly Lung leritant, death

longite) Hgnified. rapid or delayed. Monl-
iy odor,

E!.‘Flli'ﬂt'ﬂn!t Acld (V. COolorless gns, easlly Nerve polgon. Immedi-

N.} (Viocennlte) liguified. nte death If eoncen-

troted ;. very Iita effect
It  dilute. Rapld re-
covery with oo after

rffects,
GROUP I11—Moderately Volatile Liguids. (Moderately persis-
tent.)
Chiorplerin (P, 8.) Liguid Iess volatile than Lung lrritnnt, glightly
water, lere. toxic thon phos-

gene. Tenr prodocer.

Diphospene (8. P.) (So- Ligold leau wolatile Lung Irritant.
perpalite) (Green Cross) then water.

Dichlorethylaralne (Yel- Moderately wolatlle lig- Nerve polson mod res
low OCross 1) (New uld. plratory Irritant. Pro-
Green Uross 3) duces. pain In  throat.

chent and liead.
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o) If,rlnjde I.C¢
(Other tear pro-
& aimllar in prop-
, and effect.)

L o l-ﬂ '-.H . 5.}
ite) Dichlorethyl-
11 Yellow Cross

P 111—Stightty Volatile Liyuids.

Liquid, bolling at 217
. (428" FL. Faint
plingent odor when pure.
Garlle odor from shell
bursta,

GROUP 1V—Toxic Smoke Producers.

"W' siphenylchlorarsine (D.
%y Sternlte, {Blue
I -. - .].;

_ﬁmmuunrﬂm.

‘stannie chiorlde (K. J.)

Solid, melting at 39°
(5. {102° F.), bolling at
gaac 0. (032° F.) vaper
condensing to smoke.
Similar to diphenyl-
elilorarsine,

Volatile liquid formiog
gnlid smoke with mols-
ture of the alr.

(Highly persistent.)

Powerful tesr producer.

Alr passage Irritsnt,
producing death, and
gkin bilstering agent.
Eves and genltal very
gonsitive. Effects of-
ten delayed 3 bours tu
2 days.

Prodoees violent
in bead,
chest, with
and coughing.

palin
throat =od

pneexing

Same e¢ffecin as D. A,
but more powerful.

Little toxie. Glves opa--
gue cloud and pede-
trates German mask,
producing coughlog.

[EFFECT IN RELATION TO DENSITY OF GAS AND TIME OF

40. The degree of the physi
preceding paragraph depends on
. density of the gas. It is evident 1

sary to kill by at

This is very import

the greater is the ti
‘equally toxic effect.
concentration of a given gas

EXPOSURE.

me of exposure ne

ological effects stated in the
the time of exposure and the
hat the more dilute the gas,
cessary to

produce an

We may say roughly that doubling the

reduces the time of exposure neces-
least half, and usually by more than half.
ant in connection with tactical considera-

ﬂﬂ'ﬂﬁn beeause the chief effecliveness of the gases of the non-

CONAERGEE

persistent type, like phosgene
poisoning the enemy before he
is exceedingly important, from
him suddenly with gas of

mask is in place.

11. The effectiveness of m
faet that it retains it
mmtmtiuns. The |
acting for 20 minutes

centration of one part in 10,000 acting for
“also true to a large extent with chlorpicrin.
the toxicity of hydrocyanic acid (the toxic constituent of Vin-
ennite), falls off much more abruptly as the concentration

. is attained through surprise-
is able to put on his mask. It
this standpoint, to surround
sufficient concentration hefore his

ustard gas is partly due to the
s proportionale effectiveness ai very low
ow concentration of one part in 100,000

produces as much effect as the high con-

2 minutes.

This is
On the other hand.

_ﬂ!_nmii:jshes. so that a dilution is very soon reached at which
it can be breathed almost indefinitely with no bad results.
12 - The following table gives the concentrations necessary
to produce death, or other characteristic effects, upon exposure
for different lengths of time:
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ACTION OF GAS UPON RELEASE FROM CONTAINERS.

(1) Gas from Cylinders,

18. When gas is liberated from a cylinder it is blown along
the wind and as a result of the eddies set up by its passage over
the surface of the ground, it is mixed with air. The height of
the cloud, when the ground is cool and the wind is nol too
high, is not very greal, being limited largely by the height to
which the eddies extend. Over smooth ground this amounts
roughly to 30 feet at a distance of 100 yeards from the point
of emission, increasing only slowly at grealer dislances.

14. The cloud spreads laterally in the form of a fan, as il-
lustrated in Figure 1. The angle of this spread may vary from
15 to 25 degrees. It is safe to take 20 degrees as an average.
This means that the width of the cloud at any distance from
the cylinder will be about 0.4 of the distance. An imcrease in
this angle seems to be favored by decreases in wind veloeily and
by increase in the rate of emission of the gas. It is possible,
for practical purposes, to calculate the concentration of gas in
the cloud at varying distances from the eylinder provided Lhe
velocily of the wind and the rale of emission of gas are known,
The coneentration will be gratest in the middle, decreasing
toward the edges, as indicated by the shading in Figure ke A~
creased wind veloeity produces a proportionate decrease in the
concentration of the cloud. The average concentration at anjy
cross section of the cloud falls off somewhat more rapidly than
lhe inerease of the distanee from the ecylinder. Thus, if the
concentration were one per cent at 50 yards, it would be soime-
what less than 0.5 per cent at 100 yards, and considerably less
than 0.05 per cent at a thousand yards.

15. If gas is emitted from the eylinders or groups of eyl-
snders at a distance from each other, each cloud will behave as
above, but at the point where they begin to inlersecl dilution
will become very slow, as illustrated by the inlersecling lines
in Figure 2.

(2) Gas from Shells.

18. As the clouds formed from bursting gas shells proceed
down the wind, the rate of speed is roughly the same as for the
fan shaped cylinder discharge, as shown in Figure 3, in which
A, B, and C represent horizontal cross sections of the cloud al
the point of burst and at twe laler intervals, respectively.
Viewed from the side im elevation, these e¢louds are seen to
spread out to a very great extent in the direction of travel.
This is due to the friction offered by the ground to the pas-
sage of the wind, that portion of the gas cloud closer lo the
ground being retarded the most. Figure 4 illustirates the appear-
ance of the cloud in elevation at the three points of its patb
shown above in Figure 3.

17. This longitudinal spreading of the cloud from a single
shell burst causes it to dilute much more rapidly, as it pro-

1
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ceeds from the point of emission, than does the cloud from a
eylinder discharge. Of course, the retarding influence of the
ground operales in both cases, but the continuous supply of
gas from the eylinder tends to keep up the concentration. The
resull of artillery fire is usually a succession of distinet clouds,
due to limitations in the rapidity of fire and to the dispersion
of the shots.

18. It is very important, therefore, that bursts should be as
close as possible to windward of the larget, in order to sur-
round the target with elouds of the maximom econeentration.

19. Just as the behavior of the cloud from a single eylinder
discharge enables one to prediet the general behavior of the
cloud formed by the simultaneous discharge of a number of
cylinders, so the behavior of the cloud from a single shell
burst, as outlined above, allows Lhe prediction of the effect of
gas shell fire in relation to wind, rates of fire and zones of
dispersion.

20. Artillery “Gas Zones of Dispersion.” When gas shells
are fired at a position the shells do not burst simultaneously,
The zone of dispersion of a gun is the pattern produced upon
the ground by the impact of a large number of shells from a
single piece. This pattern is independent of the rate of fire.
The individual gas clouds move at once with the wind from
the points eof burst, each growing and diluting as indicated by
the above paragraphs. If, as is usually the case, the shells do
not fall simultaneously the effective zone of dispersion becomes
not a pattern on the ground but a patiern in the air elongated
in the direction of the wind., This elongation has the effect of
an increased dispersion, the increase being greater the greater
the velocily of the wind and the less the rate of fire. Figure 5
represents, in idealized fashion, the points of impact and the
sizes, position and concentralions of the clouds produced in a
wind blewing across the line of fire, It is readily seen that
doubling the rate of fire will distribule the gas in roughly half
the area, producing thereby at least twice the concentration
and having far more than lwice the effect in producing ecasual-
ties. It is evident, also, that an increase in the wind velocity
will distribute Lhe gas over a larger area, decreasing the con-
ceniration of the cloud. (As shown in Figure 6 as compared
with Figure 5.)

~ 21, One of the chief reasons for the effectiveness of gas is
the faclt that the cloud of gas is present for an appreciable
length of time after its emission from cylinder or shell and is
capable of producing casuallies until the division becomes too
great, or until it is blown away,

22. Increased wind velocity reduces rapidly the length of
Lime thal gas remains in the neighborbhood. Gas is used most
effectively in winds under 3 meters per second. However, too
low a velocity is objectionable in the case of gas emitted near
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our own lines because of the possibility of a variation in wind
direction bringing the gas back. Gas may be used in artillery
shell fire at longer ranges even when the enemy is to wind-
ward by so adjusting the amount of gas used that the concen-
tration will be harmless when it reaches our own lines.

23. In order to kill a man with gas by surprise, it is neces-
sary to surround him with gas so concentrated that the small
amount he must breathe before getting his mask on is effective.
After his mask is put on, the ras cloud is of relatively small
effectiveness. Even when the enemy is wearing his mask, how-
ever, it is desirable to subject him to gas of high enough con-
centration to penetrate the mask, especially the nearly ex-
hansted ones likely to be in possession of many of the enemy’s
troops. :

24. Effect of Temperature. When the ground is considerably
warmer than the air, as when the sun is shining brightly, ver-
tical currents of air rising from the surface of the ground are
generally produced, which have a great tendency to dissipalc
gas clouds. For this reason, gas is used far more effectively
at night, or when the sky is overcast.

25. Effect of Terrain. It is very difficult to obtain a gas
cloud, containing more than 0.1% of gas. for more than a very
short time after its release, and even this concentration rapidly
diminishes. Therefore. there is but little difference in physical
hehavior between a so-called gas cloud and so mueh air. Iis
density is but infinitesimally greater, and it is subject to the
same movements as the surrounding air. If it stays longer in
a valley than on higher ground it is chiefly because the winds
blowing at higher elevations are not so strong in the valley.

26. FPeatures of terrain which affect the movement of the
air affeet the movement of gas elouds in almost the same way.
Tall grass, bushes, trees, buildings, ete,, retard the movement
of air, and in an increasing degree they retard the movement
of and retain gas clouds. In an attack following a gas bombard-
ment, more time must he allowed if a field of grain is in the
path than if short grass or ploughed fields inlervene. 5till
more time is, of course, necessary where bunshes or trees are
present.

PERSISTENCIES OF GASES.

27. Persistency of Ligunids Upon the Ground. To know how
long the persistent substances will infect an area is very im-
portant. When ground has been evacuated in consequence of a
mustard gas bombardment the length of time which must
elapse before it can be occupied should he foretold as accurately
as possible. Tremendous advantage mav be gained by being
able to estimate this period more accurately than can the enemy.

28. The rate of evaporation of a liquid from the ground is
increased by increased wind velocity and especially by n-
creased temperature. Mustard gas in the wonds. or in ealn
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will persist much longer than in the open or in
veather. It will Jast longer on eold ground than on hot
However, during a cold might, an infected area may
pe traversed with little danger provided the feet are
; protected, whereas the following morning, after the
. warmed the ground, enough vapor may be given off

air as a result of the increased evaporation to gas

2]y anyone traversing the area. -

Moisture produces (though very slowly) the chemical
mposition of mustard gas so that it will persist for a
er Lime in moist soil than in dry soil of equal tempera-

b

), If the mustard gas liquid is dispersed in very fine drop-

ts, it will disappear much more rapidly than when splashed
arge drops upon the ground,

. The following table will serve to give a rough idea of

_persistency which may be expected from gasses as spread

shell of the usual types: '

L —
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Jactical Use of Gases 19
32. The persistency of mustard gas on the ground is di-
" minished by heavy rain, which washes it away, or by sunshine
' or strong wind which hastens its evaporation. Sunshine, on the
" morning after a bombardment, may produce a dangerous con-
entration of gas, where no marked eifect had been noticed dur-
jng the night. The wind limits for mustard gas are from calm
to 12 m. p. b the lower the veloeity of wind, the greater the
jocal concentration of gas. Varialions may be expected accord-
ijng to the principles above discussed. In the case especially of
chiorpicrin, the air may have become safely free from the gas
swhile the ground still contuins enough tuv make it dangerous
to entrench in it.

33. Infected areas may be crossed at night when the ground
is cold al shorter intervals than those indicated by the above
tables. It is always legitimate to lake some risk of injury when
important military advantages may be gained Lheréby. it is no
‘more necessary to seek absolute safety from gas than from other
forms of ammunition,

METHODS OF PROJECTION.
34, Chemical substances may be projected in military vpera-
tions as follows:
(a) In form of cloud gas discharged from gas cylinders.
(b) In steel bombs fired from Livens Projectors.
(¢) In steel bombs fired from four nich Stokes morlars.
In the American Expeditionary Forces the three methods
mentioned above are used by Gas Troops for projecting gas.
~ (d) In shells of various ecalibre fired from Artillery
wWeapons.,
(¢) In grenades (including smoke grenades), thrown by
hand or rifle.
(f) In form of smoke bombs thrown by 3-inch Stokes
mortars,
(¢) In form of smoke candles set off in place.
The last three forms are used by Infantry.
(h) In form of incendiary and smoke bombs dropped
from airplanes by the Air Service.
The various methods of projection are described in detail in
Part II to Part V, inclusive of the Gas Manual.

EMPLOYMENT OF CHEMICAL SUBSTANCES IN TACTICS.
~ 35. Meteorological, topographical and other pertinent con-
ditions being favorable to the use of gas in a given tactical
situation the kind of gas to be employed in the tactical opera-
tion depends on persistency and nature of the ellect of the
gas, whether temporary, permanent or delayed. It is relatively
unimportant to distinguish between the various physiological
effects which may be included under the above headings. For
example, it is not of greal consequence in planning an opera-
tion to distinguish between temporary casuallies produced by
eoughing, by vomiting, or by lachrymation. It is important to
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know only whether the effects will be produced rapidly and
whether they will persist for a long time. Moreover, il is un-
imporiant to distinguish between substances on the one hand
which produce bad burns, and those on the other hand which
produce lung lesions. Both can be used to decrease the effective
slrength of the enemy.

36. The following table, considered in connection with Table
of Persistencies, Par. 31, illustrates the tactical possibilities of
the substances deseribed in the preceding paragraphs.

PEESISTENCE NATURE OF CASUALTY PRODUCKE:
FLTrL T e purary Parmeiend Delayad
Group. L. Low  Liphenyi-clilor- Phosgelie- = === =0 cmsssessmeswss i
arelue. Clloring
Group T1. Moderafe .......cocovesens Cllorpierin =~ seiissssanssces
Group 111 High Brombeusyl ¢yan-  c..cervrevsavanrs Mustard Gas.

ide mnd other
fgelhrymators (tear
producers).

37. Smoke, although used for screening purposes rather than
for toxic effect, falls within the scope of Ghemical Warfare, and
may be considered as a separate group—Group IV. This group
includes Tin Tetrachloride, Silocon Tetrachloride, Tilanium
Tetrachloride, and White Phosphorous. The Tetrachlorides are
liquids, non-poisonous, but producing a dense smoke, princi-
pally useful in ranging. DBeing liguids, shells filled with them
have the same ballistic eharacterislics as gas. While Phos-
phorous is a solid which, upon bursting in air, burns with a
dense white smoke. It is useful for smoke screens. Phosphorous
burns make ugly wounds,

38. The chemical substances described in the preceding pages
may be employed in support of troops acting either offensively
ur defensively.

39, Oifensively they must be employed for the purpose of
assisting in gaining and maintaining that fire superiority
necessary for the infantry to advance,

This may be accomplished by:

Producing casualties among the enemy personnel directly
employed in the delivery of fire.

Limiting the maneuvering ability of hostile forces by for-
bidding or rendering impracticable the use by them of certain
areas heavily gassed.

Producing casualties among hostile reserves thereby reduc-
ing the strength of a counter-altack.

Reducing the effectiveness of hostile fire by compelling
enemy personnel to wear gas masks.

Reducing effectiveness of hoslile fire by establishment of a
smoke screen, thus preventing aimed fire and observation of
effect of fire by the enemy

By deceiving the enemy regarding the place or direction of
the attack,
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Reducing the effectiveness of hostile fire by lowering the

morale of the troops continuously exposed to the effects of gas.

40. Gas in offensive operations may be used for purposes
mentioned in preparation for the attack or during the attack.

41. Troops on the defensive may employ gas to prevent the
enemy gaining or maintaining the fire superiorily necessary to
advance. This may be accomplished by ome or more of the
methods mentioned in Par. 39.

42. Troops on the passive defense have a wide field of use
gor gas because none of the restrictions which exist when gas
s nsed to assist troops acting offensively are imposed.

43. When, however, troops are acting on Lhe defensive await-

a favorable opportunity to attack, gases must be so em-
ployed that they shall not interfere when an otherwise favor-
able opportunity is presented to resume the offensive.

44, In a withdrawal or in a retreat the employment of
chemical substances is especially applicable as they may then
he freely used without fear of deleterious effeet on our owiu
troops. Gases may be used under such tactical situations to
reduce casualties among friendly troops, by screening move-
ments of friendly troops and to preveni or delay pursuit, by
denying hostile troops the use of landmarks on which to guide
through causing them to advance through smoke clouds and
thereby favoring loss of direction by enemy units and their
mixing in the advance, and by causing casnallies among pur-
suing troops by heavily gassing areas included in their line of
adyance

45. The most effective gas against hostile personnel may,
under a given tactical situalion, be one against which the enemy
has no or only indifferenl means of defense, even though such
‘a gas may be of low persistence or have only a temporary effect
on hostile personnel. For this reason it is necessary to know
what are the limitations of the means of defense against gas
available for use by the enemy. Assuming the enemy means of
defenise are efficient against all available gases, the kinds of
gases used in any tactical situation depends upon lime available
before friendly troops, under the plan of operation, will prob-
ably occupy the area gassed, as well as upon meteorological and
topographical conditions and the persistency and effect of avail-
able gases.

46. Therefore, knowing the tactical requirements consult the
meteorological and tepographical conditions, lhe persistencies
and effects of available gases to determine the place, time and
kinds of gas to employ.

SPECIAL APPLICATION OF THE VARIOUS GROUPS OF
CHEMICAL SUBSTANCES.
Group I
47. Phosgene, During the entire period of preparation for
an attack, as well as in the earlier stages of preparation, when
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mustard gas Is being used, pul over phosgene in suddeu two-
minuie bursts of artillery fire, at repeated intervals of from
8 to 12 bours, upon sirong points, concentration arcas, woods
and ravines, and upon groups of trenches and dugouts, to kill
those whose miasks are worn out or those whe, through reck-
lessness or carelessness, have removed their masks.

On targets, distant 1900 meters or more, use artillery to carry
oub the tacties oullined in paragraph above. Whenever pos-
sihile, the area within 1900 meters of our line should be taken
care of by Gas Troops, using cylinders for cloud gas, when the
wind is favorable, und projectors and 4” Stokes mortars, all of
which can produce much higher gas concentration than artil-
lery.

When the wind is favorable, (blowing toward the enemy),
launch against the entire front to be allacked, and for miles
along the front not to be attacked, heavy phosgene gas attacks
by all methods, including cloud gas from cylinders.

If the wind is unfavorable, phosgene may still be used with
artillery, projectors and Stekes mortars by simply reducing the
amounts pul over in accordance with the tables of safe dis-
Lanees given in Partl 11,

When immediale neatralizalion is required, phosgene is gen-
erally preferable on aceount of its immediate effect.

Gas troops with Stokes Mortars, projectors and eylinders are
trained to keep up with infantry reserves, whence they can
be direcled to the support of attacks of strong points, machine
gun nests and enemy troops concentrating for counter-attacks,
by projection of phosgene, or by projection of phosphorous for
smoke screens, They are also eqguipped lo fire upon hostile
personnel with thermite, phosphorous and incendiary bombs
and drums thrown from mortars and projectors.

With unfavorable winds phosgene and chlorpicrin may be
used by artillery, and by Gas Troops, employing projectors and
4" Stokes mortars, which should direct their fire just beyond the
nearesl enemy masses so as to let the gas drift back over them.
The amount of gas must be reduced. but not necessarily to”the
amounts given as safe under rules for firing of gas by artillery.
Some chances must be taken with our own gas even to the
extent of an eccosional casualty as with H. E. and shrapnel.
With the new comfortable mask, giving perfect vision, acei-
dental casualties should be rare.

Group I1.

48, Chlorpicrin is stopped by the mask much less readily
than phosgene, and in the high concentrations attainable in
projector attacks heavy casualties may be expected. It is mod-
erately persistent, and its value in artillery shell is due to this
fact and to its lachrymatory power. From 3 to 12 hours should
be allowed where Lroops are to cross the infected area, depend-
ing upon whether the area is open or wnoded.
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Group I1I.

s characteristies which make mustard gas so valuable are:

‘(a) It has very little odor.

(b) The absence of immediate effect,

(¢) Its effectiveness in low concentrations.

(d) Its persistence.

49. Mustard Gas.

(a) Use for harassing fire agninst batteries, strong points,
woods, cross roads and enemy concentrations everywhere at all
times prior to attacking. (See c. d, and e.))
~ (b) As is affects eyes, lungs, body and food, and persists
for days, it wears down the enemy morale and vigor by forcing
constant wearing of the mask and the necessity of always tak-
-ﬁ,g. other extensive precautions.

"~ (¢) In the open it may be used when the weather is clear
and warm up to 3 days before an attack.

(@ When weather is cloudy and warm, add 1 day to (e).

(e) When weather is cold and especially cloudy, allow 4
to 7 days.

(f) In thick woods or brush heavily bombarded with mus-
tard gas, allow 5 days In warm weather and 7 days in cold
weather before attacking through them, exeept under special
conditions

(¢) An infected area may be crossed more safely when the
ground is eold, as during the night The above intervals may
be reduced if this precaution is taken.

(h) Continue neutralizing and harassing fire against strong
points, battery positions, eross roads and any possible concen-
tration points during the entire battle, in accordance with the
schedules given In (¢), (d), (e), and (f). The flanks, where no
attack is to be made by our troops, should he kept smothered
‘with mustard gas to prevent the possibility of a flank counter-
attack.

() 1t may prove possible in the future to change the hurst
of mustard gas shell so as to diminish the persistency, allowing
earlier attack following its use, and producing greater concen-
trations.

(j) - When the enemy succeeds in halting our attack at any
point, nse mustard gas in aceordance with the schedunles given
under (e) and (f), and in the intervening period up to the
moment of the attack, pour In phosgene with both artitlery and
Gas Troops. When the wind is unfavorable, . e., blowlng to-
ward our troops, merely rednce the amounts sent over,

(k) Gas used as explained under (}) is a valuahie weapon
to break up resistence in general, and is especlally valuahle for
use against enemyv troops concentrated for counter-attacks,

) Th: use of mustard gas must he continuous on woods.
ravines, roaas, villages, railroads, and any other places where
eénemy troops can concentrate or where they must move. Ficlds
that the enemy mnay cross should be thoroughly gassed.
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(m) Used in this way, it should be very effective in inflict-
ing serious losses from burns, even if the mask fully protects.

(n}) Mustard gas can be used in the offensive without en-
dangering our troops, beyond or to the flanks of an objective,
When the objective is a limited one, always allow clearznce of
one mile as a safety factor in case the wind should prove ad-
verse.

(0) Bombardments with mustard gas are best carried outl
at might, when the atmospheric conditions are most likely to
be favorable, and, when, owing to the difficulty of seeing while
wearing a respirator the maximum amount of interference with
movement is caused. In addition, the evacuation of shelled
areas is most difficult at night.

50. Brombenzylcyanide (lachrymator),

(a) Use anywhere to force immediate wearing of the mask.
It is a powerful lachrymator, and very persistent, but not pois-
onous unless one is very close to a bursting shell. It is two to
three times as persistent as clilorpiecrin.

(b) It is useful to save mustard gas, phosgene and chlor-
picrin, and still harass the enemy by forcing him to wear masks.
For this purpose it is many times more effective than phos-
gene and chlorpicrin.

() It is especially useful against active combatants, as
few guns are necessary to produce the desired effect,

al. Smoke. The following substances are used in our service
for producing smoke:

(a) Phosphorous.

(b) Tin

Titanium chtrachInﬂde.
Silican

(e) Special Smoke Mixtures.

Phosphorus, when exposed to air, quickly produces greal
volumes of dense white smoke, the particles burning on the
ground persisting for several minutes. Phosphorous gives
smoke of the highest obscuring power and greatest persistency
of any of the smoke producing substances., Moreover, the burn-.
ing particles of phosphorous make deep and serious burns in
flesh and hence it has a decided value against troops exposed
to it. Phosphorous is therefore used for smoke barrages and
screens, in artillery shell, trench mortar bombs, and hand and
rifle grenades.

Tin, Silicon, and Titanium Tetrachlorides are liquids which
give smoke when liberated in the air. They are not as effective
as phosphorous for smoke barrages and screens hecanse their
smokes have a smaller obscuring power and less persistency.

They are, however. more abundant than phosphorous and
are in the nature of substitutes where phosphorous eannot he
obtained. These materials are. therefore. loaded as phosphor-
ous substitutes into artillery shell, trench mortar bombs, and
hand prenades. Due to the fact that these substances are
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liquids, they are peculiarly suited for smoke ranging shell, as
‘they exhibit the same ballistic characteristics as liquid “gases,”
‘The relative merits of these three substances are as in the
ar named above; and, as compared with white phosphorous,
1ay be taken as follows:

White Phosphorous ................ 100%
Silicon

Titanium } Tetrachloride............ 40%
Tin

' Other smoke mixtures include:
‘The British “S” Mixture, consisting essentially of the follow-
Saltpetre
Sulphur
Pitch .
. Borax

ekl Glue

-
- This mixture has been used in smoke candles effectively and
as rompared with phosphoroas has the following relative
_screening value: -
=i White Phosphorous .........c..... . 1009,
il .| 503 1 A s st dohin ot aes cRUTE
" The B. M. Mixture, consisting essentially of:
Powdered Zinc

. Carbon Tetrachloride

£ Sodium Chlorate
‘ Magnesinm Carbonate

. This has rccently been used as a substitute for phosphorous
in hand grenades and also in smoke candles. It is claimed

at this mixture has an obscuring value equal to phosphor-
ous and a relative persistency of about one-half that of phos-

BERALNE,

WHO USES SMOEE.

52. Smoke is used by:

_ Artillery, with smoke shell for uistant smoke barrages and
for ranging gas shell. :

_ Infantry, with 3 in. Stokes smoke bombs for smoke sereens
% to a range of 1,800 yards:; with hand and rifle smoke gren-
‘ades to protect advancing troops against machine gun nests.
ete.; with smoke candles to conceal troop movements, ete,

~ Gas troops, with 4-inch Stokes smoke bombs for conducting
Special tactical operations, often combine with use of gas: for
ablishing smoke screens of large dimensions up to a range
1,000 yards.

~ Air Service, with small smoke drop bombs used for train-
Ing observers in bomb dropping, ete.

53, The description of the material above mentioned will
be found in other parts of this Manual.
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54. The following table gives a rough idea of the compara-
tive weight of phosphorous and the approximate efliciencies of
the several British smoke producing devices now in use:

Doyios i gight of Phosphorous Eflciency

Mo, 27 Bmoke Grenade, 14 o, White, &
P. Bomb, i6 oz, Red. ]
18 Ib. Artillery Suell, 1L, om, Whlis. 1
40 b, Ardllery Sheil—¥o-

witzer, 4 Ib. White, 140
4 [, Stokes Mormir Bowb—

Ligut sumuke. 41g b, Hed. {0
4 in. Stokes Mortey Bomb—

Hzvy Smoke, 714 lb. White. 15

USE OF SMOKE IN OPERATIONS.

55. Smoke, if ils use is carefully studied, will be found
of great value in modern infantry tactics, as il confers many
of the advantages which are to be gained by conducting opera-
tions al night, while few of the disadvantages are present. Use
of smoke must be very carefully planned in order to avoid
certain serious disadvantages likely to accrue under conditions
unfavorable to its use or if smoke be improperly employed.

Smoke screens may be employed with one or more of the tol-
lowing objects in view:

(a) To mask known enemy observation posts: To conceal
and protect the front and flanks of attacking troops Irom enemy
observation; and to blind hestile machine guns.

(b) As a feint to draw enemy's atiention to a front on
which no attack is being made, so as to hold his treops to
their positions and prevent them from rendering assislance Lo
the sector attacked; in inducing him to expend ammunition
needlessly and to put down a barrage in the wrong place.

(¢) In the case of a smoke cloud used offensively to simu-
late gas, with a view to lowering the enemy's morale and
forcing him to use his gas masks. It may also be used to
extend the front of a gas altack,

To make this effective, gas should occasionally be mixed with
smoke in order to impress upon the enemy the belief that it is
never safe Lo remain in a smoke cloud without wearing his
mask,

() In flat or open country Lo conceal concentrations of
guns and troops, and to screen roads, forming-up places and
lines of advance. To blind the flashes of a battery in action
in view of the enemy’s observation posts and to hamper ob-
servation from the air, 1

(¢) To cover the construction of bridges, trenches, ete.,
in the face of the enemy.

Ground and troops behind smoke screens can seldom be con-
cealed from hostile airplanes or kite balloon ebservation.
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If troops are hidden in smoke clouds such clouds attract the
enemy’s fire nnd are therefore dangerous; for this reason, smoke
screens intended to conceal concentrations should normally be
formed at some distance—about 400 yards—from the object to

be concealed.

In frontal screzns, care must be exercised to place the screen
so that an enemy barrage laid on it will not catch advancing
troops. Such a screen should preferably be placed on the enemy

trench system.

The necessity for anticipating the effect which a smoke cloud
will have in impeding our own observation and artillery fire
should be considered, as well as the possibility of troops being
hidden from our contact patrol airplanes,

When smoke is liberated on the flank of an assault, care
should be taken, by defining permissible wind limits before-
hand, that the cloud does not pass across the front of the as-
saulting troops, as the latter attacking through smoke are very
liable to lose direction,

When the use of a smoke screen in operation is contemplated,
the enemy should be educated to associate such a screen with
some object other than the real one, e, g, he may, by means of
a practice smoke screen, followed by no action, be led to sup-
pose that the object of the demonstration is to compel him to
expend ammunition vselessly.

It is obvious from the foregoing that it is of the utmost im-
portance that the use of smoke should be systematic but varied
‘jnstead of casual and haphazard.

.niltiative at the critical moment means the saving of valuable
lives and the aveidance of delay in the progress of the attack.
If this is to be cnltivated, and if misuse and waste are to be pre-
vented, the most careful training is required, not only of the in-
dividual, but also of companies, battalions, and even brigades.

SMORE SCREENS.

56. The amount of smoke-producing material required to
Zorm a sereen depends on a number of considerations, the most
important of which are as follows:

(a) The extent of the screen. As a rough gaide it may be
assumed that the width of the screen should be from two to
three times the width of the object to be concealed (as seen
by observers from the points from which it is intended to
prevent observation).

(b) Duration of the screen.

(¢) The direction of the wind. A cross wind requires, as
# rule, less expenditure of smoke than one at right angles
1o the front; and the difficulty of concealment increases if the
direction of the wind is variable.
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(d) The velocity of the wind. The density. of the smoke
clound diminishes considerably in proportion as the wvelocity
of the wind increases. In a wind of over 20 miles per hour
it is very difficult to form an opaque screen without excessive
expenditure of malerial,

(¢} The number of directions from which the enemy can
observe the object or area to be concealed. The greater the
number of points from which an object can be observed hy
the enemy, the greater will be the extent of the sereen required
and therefore of the amount of smoke producing substances
necessary to form it,

(f) The distance of the object from the enemy’s observa-
tion posts. The greater this distance the more effective the
smoke cloud will be.

In forming a sercen with any form of smoke producer, it is
necessary for the formation of the smoke screem to be very
carefully organized, so that the best results may be obtained
with the greatest cconomy of material. All personnel required
for providing smoke screens should be trained beforehand in
the use of the actual material which is to be employed and a
simple rehearsal is most valuable. The program which is to be
followed should state in detail the rate of expenditure of the
smoke producing substances and should be given in writing to
the personnel at each smoke source.

PROTECTION OF TANKS.

37. Since the enemy artillery is the most dangerous advers-
ary of the tanks, one of the vital conditions for the successful
operalion of tanks is blinding the ground observation posts
which look out on the field of attack by means of a very dense
well regulated smoke sereen, In front of the artillery in posi-
tion, a natural or artificial fog is a necessity to the tanks.
Batteries assigned to support infantry, especially when latter
is supported by tanks, and artillery assigned to direct support
of tanks should have on hand at all times a sufficient supply
of smoke shells to take prompt advantage of opportunities for
its use. The efficacy of smoke screen properly placed in assist-
ing tanks to accomplish their mission has been amply demon-
strated in action.

Smoke shells should not be employed in the rolling barrage
alone. In different sections, notably that just cited, the method
of forming a "“smoke eage,” or box barrage, gave excellent
results, This method consists in establishing a smoke barrage
on all points from which the objective to be taken could be
seen at a distance of 500 to 600 meters. An enclosed area is
thus formed in which the infanlry and tanks may operate,
screened from the view of the enemy observers, without them-
:.:lves being bothered by lack of visibility within combat dis-

nee,
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§ AND SMOKE DURING A WITHDRAWAL OR ON STABIL-
= 1ZED FRONTS.

tg. Gas and smoke on these fronts should be used according
directions heretofore given. On a retirement maximum
s of mustard gas should be used from close up to our
- troops to as far back as the longest range guns will






